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INTERVIEWS  NOW  ARE  BEING 
CONDUCTED  FOR  THESE  POSITIONS 

Sr.  Design  Engineer— Supervision  of  a  group  in 
design  of  solid  rocket  motor  components.  Re- 

quires professional  degree  and  a  minimum  of 
5  years  rocket  design  experience. 

Engineering  Analyst— Systems  Design.  To  for- 
mulate mathematical  models  of  systems  engi- 
neering problems  and  implement  solutions  by 

analytical  techniques.  Requires  degree  with 
solid  mathematical  foundation  and  2  years  de- 

sign or  systems  experience. 
Process  Engineer- For  rocket  motor  processing 
studies  and  process  methods  improvements.  Re- 

quires chemical  engineering  degree  and  direct 
propellent  processing  experience. 

Propulsion  Engineer  — For  analytical  studies  of 
solid  and  liquid  propulsion  systems.  Requires 
degree  with  extensive  mathematics,  thermo- 

dynamics and  fluid  mechanics  background. 

United 

Technology 

Corporation 
P.  O.  Box  358,  Sunnyvale,  California 

SUBSIDIARY  OF  I RCRAFT  CORPORATION 

If  it  isn't  fun,  don't  do  it! 
Do  you  enjoy  your  work?  Or  do  you  wait  till  after  hours  to  have 
your  fun?  Ponder  that  a  moment. 

Those  who  get  ahead,  you'll  observe,  are  nearly  always  those  who 
get  a  real  kick  out  of  what  they  do.  They  find  their  assignments 
challenging,  stimulating,  and  rewarding  — not  only  in  personal  sat- 

isfaction but  in  the  financial  sense,  too. 

If  you're  missing  these  elements  in  your  present  job,  we  invite  you 
to  take  a  look  at  the  possibilities  here  at  UTC. 

We  have  a  sense  of  mission  and  a  dedication  to  the  advanced  pro- 

pulsion goals  we're  striving  to  achieve.  But  we  also  recognize  that 
if  a  man  has  zest  for  his  assignment  he  will  give  the  most  of  himself 

and  get  the  most  for  himself.  That's  why  UTC's  research  and  de- 
velopment groups  are  purposely  small,  encouraging  free  exchange  of 

ideas,  direct  guidance  from  technical  leaders  and  proper  recognition 
of  individual  performance. 

Does  this  type  of  setup  appeal  to  you?  For  more  information,  write 
C.  F.  Gieseler,  Dept.  114 -A 

Organic  Chemist— Propellant  development  re- 
search involving  synthesis  of  basic  monomers, 

plasticizers  and  organic  compounds.  Requires 
an  advanced  degree  in  organic  chemistry  with  a 
knowledge  of  advanced  organic  synthesis.  Expe- 

rience in  synthesis  of  reactive  compounds  is 
most  desirable. 

Research  Processing  Chemist— For  laboratory 
investigations  of  polymeric  materials  that  may 
be  used  as  liners,  and  adhesive  or  encapsulating 
agents,  and  allied  research.  Strong  background 
in  organic  chemistry  and  synthesis  including  a 
degree  in  chemistry  or  chemical  engineering  is necessary. 

Aerothermo  Specialist-Will  perform  heat  trans- 
fer thermodynamic  and  aerodynamic  studies  on 

rocket  motors,  develop  new  methods  of  analysis 
and  design  tests.  Will  consult  with  designers  and 
project  engineers  on  major  engine  programs. 
Requires  masters  degree  in  mechanical  or  aero- 

nautical engineering  and  4  years  experience  in 
thermodynamics  and  heat  transfer. 

All  qualified  applicants  considered  without 
regard  to  race,  creed,  color  or  national  origin. 
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purposeful  imagination.... in  space 

The  men  of  Aerospace  probe  all  disciplines  of  the  space  sciences.  Chartered  exclusively  to  serve  the  United  States 

Government,  Aerospace  Corporation  applies  the  full  resources  of  modern  science  and  technology  to  advanced  space  and 

ballistic  missile  systems.  □  As  part  of  the  Air  Force-science-industry  team,  the  men  of  Aerospace  evaluate  and  stimulate 

the  free  flow  of  information  that  results  in  the  imaginative  concepts  required  for  national  leadership  in  space.  From  concept 

to  countdown  and  beyond,  Aerospace  provides  advanced  systems  analysis  and  planning;  theoretical  and  experimental  research; 

general  systems  engineering  and  corresponding  technical  direction  of  programs.  □  Aerospace  Corporation,  an  equal  opportunity 

employer,  now  needs  more  men  to  meet  these  responsibilities.  Highly  skilled  engineers  and  scientists  with  advanced  degrees, 

knowledgeable  in  interdisciplinary  problem  solving,  are  urged  to  contact  Mr.  George  Herndon,  Room  105 ,  Aerospace  Corpora- 

tion, P.  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public  /^t\y^^  RO  S  PA.CE 
interest  and  dedicated  to  providing  objective  leadership  in  the  advancement  RPO  RATIO  ̂ N" and  application  of  science  and  technology  for  the  United  States  Government.  2400  east  el  segundo  blvd.,  el  secundo,  California 
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— letters  

High  Cost  of  Brevity 
To  the  Editor: 

It  is  with  a  wry  degree  of  amusement 
that  I  note  (M/R,  Nov.  6)  reader  Graf's 
suggestion  that  you  publish  a  much-needed 
"list  of  abbreviations,"  and  your  "Sugges- 

tion noted"  implication  that  you  may comply. 
I  believe  that  Mr.  Graf  has  in  mind 

a  "Dictionary  of  Aerospace  Abbreviations 
and  Acronyms."  Entry  samples  would  in- clude such  valid  terms  as: 

ACRE — Automatic  Checkout  and 
Readiness  Equipment. 

BOSS — Bioastronautical  Orbital  Space 
System. COED — Computer  Operated  Electronic Display. 

DOC — Direct  Operating  Cost. 
EGAD — Electromagnetic  Gas  Detector. 
FUR — Failure,  Unsatisfactory,  or  Re- 

moval (report). 
GERM — Ground  Effect  Research  Ma- 

chine. 
HE — High  Explosive. 
IDA — Institute  for  Defense  Analysis. 
JAG — Judge  Advocate  General. 
KISS — "Keep  It  Simple,  Stupid"  (or 

"Sir,"  as  applicable.) 
LACE — Liquid  Air  Cycle  Engine. 
MAD — Motor  Assembly  and  Disassem- 
bly (Building,  or  area). 
NIB — Non-interference  Basis  (on  a). 
OAR — Office  of  Aerospace  Research. 
PIG — Pendulous  Integrating  Gyro. 

— and  so  on.  .  . 
I  conservatively  estimate  that  such  an 

undertaking  would  occupy  your  entire  or- 
ganization for  a  period  of  not  less  than 

six  months.  Then  a  staff  of  researchers 
would  be  required  to  merely  keep  the  list- 

ing up  to  date.  However,  there  is  a  crying 
need  for  such  a  dictionary  and  I  am  sure 
your  efforts  would  be  rewarded.  (A  pre- 
publication  price  of  $5  to  $7  would  be 
about  right,  and  you  may  bill  me  for  the first  copy.) 

Several  years  ago  Lear,  Inc.,  of  Santa 
Monica,  published  such  a  handy-dandy 
booklet  titled  "Aviation  Alphabet  Scoop." With  this  as  a  starter  I  have  since  accumu- 

lated several  thousand  additional  abbrevi- 
ations and  terms,  am  about  to  give  up  the 

entire  hobby  as  a  hopelessly  never-ending 
task. 

If  you  care  to  use  my  uncollated  notes 
as  a  begirining,  you  are  more  than  wel- come to  them. 

John  A.  Main 
Woodland  Hills,  Calif. 

Offer  noted. — Ed. 

Face  of  Jupiter 
To  the  Editor: 

Mr.  Forward's  article  on  Jupiter  ("Jupi- 
ter—Probe Target  After  Mars,"  M/R,  Dec. 

4,  p.  22)  was  both  interesting  and  inform- 
ative. However,  the  illustration  depicting 

the  band  structure  of  the  planet  omitted 
several  important  features  and  was  some- 

what inaccurate.  I  fully  realize  that  the 
diagram  for  such  an  article  is  not  intended 
to  be  detailed  and  hence  could  accept  the 
circular  rather  than  the  elliptical  shape, 

JUPITER'S  spots  show  in  200-in.  photo. 

but  I  do  feel  that  the  following  points 
should  be  noted: 

1.  The  polar  areas  should  be  termed 
regions,  not  zones,  and  are  actually  dark 
rather  than  light. 

2.  The  South  equatorial  belt  is  al- 
ways divided  by  a  rather  prominent  light strip. 

3.  The  equatorial  zone  is  divided  by 
a  fine  dark  band  which  Russia's  S.  K. 
Vsekhsviatsky  believes  to  be  the  shadow 
produced  by  a  ring  similar  to  Saturn's  but much  less  dense  and  hence  unobservable. 

4.  Two  additional  temperate  zones 
should  be  included. 

Raymond  J.  Stein 
Supervisor 
Planetarium  and  Observatory 
The  Newark  Museum 
Newark,  N.J. 

Spies  Everywhere 
To  the  Editor: 

Some  readers  have  greeted,  with  joy- 
ous cries  of  malice,  your  editorial  com- 

ments regarding  the  non-profit  organiza- 
tions, and  at  least  a  few  of  these  people 

seem  to  be  writing  through  their  hats. 
Mr.  Kelchner  (Letters,  M/R,  Dec.  4), 

for  instance,  fears  that  staff  members  of 
non-profit  organizations  may  steal  secrets 
from  some  industrial  companies  and  ped- dle them  to  others. 

Why  stop  there?  The  danger  is  all 
around  us.  How  about  company  employees 

who  may  carry  their  own  companies' secrets  to  others? 
Let's  go  further:  Consider  the  danger 

that  Martian  midgets  may  hide  under  the 
beds  of  scientists  to  record  their  midnight 
musings  and  sell  them.  Quickly,  men,  break 
out  the  brooms  and  poke  under  those  beds. 
Ready?  Poke! 

Isn't  the  role  of  non-profit  organiza- 
tions in  national  defense  worthy  of  intelli- 
gent, dignified  examination? 

Walter  Golman 
Washington,  D.C. 
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The  Countdown 

WASHINGTON 

Stumbling  Block  to  Space 
Word  being  passed  along  Pentagon  corridors  has  it 

that  the  biggest  stumbling  block  to  military  space  pro- 
grams continues  to  be  the  No.  1  man  in  tl  ;  building — De- 
fense Secretary  Robert  McNamara.  The  former  Ford 

president  is  said  to  be  still  unconvinced  that  the  time 
has  come  to  start  working  a  lot  harder  on  some  new 
hardware  for  SAC — like  Dyna-Soar. 

Biggest  Budget 

The  Kennedy  Administration's  FY  '63  defense  budget 
of  more  than  $5 1  billion  will  be  the  biggest  in  the  nation's 
peacetime  history — but  it  still  had  to  undergo  a  last- 
minute  hacking  to  keep  it  under  an  arbitrary  ceiling  set 
by  the  Budget  Bureau.  The  budget  probably  will  go  to 
Congress  around  Jan.  22. 

On  the  Pad 

First  manned  Mercury  orbital  launch  is  still  set  for 
Jan.  16.  ...  It  will  be  followed  within  weeks  by  the  first 
attempt  at  a  lunar  hard-landing  with  a  Ranger  capsule 
and  the  fourth  of  NASA's  Tiros  weather  satellites. 

The  Push  for  Zeus 

The  Army  is  stepping  up  its  drive  to  win  approval  of 
plans  to  put  the  big  Nike-Zeus  system  into  production. 
The  three  test  launchings  of  the  Western  Electric  anti- 

missile missile  Dec.  14 — all  within  one  hour — is  expected 
to  be  only  the  first  of  a  sensational  series  of  tests  dem- 

onstrating the  system's  capability.  The  goal:  Authoriza- tion of  production  and  deployment  before  Congress  goes 
home  next  summer. 

Navy's  New  Missile  Outlook:  Blank 
Although  it  has  some  new  birds  in  the  study  stage,  the 

Navy  doesn't  expect  to  move  any  missiles  into  the  devel- opment stage  this  year.  Emphasis  will  be  on  improving 
existing  models. 

INDUSTRY 

Dupont  to  Build  at  Cape? 

There's  a  report  Dupont  has  purchased  6400  acres  of 
land  near  the  Cocoa-Titusville  airport  at  Cape  Canaveral 
and  is  getting  ready  to  move  into  solid-propellant  manu- 

facture— presumably  for  big  boosters.  Countdown  is 
told  that  the  giant  chemical  company  presently  is  negoti- 

ating with  a  small  firm  doing  solid-fuel  experimental 
work.  The  reported  plan:  acquire  the  firm,  expand  it  and 
get  into  competition  with  Thiokol,  Aerojet  and  the  other 
big  propellant  producers. 

Thiokol  Diversifies  into  Plastics 

In  a  diversification  move,  Thiokol  Chemical  Corp.  is 
buying  an  industrial  laminates  plant  from  the  St.  Regis 
Paper  Co.'s  Panelyte  Division  at  Trenton,  N.J.  Thiokol 
intends  to  expand  and  improve  the  firm's  product  line  of 

sheet,  tube  and  rod  laminates  for  the  electrical,  appliance 
and  other  manufacturing  industries. 

Front  Office  Intelligence 

Promoted  to  vice  president  at  Aerojet-General  Corp.: 
William  C.  House,  director  of  Nerva  operations,  and  Dr. 
Ernest  R.  Roberts,  who  has  been  assistant  manager  of 

the  company's  Solid  Rocket  Plant  at  Sacramento.  ...  At Northrop  Corp.,  F.  W.  Lloyd  has  been  named  assistant 
general  manager-operations  and  Welko  E.  Gasich  assist- 

ant general  manager-technical — two  new  positions  carry- 
ing vice  presidential  rank.  .  .  .  H.  F.  Konig  is  being  moved 

from  general  manager  of  General  Electric's  Light  Military Electronics  Division  at  Utica,  N.Y.,  to  consultant  to  Dr. 

George  Haller,  general  manager  of  the  company's  De- fense Electronics  Division  at  Syracuse.  Konig  is  being 

replaced  by  Gerald  A.  Hoyt  .  .  .  and  at  Huntsville,  "Mr. 
Zeus,"  Col.  Glenn  V.  Crane,  is  leaving  this  month  as 
project  manager  of  the  A-ICBM  for  a  tour  at  the  Indus- 

trial College  of  the  Armed  Forces. 

R&D  Intelligence 

The  Air  Force  is  looking  for  a  minimum  three  years 
of  useful  life  in  its  gel-solid  propellant  being  developed 
by  Atlantic  Research  Corp.  .  .  .  Slippage  in  the  Centaur 
launch  program  is  now  being  attributed  to  the  failure  of 
several  subcontracted  systems  to  meet  specs.  .  .  .  Sperry 
Gyro  scientists  have  come  up  with  quantity-production 
method  for  hexafluorobenzene,  a  radiation-resistant  liquid 
which  shows  promise  as  a  base  for  "floating"  inertia] 
guidance  system  components. 

Patent  Progress  Unlikely 
Resolution  of  the  controversy  over  government  patent 

policies  doesn't  appear  in  the  cards  for  the  next  congres- sional session.  The  reason:  The  Kennedy  Administration 
has  come  up  with  legislation  which  would  give  the  gov- 

ernment title  to  all  patents  developed  by  private  industry 
under  R&D  contracts.  The  bill  is  expected  to  be  de- 

feated— leaving  the  status  quo. 

INTERNATIONAL 

France's  Space  Program  Shapes  Up 
France — with  the  creation  Dec.  19  of  CNES  (Centre 

National  d'Etudes  Spatiales) — plans  to  spend  about  $16 
million  this  year  on  space  research.  Half  will  go  into 
domestic  programs  and  the  rest  in  international  efforts. 
Spending  on  space  is  expected  to  rise  to  a  yearly  volume 
of  about  $30  million. 

Overseas  Pipeline 

Belgium's  first  rocket  motor  test  facility  is  ready  for 
operation  at  Zutendaal  under  the  government's  Fabrique 
Nationale  d'Armes  de  Guerre.  .  .  .  Boelkow  and  Focke- 
Wulf  have  finished  a  joint  design  study  for  the  West 
German  third  stage  of  the  projected  European  satellite 
launcher.  .  .  .  France  is  ready  to  launch  a  4-stage  Berenice 
research  rocket  in  a  Mach  12  nose  cone  test  .  .  .  and 
Brazil  is  now  moving  ahead  with  a  space  research 
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The  Missile / Space  Week 

Apollo  Subs  Named 

North  American  Aviation,  prime 

for  NASA's  Apollo  lunar  spacecraft, 
has  named  four  major  subcontrac- 

tors— all  of  whom  worked  on  the 
original  (M/R,  Dec.  4,  p.  15).  Collins 
Radio  will  produce  the  telecom- 

munications system  at  more  than  $40 
million;  Minneapolis-Honeywell  the 
stabilization  and  control  system  at 
more  than  $30  million;  Garrett 

Corp.'s  AiResearch  Division  the  en- 
vironmental control  system  at  more 

than  $10  million;  and  Northrop's 
Radioplane  Division  the  parachute 
recovery  system. 

Shots  of  the  Week 

The  Army  revealed  Dec.  21  the 
successful  intercept  of  a  Nike-Her- 

cules with  a  Nike-Zeus  A-ICBM  on 
Dec.  14  over  White  Sands  Missile 
Range. 

The  Zeus  missile  exploded,  says 

the  Army,  "well  within  the  lethal 
radius"  of  its  nuclear  warhead  and 
would  have  killed  the  Hercules  (see 
photo).  HE  was  used  in  the  Zeus. 

Within  one  hour  of  the  test,  the 
Army  also  fired  Zeus  missiles  from 
Point  Mugu,  Calif.,  and  from  an 
underground  pad  on  Kwajalein  Atoll, 
which  is  being  readied  for  tests 
against  ICBM  warheads  later  this 
year.  The  Mugu  shot  was  described 
as  the  "longest  and  highest  flight"  of the  Zeus  to  date. 

In  other  major  launchings: 
•  The  Air  Force  on  Dec.  18 

scored  its  second  success  in  a  row 
with  a  Minuteman  out  of  a  silo.  The 
Cape  Canaveral  shot  went  3600 
miles. 

•  The  Air  Force  lost  a  monkey 
which  rode  5000  miles  in  a  capsule 
aboard  an  Atlas  fired  from  the  Cape 
on  Dec.  19.  However,  the  shot  did 
provide  telemetered  measurements  on 
neutron  density  which  may  supply 

ZEUS  explodes  near  Hercules  (arrow). 

data  on  the  formation  of  the  lower 
Van  Allen  belt. 

AOMC  Reorganizes  Missile 
R&D;  800  Lose  Their  Jobs 

The  Army  Ordnance  Missile 
Command — in  a  major  shakeup — is 
eliminating  the  Army  Ballistic  Mis- 

sile Agency  (ABMA)  and  the  Army 
Rocket  and  Guided  Missile  Agency 
(ARGMA).  All  missile  programs 
are  being  reorganized  under  AOMC 
into  13  weapon  system  project  offices. 

The  reorganization  means  a  re- 
duction of  800  civilians  in  AOMC's work  force.  Most  of  this  group  is 

expected  to  be  absorbed  into  NASA's Marshall  Space  Flight  Center  at 
Huntsville. 

Brig.  Gen.  John  G.  Zierdt — for- 
merly commander  of  ARGMA — has 

been  named  Deputy  Commanding 
General  for  Guided  Missiles  while 
the  ABMA  commander,  Brig.  Gen. 
Richard  M.  Hurst,  has  been  desig- 

nated Deputy  Commanding  General 
for  Ballistic  Missiles.  Both  are  under 
AOMC  commander  Maj.  Gen. 
August  Schomberg. 

Named  to  head  the  project  offices 
under  Zierdt  were:  Col.  Glenn  Crane 
— Nike-Zeus  antimissile  missile; 
Col.  B.  J.  Leon  Hirshorn — Mauler 
and  Redeye  air  defense  missile  sys- 

tems; Col.  Harry  M.  Murray — Hawk 
and  NATO-ff<wJfc;  Lt.  Col.  Joseph 
C.  Baer — Nike-Hercules  and  Nike- 
Ajax  and  target  missiles;  and  Lt.  Col. 
William  W.  Cobb  — Field  Army 
Ballistic  Missile  Defense  System 
(FABMDS). 

This  is  not  and  is  under  no  circumstances  to  be  construed  as  an  offer  to  sell,  or  as  an 
offer  to  buy  or  as  a  solicitation  of  an  offer  to  buy,  any  of  the  securities  herein  mentioned. 

The  offering  is  made  only  by  the  Prospectus 

New  Issue  December  18,  1961 

60,000  Shares 

MEASUREMENTS  SPECTRUM,  Inc. 
Common  Stock 

Price  $5.00  Per  Share 

(Par  Value  $5) 

Copies  of  the  offering  circular  may  be  obtained  from  the  undersigned 

ADAMS  &  COMPANY 

5455  Wilshire  Boulevard,  Los  Angeles  36,  California 
Other  offices:  Sherman  Oaks,  Taft,  and  Garden  Grove 
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Two  key  positions  are  still  to  be 
filled  in  Gen.  Zierdt's  office:  project 
manager  for  antitank  and  field  artil- 

lery weapons,  and  a  manager  for  tasks 
performed  under  NASA  and  ARPA 
contracts. 

In  General  Hurst's  office  for  bal- 
listic missiles,  the  project  managers 

include:  Col.  Oliver  M.  Hirsch — 
Pershing;  Col.  John  E.  Aber — Ser- 

geant; Col.  Gervase  L.  Barnhill — 
Missile  B  and  Col.  John  T.  O'Keefe 
— Redstone  and  Corporal. 

Project  managers  for  the  small 
rockets  and  the  Little  John  and 
Honest  John  weapon  systems  have 
yet  to  be  named. 

Cook  Sees  Big  Aerospace  Year 

Gen.  Orval  R.  Cook,  President  of 
the  Aerospace  Industries  Association, 
predicts  a  steady  increase  in  missile 
and  space  spending  in  1962. 

The  retired  Air  Force  Officer  said 
that  aerospace  industry  sales  this 
year  will  equal  the  1961  total  of 
$14.8  billion,  with  a  decline  in  mili- 

tary aircraft  production  offsetting  the 
increase  in  missile  and  space  activity. 

He  reported  that  sales  of  missiles 
hit  an  estimated  $4.8  billion  in  Fiscal 
1961. 

The  Securities  and  Exchange 
Commission  identifies  51  companies 
as  aerospace  manufacturers.  Sales  of 
those  firms  increased  $500  million  in 
1961  to  a  total  of  $13.5  billion. 

Earnings  of  the  same  firms  reached 
$240  million  last  year,  well  above 
earnings  of  $184  million  in  1960. 

Gen.  Cook  said  that  employment 
in  the  industry  which  had  declined 
for  the  past  several  years,  leveled  out 
during  1961. 

In  September  last  year,  employ- 
ment totaled  673,000.  It  is  expected 

to  remain  at  about  that  level  through 
1962. 

How  to  Build  an  MRBM 

The  Air  Force  appears  to  have 
chosen  a  piece-by-piece  approach  to 
developing  a  highly  mobile  medium- 
range  ballistic  missile  (MRBM)  and 
possibly  a  third-generation  ICBM. 

The  plan  apparently  is  to  develop 
a  new  guidance  system,  a  new  motor, 
a  new  warhead — and  put  them  to- 

gether later. 
Latest  evidence  of  this  includes 

two  recent  contracts — $2  million  each 
to  AC  Spark  Plug  Div.  of  General 

Motors  and  General  Precision,  Inc. — 
for  R&D  of  stellar  inertial  guidance 

and  control  systems  for  "long-range 
ballistic  missiles." 

Early  last  month,  Hamilton  Stand- 
ard Div.  of  United  Aircraft  Corp. 

received  a  $1.6-million  award  for 
what  the  Air  Force  publicly  described 

only  as  an  "advanced  stellar  guidance 

system." Abbott  Retires  from  NASA 

Ira  H.  Abbott,  Director  of 
NASA's  Office  of  Advanced  Research 
and  Technology,  will  retire  this  week 
after  32  years  of  government  service. 

No  successor  has  been  named. 
Deputy  Associate  Administrator 
Thomas  F.  Dixon  will  double  as  act- 

ing director  of  the  office. 
Abbott  intends  to  devote  his  full 

time  to  public  affairs. 

EGO  To  Carry  Potpourri 

Nineteen  experiments  are  sched- 
uled to  be  aboard  the  first  Orbiting 

Geophysical  Observatory  (OGO) 
when  it  is  launched  in  1963. 

The  experiments — ranging  from 
studies  of  solar  cosmic  rays  to  micro- 
meteroid  and  vector  velocities — will 
be  boosted  by  an  Atlas-Agena  B  into 
an  eccentric  orbit  of  70,000  miles 
apogee  and  170  miles  perigee. 

The  first  of  the  OGO  satellite 
series  has  been  dubbed  EGO,  the 
Eccentric  Orbiting  Observatory.  An- 

other, to  be  launched  in  1964,  will  be 
called  POGO  because  of  its  polar 
orbit  flight  path. 

OGO  is  often  referred  to  as 
NASA's  "streetcar  satellite"  because 
it  is  the  first  standardized  satellite  for 

carrying  a  group  of  scientific  ex- 
periments. Modular  compartments, 

booms  and  space  in  the  body  of  the 
observatory  will  be  able  to  carry  as 
many  as  50  different  experiments  in 
any  one  space  mission. 

Three  of  the  spacecraft  are  being 
constructed  by  Space  Technology 
Laboratories  Inc.  NASA's  Goddard 
Space  Flight  Center  is  managing  the 

project. The  spacecraft  is  approximately 
6  ft.  long  by  3  ft.  square.  The  solar 
paddles  are  about  6  ft.  square  and 
the  satellite — including  experiments 
— weighs  almost  900  lbs. 

EGO's  19  experiments  will  weigh 
a  total  of  approximately  150  lbs. 
Components    of    15  experiments, 

weighing  more  than  87  lbs.,  are  lo- cated in  standard  size  boxes  in  the 

main  body  of  the  satellite.  Compo- 
nents of  five  experiments  are  carried 

in  packages  at  the  ends  of  the  two 
solar  paddles. 

OGO  will  be  stabilized  so  that  the 
same  axis  constantly  points  toward 
the  earth.  It  will  be  equipped  with 
both  gas  jets  and  reaction  wheels  for 
attitude  control. 

The  satellite  will  have  three  tele- 
metry systems — wide  band,  narrow 

band,  and  a  special-purpose  system — 
to  send  data  back  to  the  earth.  In 

addition,  a  command  system  is  capa- 
ble of  directing  about  250  operations 

in  the  spacecraft  and  its  experiments. 

THINK 

TACoAoe 

for  worthy  work 

and 
leisurely  living 

PHYSICAL  TEST 
DEVELOPMENT  CHEMIST 

To  develop  methods  of  physical  test 
for  evaluation  of  solid  propellant  and 
propellant  materials.  These  tests  in- clude tensile  testing,  particle  size 
measurement,  determination  of  burn- 

ing rates,  specific  impulse,  and  other related  areas. 
Requirements  —  Science  degree  in 
Engineering,  Physics,  or  Chemistry, 
with  at  least  two  years  pertinent 
laboratory  experience. 
ANALYTICAL  CHEMIST 

To  develop  methods  of  chemical  test- 
ing of  solid  propellant,  raw  materials, 

and  solid  propellant  formulations. 
Requirements— Degree  in  Chemistry, 
with  four  or  more  years  of  experience 
in  analytical  instrumentation  and  at 
least  two  years  direct  experience  in 
gas  chromatographic  methods. 
Most  workers  who  come  to  this 
northern  Utah  area  enjoy  it.  Proba- 

bly you  will  too.  There's  so  much  to see  and  enjoy.  Living  can  be  exciting 
or  leisurely,  as  you  like  it. 

Send  resume  to  Noel  Murray, 
Employment  Supervisor 

Dept.  X-288 

TAtoAoe 

CHEMICAL  CORPORATION 
120  Sex  Main  Street,  Brigham  City,  Utah 

An  Equal  Opportunity  Employer 
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For  Nova  third  stage  .  . 

New  Million-lb.-thrust  Engine  Sought 

Dyna-Soar  to  be  'streamlined';  Titan  III 

funds  okayed;  Douglas  wins  Saturn  S-4B  award 
by  Hal  Taylor 

NASA  IS  PLANNING  shortly  to  undertake  the  multi- 
million-dollar development  of  a  new  rocket  engine — a  1- 

million-lb. -thrust,  hydrogen-fueled  powerplant  for  upper 
stages. 

Designated  the  M-l,  the  engine  is  intended  to  be  used 
singly  or  paired  to  produce  2  million  lbs.  of  thrust.  Missiles 
and  Rockets  has  learned  that  the  M-l  is  designed  as  a  third 
stage  for  Nova.  There  is  also  a  possibility  it  may  replace 
Nova's  second  stage,  which  is  to  be  powered  by  two  1.5- 
million-lb. -thrust  F-l  engines. 

Disclosure  of  the  new  project  caps  these  other  major 
year-end  moves  in  the  nation's  military  and  civilian  space 
programs: 

—After  six  months'  delay,  the  Defense  Department 
finally  bought  part  of  the  Air  Force's  proposal  to  "stream- 

line" the  Dyna-Soar  program  by  eliminating  sub-orbital 
flights  with  Titan  II  boosters.  But  DOD  officials  indicated 
last  week  that  there  still  will  be  no  acceleration  in  Dyna- 
Soar  funding.  Only  $100  million  of  the  $185  million  voted 
by  Congress  is  to  be  used  in  FY  '62,  and  there  is  a  pos- 

sibility the  $100-million  funding  rate  may  be  continued  in 
FY  '63. 

—The  Kennedy  Administration  approved  FY  '63  funds 
for  the  Titan  III — a  liquid-solid  booster  for  Dyna-Soar 
orbital  flights  (M/R,  June  12,  1961,  p.  12). 

—NASA  apparently  has  decided  that  the  advanced 
Saturn  S-1B  first-stage  booster  will  have  five  E-l  engines 
developing  total  thrust  of  7.5  million  lbs.  The  second  stage 
of  this  booster  will  have  five  J-2  engines  developing  a  total 
of  1  million  lbs.  thrust.  The  new  vehicle  probably  will  be 
called  the  Saturn  C-5. 

—  NASA  awarded  Douglas  Aircraft  Corp.  a  $50-million 
contract  to  build  the  S-4B  third  stage  of  the  Saturn  C-5.  The 
stage  calls  for  the  use  of  a  single  J-2  engine  developing 
200,000  lbs.  thrust.  This  will  replace  the  earlier  planned 
stage  which  was  to  have  six  RL-10  engines  with  a  stage 
thrust  of  90,000  lbs.  (M/R,  Aug.  7,  1961,  and  M/R,  Dec. 
18,  1961). 

•  Contractor  up  in  air — The  liquid  hydrogen  M-l 
engine  results  from  proposals  from  Aerojet-General  Corp. 
and  the  Rocketdyne  Division  of  North  American  Aviation 
Inc.  NASA  officials  have  not  decided  whether  to  award  the 
contract  to  one  of  these  firms  or  to  ask  all  interested  com- 

panies to  submit  bids  before  selecting  a  prime  contractor. 
Announcement  of  the  new  engine  and  the  method  of 

selecting  the  contractor  is  expected  in  about  two  weeks. 
Primary  advantage  of  the  M-l  will  be  a  30%  increase  in 
thrust  per  weight  of  the  propellant  over  the  conventional 
large  liquid-propelled  engines. 
10 

Meanwhile,  Administration  approval  of  the  Titan  III 
gives  the  Air  Force  its  most  powerful  rocket  to  date.  It 
will  feature  the  unusual  combination  of  solid  and  liquid fuel  technology. 

In  the  center  will  be  the  430,000-lb.-thrust  Titan  11  inter- 
continental ballistic  missile.  Clustered  around  it  will  be  two 

or  more  120-in.  solid  rocket  motors. 
The  new  vehicle  will  have  a  thrust  of  about  1.5  million 

lbs.  if  two  of  the  solid  motors  are  used.  It  would  be  able 
to  hurl  14-ton  payloads  into  earth  orbit,  thus  approaching 
the  capability  of  NASA's  Saturn  C-l  launch  vehicle. 

A  DOD  announcement  Dec.  26  said  the  Air  Force  would 
sign  a  new  contract  with  Martin  Marietta  Corp. — developer 
of  the  Titan  11 — so  that  it  could  go  ahead  with  initial  work 
applicable  to  the  new  space  booster  system. 

At  the  same  time,  the  Air  Force  is  expected  in  the  next 
few  weeks  to  invite  industry  proposals  to  build  the  120-in. 
solid-fuel  rocket  motor- — largest  of  its  type  in  the  U.S. 

As  the  Air  Force  was  awarded  its  largest  space  booster, 
NASA  also  moved  to  increase  the  capability  of  its  advanced 
Saturn  booster  by  increasing  the  thrust  of  its  S-4B  third stage. 

The  space  agency  said  that  the  contract  with  Douglas 
provides  for  the  development  of  six  flight  and  four  ground 
test  versions  of  the  stage. 

The  stage  will  be  used  on  the  large  launch  vehicle  when 
it  boosts  the  Apollo  spacecraft  on  circumlunar  missions.  It 
would  also  be  used  on  orbital  rendezvous  missions  if  that 
concept  of  space  flight  proves  feasible.  If  this  occurs,  a  far 
larger  number  of  the  stages  will  be  required. 

NASA  announced  on  December  20  that  the  Boeing  Co. 
had  been  selected  to  build  the  first  stage  of  the  Saturn  C-5 
booster.  George  H.  Stoner,  formerly  director  of  its  Dyna- 
Soar  program,  will  serve  as  Boeing's  General  Manager- Saturn  Boosters. 

Stoner  said  that  key  members  of  his  management  team 
will  leave  shortly  for  NASA's  Marshall  Space  Flight  Center 
and  the  government-owned  Michoud,  La.,  operations  plant 
to  begin  work  on  the  contract. 

He  also  said  segments  of  his  organization  will  be  located 
at  Cape  Canaveral  and  at  NASA's  recently  announced  Mis- 

sissippi static  test-firing  facility.  The  work  at  Marshall  will, 
for  the  most  part,  be  temporary  and  will  involve  familiariza- 

tion, training,  and  liaison  with  NASA  personnel  engaged  in 
the  Saturn  program. 

Boeing  planning  calls  for  a  phased  buildup  of  its  Saturn 
operations  in  the  Southeast  to  require  several  thousand  em- 

ployees by  mid- 1963.  It 
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LANGLEY  RESEARCH  Center  scientist  holds  model  of  the 
projected  15 -man  space  station  in  erected  condition. 

PRECURSOR  OF  bigger  space  stations  under  consideration  is 
this  30-ft.-dia.  version  built  by  B.  F.  Goodrich. 

Space  Agency  Ponders  15-AAan  Station 

NASA  SCIENTISTS  are  taking  a 
thorough  look  today  at  what  could  be- 

come one  of  America's  next  big  space 
projects — -a  15-man  erectable  space  sta- 

tion weighing  75,000  lbs. 
Administrator  James  E.  Webb  has 

already  declared  that  a  decision  on  the 
station  will  have  to  be  made  by  1965. 

To  meet  the  deadline,  scientists  at 

NASA's  Langley  Research  Center  are 
heavily  engaged  in  their  own  basic  re- 

search and  have  awarded  North  Ameri- 
can Aviation  Corp.  a  $100,000  feasibil- 

ity study  contract.  Other  firms,  including 
B.  F.  Goodrich  and  Grumman  Aircraft, 
are  also  taking  part.  Further  study  con- 

tracts— principally  in  material  concepts 
— will  be  awarded  next  year. 

NASA  has  been  spending  about 
$200,000  a  year  on  the  space  station 
work.  When,  and  if,  it  becomes  an 
official  NASA  program,  funds  will  likely 
be  in  the  multimillion  or  more  category. 

Langley  scientists  hasten  to  assert 
that  design  and  research  on  the  space 
stations  is  still  in  the  preliminary  stage. 
They  declare,  however  that  "We've  done 
a  lot  of  work  on  it  and  it  looks  good." 

The  station  could  be  used  for  con- 
ducting space  research  and  an  orbiting 

base  for  deep  space  missions  and  plane- 
tary exploration.  NASA  officials  esti- 
mate that  it  could  be  test-flown  by  1975. 

»  Torus  form — The  erectable  con- 
cept is  an  outgrowth  of  research  by 

Langley's  Applied  Materials  and  Re- search Division. 
It  would  be  structurally  composed 

of  six  rigid  9-ft.-high  cylindrical  mod- 
ules for  crew  quarters,  joined  by  inflat- 
able connector  sections  arranged  in  a 

torus  shape. 
A  rigid  central  hub,  connected  to  the 

ring  by  three  inflatable,  radial  tubes, 
could  serve  as  passageways  when  in- 

flated and  as  connecting  hinges  between 
modules  to  form  a  compact  package. 

A  fully  deployed  station  of  that  de- 
sign would  be  rotated  about  its  hub  to 

provide  artificial  gravity  for  the  crew 
and  instrumentation.  The  torus  config- 

uration would  allow  a  diameter  of  120 
to  150  ft.,  an  area  necessary  for  an 
appreciable  amount  of  gravity  at  low 
RPM.  The  hub  of  the  station  would  be 
non-rotating  to  provide  prolonged  zero 
gravity  for  extended  research  into 
weightlessness. 

The  erectable  space  station  would 
be  packed  into  the  nose  of  a  Saturn  C-4 
or  Nova  launch  vehicle  and  would  be 
automatically  inflated  in  space. 

The  automatic  erection  would  elimi- 
nate the  necessity  for  having  a  crew 

assembling  a  number  of  small  units 
launched  separately  into  space — another 
method  being  considered  for  the  con- 

struction of  a  space  station.  There  is 
doubt  among  NASA  officials  that  the 
present  state  of  technology  makes  the 
latter  concept  feasible. 

The  space  station  concept  could  also 
be  grounded  by  the  theory,  shared  by 
NASA  and  other  U.S.  space  experts, 
that  a  base  on  the  moon  may  ultimately 
prove  to  be  the  best  launch  site  for 
long  manned  interplanetary  missions. 
Such  a  base  is  far  from  realization,  how- 

ever, and  there  is  a  strong  belief  that 
the  space  station  could  be  operational 
a  lot  sooner — plus  having  the  advantage 
of  serving  as  a  large  laboratory  for  space 
research. 

•  Multipurpose — The  space  station 
would  be  compatible  with  both  the  two- 
man  Mercury  capsule  and  the  Apollo 

lunar  landing  spacecraft.  This  would 
enable  the  station  to  have  a  rendezvous 
capability  with  either  of  the  spacecraft. 

The  75t000-lb.  total  weight — during 
launch — would  include  an  Apollo  com- 

mand module  re-entry  vehicle. 
Both  the  top  and  bottom  of  the  sta- 
tion hub  would  serve  as  a  port  for  the 

spacecraft  on  which  they  can  dock  and 
take  off  on  long  interplanetary  missions. 
In  addition,  the  station  could  be  used 
as  a  storage  area  for  propulsion,  sup- 

plies and  equipment  for  long  manned 
interplanetary  missions.  The  spacecraft 
would  also  serve  as  a  carrier  to  return 
crew  members  to  the  earth. 

The  B.  F.  Goodrich  Co.  has  already 
constructed  a  24-ft.-diameter  erectable 
station  for  Langley,  which  has  used  it 
in  development  work.  Material  used 
was  seven  miles  of  dacron  cord. 

A  fibreglass  wound  filament  with  a 
plastic  binding  is  also  being  considered. 
Langley  scientists  assert,  however,  that 
much  work  must  still  be  done  before  a 
decision  as  to  the  final  material  for  the 
station's  outer  shell  is  possible.  They 
also  point  out  that  no  matter  what  ma- 

terial is  used,  once  the  station  is  inflated, 
it  will  be  as  solid  as  metal. 

Other  problem  areas  which  the 
NASA  Center  is  still  working  include: 

—The  effects  of  radiation  and  me- 
teroids  on  an  inflated  craft. 

—The  problems  involved  in  "folding 
the  material''  so  that  it  is  not  damaged. 

—What  types  of  structures  will  be most  efficient. 

—How  to  achieve  thermal  balance 
within  the  spacecraft  so  that  the  heat  of 
the  sun  and  the  coldness  of  space  can  be 
used  to  provide  normal  temperature. 
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NASA  struggles  to  compete  .  .  . 

Scientist/ Engineer  Shortage  Worsens 

by  Heather  M.  David 

CONCERN  is  mounting  at  the  Na- 
tional Aeronautics  and  Space  Admin- 

istration as  the  nation's  force  of  engi- 
neers and  scientists  continues  to  shrink. 

As  engineering  schools  report  lower 
and  lower  enrollments,  personnel  offices 
of  the  nation's  space  program  say  the 
demand  for  qualified  men  is  skyrocket- 

ing— and  will  probably  double  within 
the  decade. 

Recent  surveys  show  that  the  num- 
ber of  total  engineers  enrolled  as  fresh- 

men has  decreased  steadily  for  the  past 
four  years.  The  drop  is  even  more  dra- 

matic when  contrasted  against  the  total 
yearly  increase  of  freshmen.  An  in- 

formal survey  conducted  by  the  U.S. 
Department  of  Education  shows  that  in 
the  period  from  1953-1957,  engineering 
freshmen  accounted  for  about  10.5% 
of  all  incoming  freshmen.  This  percent- 

age dropped  to  9%  in  1958,  8.2%  in 
1959,  7.3%  in  1960,  and  6.6%  in  1961. 

Even  if  this  percentage  is  bolstered 
by  the  nation's  entry  into  the  moon 
race,  the  shortage  will  be  felt  for  at 

least  four  or  five  years  as  these  "low" classes  graduate. 
It's  a  nice  situation  for  those  engi- 

neers and  scientists  armed  with  degrees 
enabling  them  to  participate  in  the  space 
program.  Pay  scales  which  already 
have  been  rising  about  5%  per  year  in 
the  last  few  years  will  undoubtedly  in- 

crease more  rapidly  as  demand  grows. 

•  NASA's  hiring  plans — Personnel 
Director  Dr.  Robert  Lacklan  says 
NASA  is  hiring  about  2000  engineers 
and  scientists  in  FY  '62.  This  number 
will  be  at  least  repeated  next  year.  What 
NASA  gets  from  graduating  college 
classes  only  meets  its  turnover,  which 
is  about  8%  each  year.  (About  34% 
of  NASA's  current  total  of  18,000  em- 

ployees are  professional  people.)  This 
means  that  NASA  must  get  some  1650 
new  engineers  and  scientists  from  other 
sources  this  year,  and  even  more  in  the 
years  to  come,  as  its  budget  moves  up- 

ward to  a  $5-billion  level  about  1964. 
By  comparison,  the  Air  Force  Sys- 

tems Command,  engaged  in  somewhat 
parallel  work,  has  a  work  force  of  about 
70,000  for  its  current  budget  of  about 
$5  billion. 

Competition  with  industry  for  these 
highly  trained  men  is  tough  and  will  get 
much  worse.  All  segments  of  industry — 
not  only  those  connected  with  the  mis- 

Salary  Comparisons, 
Professional  Personnel 

GS  Grade Industry  Rate 
Government 

Rate 

5 
$  6,576 $  5,335 

7 
7,308 

6,345 
9 

8,460 6,435 11 
9,984 7,560 12 11,520 

8,955 13 
13,368 10,635 14 16,476 

12,210 15 19,056 13,730 16 20,000/30,000 15,355 17 27,500/37,500 16,530 
18 

32,500/45,000 18,500 

FIRST  TWO  grades  on  chart  are  the  top 
salaries  which  government  agencies  may 
give  for  that  grade.  NASA  has  requested 
that  it  may  offer  top  salaries  in  all  other 
grades,  which  would  raise  each  of  those 
figures  by  several  hundred  dollars. 

sile/space  field — need  them.  A  National 
Science  Foundation  study  just  released 
says  that  by  1970  demand  for  scien- 

tific and  technical  personnel  will  have 
doubled. 

NSF  points  out  that  scientific  and 
engineering  personnel  must  increase 
from  1,096,000  (in  1959)  to  about 
2,032,000  in  1970 — an  increase  of 
about  85,000  per  year.  In  addition, 
21,000  new  scientists  and  engineers  will 
be  needed  annually  to  replace  those  who 
retire,  die  or  move  to  other  fields  of 
work,  bring  the  yearly  total  to  106,000. 

Of  this,  81,000  new  engineers  will 
be  needed  each  year — 64,000  to  fill  new 
positions  and  17,000  to  replace  old 
ones.  But  in  1960,  only  37,808  bachelor 
degrees  and  7159  masters  degrees  in 
engineering  were  awarded. 

This  year,  enrollments  of  about 
66,900  engineers  are  reported.  But 
about  half  of  each  class  does  not  make 
it — they  flunk  out,  drop  out,  and  an 
increasing  number  switch  out. 

•  Why  the  decrease? — A  number 
of  theories  have  been  advanced  to  ac- 

count for  the  apparent  drop-off  of  inter- 
est in  engineering. 
First  of  all,  there  was  a  general 

economic  recession  causing  defense  cut- 
backs, which  did  not  bode  well  for  the 

hiring  of  engineers.  This  began  in  1957 
and  undoubtedly  affected  enrollment  of 

engineers  in  1958  and  '59. 

A  great  many  people  believe  that 
the  glamor  of  the  physical  sciences — 
physics,  mathematics,  chemistry,  etc. — 
is  attracting  potential  engineers.  How- 

ever, although  there  has  been  some  lit- 
tle increase  in  these  fields,  it  does  not 

account  for  the  total  drop  in  engineering. 
Another  theory  is  that  the  students 

are  steering  away  from  engineering  be- 
cause they  fear  the  hard  curriculum. 

As  we  continually  are  reminded,  it  is 
getting  harder  and  harder  to  get  into 
and  stay  in  college  at  all,  because  of 
higher  enrollments  and  keener  compe- 
tition. 

Some  educators  believe  that  stu- 
dents shy  away  from  engineering  be- 
cause of  the  emphasis  on  the  study  of 

mathematics.  A  movement  is  under 
way  to  make  the  study  of  mathematics 
easier  and  more  interesting.  But  this 
program  must  start  from  the  early 

grades. Another  belief  is  that  many  capable 
youngsters  are  barred  from  engineering 
or  science  because  of  low  high  school 
grades  or  low  IQ  test  grades.  In  fact, 
however,  some  industrial  psychologists 
say  that  there  is  no  real  evidence  to  sup- 

port the  idea  that  grades  or  IQ's  are measures  of  ability. 
A  study  at  Hughes  Aircraft  Co. 

proved  that  there  was  no  correlation 
between  success  in  jobs  and  previous 

grades. •  What  is  being  done — The  prob- 
lem is  obviously  to  encourage  more 

high  school  graduates,  with  low  or  high 
grades,  to  enter  engineering.  NASA 
sponsors  mailouts  and  displays  (through 
the  National  Education  Association)  on 
space  achievements,  to  high  school 
science  classes  in  the  hopes  of  attracting 
young  people  to  this  field.  Scholarship 
programs  are  set  up  for  promising 
youngsters.  NASA  has  let  a  contract  to 
find  methods  of  identifying  potential 
successful  people,  it  also  is  looking  for 
such  a  device  to  apply  to  high  school level. 

Some  colleges  have  tried  to  "freshen 
up"  the  somewhat  dry  engineering  cur- 

riculum. Yale  University  gives  a  liberal 
arts  course  especially  for  its  engineers. 
The  California  Institute  of  Technology 
sends  its  engineers  to  liberal  arts  schools 
for  three  years,  then  gives  them  two 
years  of  intensive  engineering  training. 
They  hope  this  will  make  engineering 

(Continued  on  page  41) 
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NAVY  RESEARCH 

DEEP-DIVING  BATHYSCAPHE  Trieste  in  an 
oceanographic  test  run  dived  to  37,800  ft., 

the  bottom  of  the  Marianas  Trench. 

Navy  Gives  In-house  Labs  Major  Role 

But  industry  may  benefit 

from  new  redirection  of 

R&D  management;  FY  '63's 
RDT&E  to  top  $1.3  billion 

by  William  Beller 

THE  NAVY  today  is  charting  a 
new  course  for  its  nationwide  complex 
of  in-house  laboratories.  The  goal:  im- 

prove and  streamline  technical  backup 
for  weapon  systems  development. 

The  shift  could  result  in  some  real 
benefits  to  industry. 

For  nearly  four  decades,  in-house 
laboratories  have  acted  as  consultants 
to  the  Navy — taking  on  assignments 
ranging  from  finding  the  sonar  signa- 

tures of  shrimp  to  devising  high-energy 
propellants.  Now  they  are  being  given 
greater  responsibility  in  the  technical 
direction  of  new  programs. 

This  course  is  in  line  with  a  recent 
Defense  Department  directive  designat- 

ing military  laboratories  as  "primary" instruments  in  weapons  development. 
For  the  Navy,  it  means  a  further  down- 

grading of  extra-military  organizations 
on  the  technical  direction  level. 

The  Navy  is  expected  to  ask  for 
about  $237  million  for  basic  and  ap- 

plied research  in  the  Fiscal  Year  1963 

budget — a  13%  increase  over  FY  '62 and  evidence  of  the  bigger  role  granted 
the  laboratories.  Last  year,  the  Navy 
also  sought  a  13%  hike;  it  obtained 
12%. 

Moreover,  Dr.  James  H.  Wakelin, 
Jr.,  assistant  secretary  of  the  Navy  for 
research  and  development,  is  firmly 

committed  to  enhancing  the  service's 
traditionally  strong  in-house  technical 
capability — a  capability  which  dates 
back  to  1908  with  the  opening  of  the 
Naval  Engineering  Experimental  Station 
at  Annapolis,  Md. 

•  Looking  to  industry — Wakelin,  in 
an  interview  this  week,  predicts  that  the 
Navy's  overall  RDT&E  budget  for  FY 
'63  will  be  a  little  higher  than  the  $1.3 
billion  for  FY  '62. One-third  of  the  RDT&E  total  goes 
to  Navy  in-house  labs  and  Wakelin  says 
this  ratio  is  "a  good  one."  Thus,  in  the 
FY  '63  budget,  the  labs  probably  will 
be  funded  at  more  than  $400  million — 
including  about  $90  million  for  the 
Pacific  Missile  Range. 

(Generally,  10%  of  a  laboratory's RDT&E  money  goes  into  contracted 
research.  The  one  major  exception  is 
the  Naval  Research  Laboratory  (NRL) 
where  about  40%  is  earmarked  for 
contractors.) 

Wakelin  is  particularly  concerned 
today  with  expediting  research  projects 
through  in-house  labs  and  into  indus- 

ALWAYS  STRONG  .  .  . 
the  Navy's  R&D  Organization  is  tak- 

ing on  new  importance  to  industry. 
This  Missiles  and  Rockets  Special 
Report  provides  fresh  insight  into 
the  programs,  plans  and  operation 
of  the  far-flung  research  network. 
On  pages  16  and  17  is  the  first 
published  directory  of  the  24  Navy 
in-house  research  facilities  with 
budgets  of  more  than  $1  million; 
further  on,  a  sample  of  tough  prob- 

lems the  Navy  wants  solved. 
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HUGE  CENTRI- FUGE at  Naval 
Air  Development 
Center  conducts 
tests  to  learn  effects 

of  space  flight  on the  human  body. 
Simulated  flights 

for  X-I5  pilots  were 
made  at  this  facil- 
ity. 

try.  For  example,  he  said,  the  ocean- 
ographic  instrumentation  program  now 
has  been  blocked  out  and  the  specifica- 

tions written.  Here  is  an  opportunity 
for  industry  to  move  in  on  the  ground 
floor,  even  though  initial  funding  is 
small  ($1.5  million  in  FY  '62,  $46 
million  programed  for  the  decade). 

"They  should  have  the  job,"  he  said. 
"We  want  them  to  take  it.  It's  firm 
Navy  policy." On  major  assignments,  Wakelin 
said,  the  in-house  labs  will  be  doing 
more  technical  contracting  and  monitor- 

ing to  speed  R&D  into  hardware. 
•  Decisions  on  the  spot — He  cited 

current  experience  in  developing  the 
Mark  46  torpedo  under  the  technical 
direction  of  the  Naval  Ordnance  Test 
Station  (NOTS).  Both  the  Navy  and 
Aerojet-General  Corp.,  the  prime  con- 

tractor, agree  that  sizable  savings  in 
time  and  money  are  expected  to  accrue 
as  more  technical  decisions  are  made  in 
their  own  backyard,  without  first  being 
drawn  through  a  Washington  bureau. 

At  the  same  time,  the  Washington 
bureaus  retain  policy  and  fiscal  respon- 

sibility for  all  Navy  contracts. 
On  a  dollar  basis,  only  one-third 

of  the  RDT&E  contracts  are  monitored 
by  the  bureaus,  and  the  remaining  two- 
thirds  by  in-house  laboratories.  "We 
have  to  have  very  strong  and  improved 
in-house  capabilities  to  understand  cur- 

rent advances  in  the  technical  art,  and 
to  take  advantage  of  them  to  cut  down 
lead  time,"  Wakelin  reasoned. 

The  Secretary  aims  to  give  signifi- 
cantly more  money  to  the  laboratories 

for  in-house  basic  research — even  if  it 
means    taking    from    other  activities. 

Observing  that  the  investment  of  rela- 
tively small  amounts  of  money  in  un- 

directed work  has  paid  generous  div- 
idends, Wakelin  advocates  giving  Navy 

scientists  "more  freedom  to  do  basic 
research,  more  money  for  pure  think- 

ing." However,  he  contracted  the  scope 
of  his  recommendation  by  adding  that 
scientists  should  do  their  thinking 
within  the  framework  of  the  mission  of 

the  laboratory  in  which  they're  working. 
In  the  overall  picture,  Wakelin  says, 

the  prime  object  of  the  Navy's  1958 
management  changes  in  RDT&E — 
establishment  of  R&D  on  an  Assistant 

Secretary's  level,  and  merging  two bureaus  into  the  Bureau  of  Naval 
Weapons — is  to  bring  the  Assistant 
Secretary's  Office  and  the  working  labo- ratories closer  together. 

The  Secretary  said  no  new  major 
missile  projects  will  be  started  in  FY 
'63,  and  he  indicated  that  there  are 
still  enough  major  R&D  problems  to 
keep  the  service  busy.  "Although  we're much  better  off  in  ASW  than  five  years 
ago,   detection   and   classification  (of 

Navy's  RDT&E  Budget  for  FY  '62 (millions  of  dollars) 

Item Amount  (est.) 

%  of  total 
Development 

$778 
59 

Test  &  Evaluaton 323 

25 

Applied  research 142 

11 

Basic  research 68 5 
Total 

$1311 
100 

submarines)  remain  the  big  problems." He  noted  that  the  Navy  has  ASW  leads 
that  are  showing  some  promise. 

•  RDT&E  flow  diagram— The  As- 
sistant Secretary  of  the  Navy  (Research 

and  Development)  is  responsible  for  the 
Navy's  RDT&E  program,  including  the 

appropriation. Vice  Adm.  John  T.  Hayward, 
Deputy  Chief  of  Naval  Operations 
(Development),  coordinates  the  opera- 

tional requirements  for  new  weapons 
and  equipment  and  issues  them  to  the 
Navy  bureaus.  He  also  coordinates  the 
overall  Navy  RDT&E  program  for  the 
Chief  of  Naval  Operations. 

The  Navy's  research  program  is  co- 
ordinated by  Rear  Adm.  L.  D.  Coates, 

Chief  of  Naval  Research,  who  directs 
the  Office  of  Naval  Research. 

Both  Admiral  Hayward  and  Ad- 
miral Coates  work  very  closely  with 

the  Office  of  the  Assistant  Secretary 
for  R&D. 

Detailed  execution  of  the  RDT&E 

program  belongs  to  the  Navy's  seven bureaus  and  offices,  and  the  Marine 
Corps.  A  large  part  of  the  program  is 
carried  out  "in  house"  by  the  Navy's laboratories  and  field  activities.  At  the 
present  time,  these  comprise  34  Navy- 
owned  and  operated  activities  and 
eight  Navy-owned  and  contractor-oper- ated facilities. 

•  Why  in-house  laboratories? — The 
in-house  laboratories  put  the  Navy's 
needs  into  a  framework  industry  can 
use.  This  function  goes  far  beyond 
rewording  directives:  it  encompasses 
doing  or  monitoring  the  basic  and  ap- 

plied research  needed  to  show  that  a 
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pertinent  idea  is  feasible  and  practical 
— and  then  helping  industry  develop 
and  use  it. 

As  an  example,  one  segment  of  U.S. 
industry  does  about  $16  million  worth 
of  business  annually  in  the  manufacture 
of  a  new  family  of  high-temperature 
greases.  The  Navy  holds  the  patents 
on  these  greases,  through  research 
done  at  NRL,  but  has  granted  royalty- 
free,  non-exclusive  manufacturing  rights 
to  qualifying  companies. 

This  is  one  of  a  number  of  in- 

stances supporting  NRL's  contention 
that  "we  do  not  compete  with  industry." 
Dr.  R.  M.  Page,  the  Laboratory's  re- 

search director,  maintains  that  "We  are 
actually  one  of  the  greatest  sources  of 
industrial  wealth  in  this  country  in 
terms  of  people  and  research." 

He  told  M/R  that  NRL— largest  of 
the  Navy's  laboratories — exists  not  only 
for  the  Navy  but  also  for  its  contrac- 

tors. "We  will  give  free  consulting  serv- 
ice to  anybody  who  has  official  need 

for  it." 
•  DOD  for  stronger  labs  —  The 

Navy's  move  to 
strengthen  its  labo- 

ratories is  backed 
by  Defense.  More 
is  involved  than  fa- 

cilities, salaries  and 
scientists'  morale — 
important  as  they 
are.  The  laborato- 

ries' basic  mission 
has  been  put  into 
focus. 

"(They)  shall 
be  used  as  a  pri- 

mary means  of  car- 

these  broad  reasons  for  wanting  strong 
in-house  laboratories,  there  are  some 
hard-headed  Navy  ones. 

—A  private  company  may  not  have 
the  facilities  to  do  the  job  the  service 
wants — and  may  be  loath  to  get  them 
because  they're  too  expensive. 

When  the  Navy  wanted  very  low 
drag  and  highly  stable  hydrodynamic 
shapes  for  an  advanced  family  of  nu- 

clear submarines,  the  only  place  the 
service  could  go  for  help  was  David 
Taylor  Model  Basin.  This  facility  houses 
the  "instant  ocean,"  latest  in  a  series 
of  major  new  hydrodynamic  facilities 
developed  in  the  wake  of  the  nuclear 
submarine. 

Out  of  the  Basin's  work  emerged 
the  Albacore  profile,  which  increased 
the  maximum  underwater  speed  of  U.S. 
submarines  so  substantially  that  they 
are  considered  the  fastest  in  the  world today. 

—Sometimes  industry  won't  handle 
a  job  for  the  Navy. 

"From  1947  to  1950  we  couldn't 
get  industry  to  even  look  at  our  prob- 

WAKELIN 
Assis/anf    Navy  Secretary 

for  R&D 

rying  out  Defense 
Department  pro- 

grams," Defense  Secretary  Robert  S. 
McNamara  instructed  Harold  Brown, 
Director  of  Defense  Research  and  Engi- 

neering, last  October. 
In  view  of  their  mission,  the  labora- 

tories perform  three  essential  services 
for  Defense. 

—They  watch  the  advances  made 
in  the  technical  fields  to  see  if  any  of 
the  arising  ideas  can  be  used  by  the 
military.  Moreover,  they  must  let  their 
technical  problems  be  known  to  indus- 

try, which  in  turn  may  want  to  help 
solve  them. 

—They  must  have  competent  men 
and  facilities  enabling  them  to  supply 
Defense  with  objective  help  in  solving 
technical  and  scientific  problems;  must 
have  the  ability  to  recommend  what 
work  is  to  be  done  by  industry  and  be 
able  to  monitor  it. 

—The  laboratories  must  also  act  as 
schools  to  help  train  military  officers 
in  technical  affairs. 

•  Navy's  reasons — In  addition  to 

HAYWARD 
Deputy   Chief   of  Opera- tions (Development) 

lems,"  a  highly  placed  bureau  official 
told  M/R.  He  complained  about  one 
giant  research  organization  which 
"wouldn't  be  bothered  with  the  Navy 
because  the  concern  had  so  much  other 
work  to  do,  and  besides,  was  reorienting 
itself  after  World  War  II." 

—The  program  the  Navy  is  prepar- 
ing may  be  so  new  that  the  service  has 

to  do  some  in-house  studying  even  to 
liefine  the  problems  involved. 

Admiral  Coates  points  out  that  in 
1 947  no  one  knew  that  the  Navy  would 
need  a  long-range  ballistic  missile  pow- 

ered by  solid  chemical  fuel.  Neverthe- 
less, ONR  started  a  broad  research  pro- 

gram to  find  a  family  of  high-energy 
propellants  with  a  wide  range  of  physi- 

cal and  chemical  properties. 
Initial  study  showed  that  a  self- 

combustible  plastic  was  needed;  and 
basic  chemical  knowledge  developed 
after  three  years  of  research  (in-house 
and  contracted)  resulted  in  the  nitro- 

polymers.  "The  advent  of  a  practical 
Polaris  missile  today  has  come  about 
because  of  (this)  research  started  in 
1947,"  says  the  Admiral. 

—Even  though  the  facilities  needed 
to  solve  some  of  the  Navy's  problems 
may  be  costly,  industry  might  spend  the 
money  if  some  commercial  return  were 
foreseen,  such  as  airplanes  for  the  air- 

lines; unfortunately,  however,  many  of 
the  service's  problems  are  uniquely military. 

The  specialized  facilities  at  NOTS 
helped  enormously  in  developing  the 
Sidewinder  air-to-air  missile.  One  of 
these  facilities  is  an  environmental  test 
laboratory  with  a  chamber  able  to 
simulate  a  climb  to  50,000  feet  in  five 
minutes  and  a  dive  back  to  sea  level 
in  33  seconds. 

The  NOTS  aeroballistics  laboratory 
uses  23  pairs  of  precision  cameras  to 
record  the  flight  of  objects  traveling  at 
ultrasonic  speeds.  And  the  facility  has 
a  supersonic  research  track  four  miles 
long  for  captive  flight-testing  of  missiles, rockets  and  some 

full-scale  aircraft 
at  speeds  up  to 3500  fps. 

The  Naval  Ra- diological Defense 
Laboratory  is  an- other example  of 
the  Navy's  unique 
facilities.  It  is  con- 

cerned only  with 
studying  the  effects 
of  radiation  on 
men  and  material, 

and  for  this  pur- 

pose has  a  two-mil- lion-electron-volt 
Van  de  Graff  accel- erator as  a  primary 

source  of  experiments. 
The  Navy's  extensive  program  in 

oceanography  continuously  calls  upon 
the  specialized  talents  of  many  of  its 
laboratories.  The  Navy  Electronics 
Laboratory  has  been  operating  the  deep- 
diving  bathyscaphe  Trieste.  Last  July, 
the  craft  was  piloted  down  to  37,800 
ft.,  to  the  bottom  of  the  Marianas 
Trench.  This  submergence  marked  the 
first  step  into  a  new  area  of  oceano- 
graphic  research. 

•  Almost  $1  billion  for  oceano- 
graphy— To  finance  a  major  research 

effort,  much  of  which  will  be  handled 
and  directed  through  in-house  labora- 

tories, the  Navy  will  be  pressing  to  get 
over  $900  million  between  now  and 
1970  in  order  to  learn  more  about  the 
ocean.  One  reason  for  the  dimensions 
of  this  effort  is  clear:  the  Navy  has  the 
tough  problem  of  finding  enemy  sub- 

(Continued  on  page  38) 
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The  Far-flung  Navy  Research  Network 

THE  NAVY'S  RDT&E  program  is  carried 
out  by  seven  bureaus  and  offices,  and  by  the 

Marine  Corps. 

In-house  laboratories  act  as  technical 

consultants  on  the  program  and,  on  a  dollar 

basis,  monitor  about  two-thirds  of  the  con- 
tracts. 

Listed  below  are  all  of  the  Navy's  in- 
house  research  facilities  which  have  an 

RDT&E  budget  greater  than  $1  million. 

NAVAL  ORDNANCE  TEST  STATION,  China  Lake,  Calif.  Commander-. 
Capt.  Charles  Blenman,  Sr.  Technical  Director:  Dr.  W.  B.  McLean.  Pro- 
fessional  Personnel:  1 230.  Mission.-  Conduct  research,  design,  develop- 

ment, limited  production,  test  and  technical  evaluation  of  ordnance 
materials,  components,  assemblies  and  systems,  principally  in  the  fields 
of  rockets,  guided  missiles,  underwater  ordnance,  and  aircraft  fire 
control.  Budget:  $54,659,000. 

NAVAL  RESEARCH  LABORATORY,  Main  Laboratory:  Washington. 
Commanding  Officer  and  Director-.  Capt.  A.  E.  Krapf.  Director  of  Re- 

search: Dr.  Robert  M.  Page.  Professional  Personnel:  1200.  Mission: 
Under  the  direction  of  the  Chief  of  Naval  Research,  conducts  scientific 
research  and  development  in  physical  and  related  sciences  toward  new 
and  improved  materials,  equipment,  techniques,  and  systems.  More  than 
any  other  research  establishment  of  the  Armed  Forces,  the  scope  of 
NRL  is  broad  and  directed  toward  long-range  projects.  Effort  is  grouped 
into  three  major  fields:  electronics,  materials,  and  nucleonics,  with  sev- 

eral divisions,  including  radar,  radio,  electronics,  metallurgy,  mechanics, 
atmosphere,  astrophysics,  and  radiation,  and  numerous  branches  sub- 

ordinated to  these  divisions.  Budget:  $41,319,000. 

NAVAL  ORDNANCE  LABORATORY,  White  Oak,  Md.  Commanding 
Officer.-  Capt.  W.  D.  Coleman.  Technical  Director:  Dr.  G.  K.  Hartman. 
Professional  Personnel:  1024.  Mission-.  Conduct  research,  design,  devel- 

opment, test  and  technical  evaluation  of  complete  ordnance  systems, 
assemblies,  components  and  materials  pertaining  to  existing,  advance 
and  proposed  weapons,  principally  in  the  fields  of  missiles  and  under- 

water ordnance;  conduct  research  in  the  ordnance  sciences.  Programs- 
NOL  White  Oak  is  the  Navy's  leading  laboratory  in  the  fields  of  aero- ballistics,  acoustics,  explosives  and  magnetic  materials  research.  It  is 
engaged  in  development  of  missiles,  nuclear  weapons,  mines,  depth 
charges,  fuzes  (rotating),  bombs,  pyrotechnics  and  explosives.  Aerobal- 
listics  facilities  are  used  for  missile  research  for  all  three  services. 
Budgef.  $29,928,000. 

NAVAL  AIR  MATERIAL  CENTER,  Philadelphia.  Commanding  Officer. 
Capt.  J.  D.  Arnold.  Professional  Personnel:  433.  Mission-.  Conduct  re- 

search, design,  development,  manufacture,  test  and  evaluation  of  oreo- 
nautical  accessories,  powerplants,  air  crew  safety  devices,  equipment, 
structures,  and  materials;  conduct  research  engineering,  design,  proto- 

typing, development,  limited  production  and  maintenance  of  launching 
and  recovery  devices.  Budget:  $26,171,000. 

NAVAL  AIR  DEVELOPMENT  CENTER,  Johnsville,  Pa.  Commanding 
Officer-.  Capt.  H.  L.  Leon.  Chief  Scientist:  Dr.  H.  Krutter.  Professiona/ 
Personnel:  564.  Mission:  Conduct  research,  design,  development,  test 
and  evaluation  of  naval  air  system  and  components,  with  major  empha- 

sis on  broad  categories  and  combat  air,  air  defense  and  ASW;  conduct 
research  studies  in  field  of  aviation  medicine.  Budgef:  $22,721,000. 

DAVID  TAYLOR  MODEL  BASIN,  Carderock,  Md.  Commanding  Officer 
and  Director:  Capt.  J.  A.  Obermeyer.  Technical  Directors:  Dr.  Karl  E. 
Schoenherr,  Hydromechanics  Lab;  Dr.  A.  H.  Keill,  Structural  Mechanics 
Lab;  Dr.  Harry  Polacheck,  Applied  Math.  Lab.  Professional  Personnel: 
404.  Mission:  Conduct  fundamental,  applied  and  developmental  research 
to  develop:  designs  for  naval  ships  which  have  minimum  resistance, 
satisfactory  maneuverability  and  maximum  propulsion  efficiency  for  given 
military  characteristics;  design  propellers  for  naval  ships  and  torpedoes; 
efficient  structures  of  ships;  such  countermeasures  as  may  be  assigned; 
means  for  the  protection  of  submarines  and  surface  ships  from  the  effects 
of  underwater  explosions;  solve  various  other  problems  related  to  the 
foregoing,  such  as  noise  elimination  and  the  reduction  of  vibration; 
perform  developmental  tests  of  aircraft,  guided  missiles,  and  their  com- 

ponents to  determine  aerodynamic  characteristics  and  rectify  deficiencies; 
and  operate  the  Applied  Mathematics  Laboratory  in  a  program  of  re- 

search in  mathematical  analysis  and  computer  techniques  involving  the 
use  of  high-speed  automatic  computing  machinery.  Budget:  $21,483,000. 

NAVAL  AIR  TEST  CENTER,  Patuxent  River,  Md.  Commander:  Rear  Adm. 
P.  H.  Ramsey.  Commanding  Officer:  Capt.  J.  Vose.  Professional  Person- 

nel: 174.  Mission-.  Test  and  evaluation  of  all  Navy  and  Marine  Corps 
aircraft,  plus  Army  aircraft  as  may  be  assigned,  and  their  components. 
Budget:  $16,578,000. 

NAVY  ELECTRONICS  LABORATORY,  San  Diego.  Commanding  Officer 
and  Director:  Capt.  E.  B.  Herold.  Technical  Director-.  Dr.  J.  J.  Christensen, 
Professional  Personnel:  355  civilian  research  professionals.  Mission 
Conduct  research,  development,  and  tests  in  electronics  and  related  fields 
of  engineering  and  science,  including  radio,  radar,  sonar,  oceanography, 
and  instrumentation  for  and  analysis  of  environmental  weapons  effect 
and  human  factors;  and  provide  consultative  service  and  sea-test  facili- 

ties as  authorized  for  the  Fleet,  for  Navy  contractors  and  for  other 
agencies  of  the  Department  of  Defense.   Budget.  $14,812,000. 

NAVAL  ORDNANCE  LABORATORY,  Corona,  Calif.  Commanding  Offi- 
cers: Capt.  W.  R.  Kurtz,  Capt.  F.  W.  Garrison.  Technical  Director:  Dr.  F. 

Atchison.  Professional  Personnel:  4620.  Mission:  Conduct  research,  anal- 
ysis, feasibility  studies,  development,  design,  engineering,  testing, 

evaluation,  inspection  and  surveillance  relating  to  ordnance  materials, 
assemblies,  and  systems  principally  in  the  field  of  guided  missiles  and 
related  electronic  devices;  support  the  Fleet  in  the  introduction  of  new 
weapons  by  providing  instruction,  evaluation  and  consultative  service. 
Programs:  Technical  direction  of  the  Navy's  guided  missile  fuze  research and  development  program;  missile  performance  analysis,  design  and 
conduct  of  missile-quality  assurance  programs;  missile  counter-counter- 
measures  development;  research  in  infrared,  solid-state  polymers.  Budget: 
$11,230,000. 
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NAVAL  WEAPONS  LABORATORY,  Dahlgren,  Va.  Commanding  Offi- 
cer: Capt.  T.  M.  Morton.  Technical  Director:  Dr.  R.  H.  Lyddane.  Profes- 

sional Personnel:  393.  Mission:  Conduct  research,  development,  design 
and  technical  evaluation  of  programs  dealing  with  weapons,  ballistics, 
ordnance,  and  astronautics,-  serve  as  prime  agency  of  the  Bureau  of 
Weapons  in  the  field  of  computation  and  data  processing.  Budget: 
$9,795,000. 

NAVY  MISSILE  CENTER,  Pt.  Mugu,  Calif.  Commander.-  Capt.  K.  C. 
Childers.  Deputy  Director:  Don  Sullivan.  Professional  Personnel:  180. 
Mission:  Conduct  test  and  evaluation  of  guided  missiles,  their  components 
and  weapon  systems;  provide  services  and  support  to  PMR;  provide  sup- 

porting services  pertaining  to  planning,  development,  evaluation  and 
training  in  the  field  of  astronautics  and  bio-science.  Budget:  $9,074,000. 

NAVY  UNDERWATER  SOUND  LABORATORY,  New  London,  Conn. 
Commanding  Officer  and  Director:  Capt.  B.  H.  Andrews.  Technical  Direc- tor: Dr.  J.  W.  Horton.  Professional  Personnel:  222.  Mission:  Conduct 
research  development,  system  studies,  and  engineering  evaluation  in  the 
fields  of  sonar,  radio,  radar,  infrared,  and  related  physical  sciences; 
provide  technical  assistance  and  consultation  to  the  Forces  Afloat,  Naval 
Shore  activities,  including  other  Naval  laboratories,  and  government 
contractors  in  problems  of  mutual  concern.  Budget:  $8,248,000. 

MATERIAL  LABORATORY,  Brooklyn,  N.Y.  Commanding  Officer  and 
Director-.  Capt.  I.  F.  Fike.  Technical  Director:  Dr.  G.  J.  Dashefsky.  Pro- 

fessional Personnel:  416.  Mission:  Conduct  research,  development,  ana- 
lytical testing,  evaluation,  inspection  and  standardization  in  the  fields 

of  electrical  and  mechanical  engineering,  chemistry,  metallurgy,  and 
physics,  including  such  specialties  as  acoustical  studies,  vibration  and 
shock,  navigational  instruments  and  gyro  dynamics;  provide  miscellane- 

ous materials,  equipment  and  their  installation  including  the  testing  of 
electronic  items  and  certain  electrical  equipment,  such  as  storage  bat- 

teries for  use  in  the  propulsion  of  submarines;  perform  technical  evalu- 
ation development,  acceptance  testing,  and  consulting  services,  including 

torsional  vibration  aboard  vessels  and  in  laboratories.  Budget:  $8,200,000. 

NAVAL  UNDERWATER  ORDNANCE  STATION,  Newport,  R.I.  Com 
monding  Officer-.  Capt.  H.  H.  Brandt.  Technical  Director.-  Dr.  G.  Gould. 
Professional  Personnel:  157.  Mission:  Conduct  research,  development, 
test  and  evaluation  of  underwater  weapons,  systems,  assemblies,  com- 

ponents and  materials;  receive,  recondition,  store  and  issue  torpedoes, 
fire  control  subassemblies  and  related  materials.  Programs:  Underwater 
ordnance-supporting  research  is  directed  toward  improved  propellants, 
back-pressure  reduction  devices,  noise  reduction,  powerplant  design, 
guidance  and  explosive  echo  ranging;  in-service  engineering  support 
in  fire  control,  launchers  and  torpedoes.  Budget:  $7,312,000. 

NAVAL  AIR  TURBINE  TEST  CENTER,  Trenton,  NJ.  Commanding  Offi- 
cer.- Capt.  N.  O.  Wittman.  Professional  Personnel:  61.  Mission:  Conduct 

tests  and  evaluation  of  aircraft  gas  turbine  engines  and  their  compo- 
nents. Budget:  $5,449,000. 

NAVAL  ENGINEERING  EXPERIMENTAL  STATION,  Annapolis,  Md. 
Commanding  Officer  and  Director:  Capt.  F.  H.  Huron.  Technical  Director. 
H.  V.  Nutt.  Professional  Personnel:  185.  Mission-.  Conduct  applied  re- 

search, development,  investigations,  evaluations,  and  tests  in  the  fields 
of  physics,  chemistry,  metallurgy,  and  electricity,  with  respect  to  marine 
engineering  equipment,  materials,  and  processes,  with  particular  empha- 

sis on  propulsion  machinery,  and  its  auxiliaries;  investigate,  analyze, 
and  determine  causes  of  machinery  failures  occurring  In  the  Fleet  and 
make  recommendations  for  corrective  action.  Budget:  $5,184,000. 

NAVY  MINE  DEFENSE  LABORATORY,  Panama  City,  Fla.  Commanding 
Officer  and  Director-.  Capt.  W.  C.  Bennett,  Jr.  Technical  Director:  Dr. 
Norman  H.  Jasper.  Professional  Personnel-.  151.  Mission:  Conduct  in- 

vestigations, development  and  evaluations  to  provide  defense  against 
mines  and  torpedoes;  conduct  applied  research  in  applicable  related 
physical  sciences.  Budget:  $4,348,000. 

NAVAL  TRAINING  DEVICE  CENTER,  Port  Washington,  N.Y.  Command- 
ing Officer  and  Director:  Capt.  E.  E.  Knapp.  Technical  Director-.  John  F. 

Bodenburg.  Professional  Personnel:  160.  Mission:  Develop  advanced 
training  equipment  to  aid  naval  personnel  in  achieving  a  peak  of 
combat  readiness;  in  addition,  NTDC  does  much  of  the  development  for 
the  Army's  training  devices  and  also  some  Air  Force  work.  Budget: $4,115,000. 

NAVAL  RADIOLOGICAL  DEFENSE  LABORATORY,  San  Francisco. 
Commanding  Officer  and  Director:  Capt.  E.  B.  Roth.  Technical  Director-. 
Dr.  Eugene  P.  Cooper.  Professional  Personnel:  237.  Mission:  Conduct 
basic  and  applied  research  on  the  physical  and  biological  effects  of 
hazardous  nuclear  and  thermal  radiations,  including  interrelated  effects 
such  as  shock  or  blast  and  the  dispersion  and  contaminating  effects  of 
fission  products  resulting  from  a  nuclear  explosion  or  from  controlled 
nuclear  processes;  develop  and  evaluate  radiac  devices  and  shielding 
equipment  or  materials  for  protection  of  personnel,  reclamation  or  de- 

contamination procedures  for  shipboard,  aircraft,  and  land  areas;  pre- 
pare data  for  training  information  required  by  the  military  services, 

including  assistance  to  other  federal  agencies  and  government  con- 
tractors in  the  fields  of  nuclear  and  radiological  warfare;  and  develop 

the  use  of  radioisotope  and  other  tracer  techniques  in  the  above  tech- 
nological fields.  Budget-.  $3,680,000. 

NAVAL  CIVIL  ENGINEERING  LABORATORY,  Port  Huenene,  Calif. 
Commanding  Officer  and  Director:  Capt.  Arthur  B.  Chilton,  Jr.  Technical 
Director:  E.  M.  MacCutcheon.  Professional  Personnel:  126.  Mission:  Con- 

duct research  development  and  proof  tests  as  assigned  by  BuDocks 
equipment  for  use  at  Advanced  Bases  and  Shore  Activities,  and  in  amphi- 

bious operations;  as  assigned  by  BuDocks,  develop  techniques,  equipment, 
material  and  structures  best  suited  for  the  construction,  maintenance  and 
operation  of  shore  and  shore-type  activities  of  the  Naval  Establishment. 
Budget:  $3,174,000. 

NAVAL  MEDICAL  RESEARCH  INSTITUTE,  Bethesda,  Md.  Commanding 
Officer:  Capt.  John  R.  Seal.  Technical  Director-.  Dr.  Ralph  M.  Muckenfuss. 
Professional  Personnel:  76.  Mission-.  Conduct  basic  and  applied  re- 

search and  development  concerned  with  the  health,  safety  and  efficiency 
of  Naval  Personnel.  Budget-.  $1,402,000. 

VIEW  INTO  world's  largest  hyperbalUstic  range.  Located  at 
the  Naval  Ordnance  Laboratory,  the  JOOO-ft.-long  range  tests 
models  up  to  2.5-in.  diameter  at  speeds  up  to  Mach  13. 

NAVAL  BOILER  AND  TURBINE  LABORATORY,  Philadelphia.  Com 
manding  Officer  and  Director.  Cmdr.  H.  S.  Morton.  Technical  Director. 
none.  Professional  Personnel:  60.  Mission:  Conduct  applied  research, 
development,  investigation  and  full-scale  tests  of  boilers,  fuel  oils,  re- 

fractories, turbines,  engines,  reduction  gears  and  associated  auxiliary 
machinery  and  equipment  comprising  the  main  propulsion  systems  of 
ships,-  conduct  applied  research,  development,  investigations,  and  tests 
of  specialized  devices  and  instruments  required  by  main  propulsion 
systems  of  ships  and  for  their  sea  trials;  develop  associated  design 
criteria  and  specifications;  investigate  related  problems  in  the  fields  of 
machinery,  noise,  vibration,  and  heat  balance  of  main  propulsion  sys- 

tems. Budget:  $1,327,000. 

NAVAL  SUPPLY  RESEARCH  AND  DEVELOPMENT  FACILITY,  Bayonne, 
N.J.  Officer-in-Charge.-  Capt.  Herman  Strock.  Sr.  Scientific  Advisor:  Dr. 
C.  S.  Schoman.  Professional  Personnel:  147.  Mission-.  Perform  research 
and  development  in  supply  engineering,  commissary  operations  and 
clothing  and  textiles;  supply  engineering  research  and  development  en- 

compasses packaging,  preservation  warehousing,  car  and  truck  loading, 
shiploading,  ship-to-ship  cargo  handling,  submarine  cargo  handling, 
amphibious  cargo  handling,  underway  replenishment  by  helicopter, 
submersible  fuel  storage  facilities,  layout  and  design  of  storage  spaces 
for  types  of  naval  vessels  and  test  and  evaluation  of  naval  laundry 
equipment.  Budget:  $1,297,000. 

NAVAL  PERSONNEL  RESEARCH  FIELD  ACTIVITY,  Washington.  Offi- 
cer-in-Charge-. Cmdr.  C.  F.  Johnston.  Research  Personnel:  100.  Mission.- 

As  assigned  by  the  Chief  of  Naval  Personnel,  conducts  in-service  research 
projects,  and  monitors  contract  research,  in  Naval  Personnel  administra- tion management.  Budget:  $1,037,000. 
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Basic  Problems  Industry  Can  Tackle 

THE  NAVY'S  bureaus  and  laboratories  are  actively 
looking  to  industry  for  help  in  solving  some  sticky  research 
problems. 

The  following  list  gives  a  sample  of  the  pertinent  prob- 
lems the  Navy  is  seeking  to  answer  both  through  its  own 

efforts  and  those  of  potential  contractors. 
Proposed  solutions,  supported  by  test  data,  should  be 

submitted  to  the  appropriate  bureau  for  evaluation  for 
possible  additional  study  effort. 

The  Navy  says  proposed  solutions  should  demonstrate 
that  an  answer  to  a  specific  problem  is  at  hand  or  that  a 
worthwhile  approach  has  been  sufficiently  explored  to  show 
a  "high  probability  of  success." 

A  fuller  listing  and  description  of  the  research  problems 
the  Bureau  of  Naval  Weapons  wants  solved  may  be  obtained 
from  Chief,  Bureau  of  Naval  Weapons,  Department  of  the 
Navy,  Washington  25,  D.  C,  attn:  Code  RREN-1;  and  ask 
for  NAVWEPS  Report  7682,  Volume  1. 

There  is  also  a  secret  version  of  the  report  which  can  be 
obtained  with  a  need-to-know. 

More  data  on  the  research  problems  of  the  Bureau  of 
Ships,  Medicine  and  Surgery,  Supplies  and  Accounts,  and 
Yards  and  Docks,  can  be  found  in  a  copy  of  "Navy  Research 
and  Development  Problems,"  obtainable  from  the  Chief  of 
Naval  Material,  Department  of  the  Navy,  Washington  25, 
D.C.,  Attn:  Code  M42. 

MATERIALS 

PROBLEM  (BuWeps):  Develop  O-rings 
and  lubricants  that  are  mutually  compat- 

ible at  high  speeds  and  temperatures,  or 
develop  O-rings  that  do  not  require  lubri- 

cation. Conditions  of  use  are:  a)  Tempera- 
ture up  to  2200 °F;  b)  Pressures  up  to 2000  psi;  c)  Rubbing  speeds  of  300  fps. 

BACKGROUND:  Many  lubricants  in  cur- 
rent use  are  composed  largely  or  entirely 

of  synthetic  materials.  While  these  syn- 
thetic lubricants  provide  satisfactory  lu- 

brication and  corrosion  prevention,  they 
have  a  deteriorating  effect  on  rubber  and 
synthetic  materials. 

PROBLEM  (BuWeps):  Develop  a  hydrau- 
lic fluid  with  the  following  characteristics: 

a)  Non-flammable;  b)  Adequate  in  lubricat- 
ing properties;  c)  Chemically  stable  at  high 

temperatures;  d)  Chemically  inert  with  re- 
spect to  organic  materials  used  for  packing, 

seals,  gaskets,  and  coatings;  e)  Non-toxic; 
f)  Non-foaming;  g)  Possessing  high  vis- 

cosity index;  h)  Possessing  low  pour  point; 
i)  Possessing  good  heat  transfer  properties; 
j)  Possessing  low  compressibility. 
BACKGROUND:  The  fluids  specified  by 
the  Bureau  of  Naval  Weapons  for  use  in 
hydraulic  power  and  control  systems  are 
currently  of  the  petroleum-base  type  and 
contain  additives  to  improve  certain  of 
their  chemical  and  physical  properties.  For 
example,  present  hydraulic  fluids  contain 
inhibitors  to  protect  metal  parts  from 
water,  but  these  inhibitors  are  not  efficient 
corrosion  preventives  for  long-term  storage 
and  provide  only  temporary  protection  in 
drained  systems  where  only  a  thin  film  of 
fluid  remains. 

PROBLEM  (BuWeps):  Develop  a  method 
for  coating  very  fine  glass  fibers  with 
metal,  in  situ  as  the  fibers  are  formed,  with 
a  high  degree  of  adhesion  between  metal 
and  glass.  The  metal  thickness  should  be 
selective  in  the  range  0.1  to  1  mil  and  the 
18 

usable  metals  should  include  at  least  alu- 
minum and  nickel. 

BACKGROUND:  There  is  ample  evidence 
that  microscopic  surface  imperfections  in 
glass  fibers  are  a  major  factor  in  their  pre- 

mature failure.  There  is  growing  evidence 
that  a  tightly  bonded  thin  metal  film  may 
minimize  this  deleterious  effect. 

PROBLEM  (BuWeps):  Develop  thermal 
protection  techniques  to  extend  the  use  of 
existing  primary  structural  materials  into 
a  hypersonic  environment  during  sustained 
flight. 
BACKGROUND:  It  is  desirable  to  use 
aluminum,  magnesium,  and  steel  in  air- 

frames of  Mach  10  vehicles.  This  neces- 
sitates development  of  thermal  protection 

techniques  for  these  metals. 

PROBLEM  (BuShips):  Develop  a  tech- 
nique for  welding  titanium  to  other  metals, 

in  particular,  steel. 
BACKGROUND:  There  is  at  present  no 
known  method  for  directly  welding  titan- 

ium to  other  metals.  The  use  of  an  inter- 
mediate material  has  been  suggested  as  a 

possible  means  to  accomplish  joining,  but 
as  yet  no  satisfactory  material  has  been 
developed. 

PROBLEM  (BuSanda):  A  non-combustible 
impermeable  coating  is  required  for  fabric 
to  protect  handlers  of  liquid  rocket  fuels 
and  oxidizers. 
BACKGROUND:  Vinyl  impregnated  fiber 
glass  fabrics  offer  inadequate  protection. 
Modified  butyl  coatings  give  acceptable 
protection  from  penetration  by  corrosive 
liquids  but  support  combustion. 

PROBLEM  (BuWeps):  Develop  inexpen- 
sive materials  that  can  be  used  as  infrared 

transmission  elements  (windows).  These 
materials  must  operate  in  adverse  missile 
environments  involving  high  temperature, 
rapid  heating  and  cooling,  and  severe vibration. 

BACKGROUND:  Development  of  infra- 
red detectors  has  outdistanced  development 

of  transmission  elements.  The  only  mate- 
rial currently  available  that  is  satisfactory 

is  sapphire,  which  is  very  expensive.  Sili- 
con is  not  suitable  because  it  becomes 

opaque  at  temperatures  incident  to  Mach 
2  and  3  operations. 

PROBLEM  (BuWeps):  Develop  a  material 
that  is  highly  reflective  to  the  light  spec- 

trum from  infrared  to  ultraviolet,  but 
transparent  to  radio  frequency  radiation. 
BACKGROUND:  The  material  sought  has 
a  major  application  in  the  Navy's  space mission.  It  would  be  used  in  the  fabrica- 

tion of  satellites. 

PROBLEM  (BuShips):  Develop  a  coating 
material  which  will  reduce  the  frictional 
drag  of  underwater  vehicles  such  as  sub- 

marines. It  must  be  suitable  for  applica- 
tion in  a  shipyard,  be  sufficiently  rugged 

1o  withstand  extensive  exposure  to  marine 
environment,  and  provide  corrosion  pro- tection to  the  steel  surfaces. 
BACKGROUND:  A  proprietary  coating 
system  to  meet  the  above  need  is  currently 
under  evaluation,  but  it  is  questionable 
whether  it  can  be  employed  effectively  on 
large  bodies. 

INSTRUMENTATION 

PROBLEM  (BuShips):  Develop  a  device 
or  method  for  measuring  the  speed  of  a 
submerged  submarine  with  respect  to  the 
ocean  bottom.  Extreme  accuracy  at  very 
slow  speeds  (1  or  2  knots)  is  required. 
BACKGROUND:  Methods  are  available 
that  provide  accurate  indications  of  the 
speed  of  a  vessel  through  the  water.  How- 

ever, the  precise  underwater  navigation 
associated  with  missile  launching  opera- 

tions requires  accurate  ground  speed  in- 
formation.   Investigations  should  be  lim- 

(Continued  on  page  38) 
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Missiles  and  Rockets 

PROJECT CONTRACTORS DESCRIPTION STATUS 

FA  (Navy) Navy,  prime;  Avco,  air  frame ASW    surface-to-underwater;    500  lb. 
solid;  conventional 

Deployed  on  destroyer  escorts 

ROC  (Navy) Minneapolis-Honeywell,     prime;  San- 
gamo    Electric,    sonar;    torpedo,  GE; 
depth  charge,  M-H;  Librascope-General Precision,  fire  control 

Surface-to-underwater;  solid  rocket  tor- 
pedo or  depth  charge;  nuclear  or  con- ventional,  range   about   8    miles;  ad- vanced   ASROC    (improved    Mark  44 

torpedo)  under  R&D 

Operational    on    Destroyers  Norfolk, 
Adams,   Dewey   and   Perry;  plans  call 
for  deploying  on   150  destroyers  and 
cruisers 

TOR  (Navy) Westinghouse,  prime ASW  underwater  to  underwater  wire- 
guided  torpedo;  nuclear Operational 

VTLAS  (Air  Force) GD/Astronautics,  prime;  GE/Burroughs, 
Arma,    guidance;    Rocketdyne,  propul- 

sion; GE/Avco,  re-entry  vehicle;  Acous- tica,  propellant  utilization 

ICBM;    more    than    5500-to-7500  mile 

range;    liquid;    nuclear;    ATLAS  "E" series    has    inertial    guidance;  earlier 
ATLAS  "D"  has  radio  inertial;  proposed. 
ATLAS    "G"    would    have  900,000-lb. 
thrust  and  4000-lb.  payload  capability 

109  launchings;  73  successes,  23  partial, 
13  failures;  11  bases  for  13  squadrons; 
operational  at  Vandenberg,  Warren , 
Offutt,  Fairchild  and  Forbes;  total  of  54 
launchers  operational,  ATLAS  F  being 
tested 

5MARC-A  (Air  Force) Boeing,  prime;  IBM/Westinghouse,  guid- ance; Aerojet/Marquardt,  propulsion 
Ramjet  surface-to-air  interceptor;  liquid 
booster;    250    m.    range;    Mach  2.7; 
nuclear 

Five  bases  operational  in  Northeastern 
U.S.  from  Virginia  to  Maine 

BOMARC-B  (Air  Force) Boeing,   prime;  Kearfott/Westinghouse, 
IBM  Guidance;  Thiokol/Marquardt,  pro- 
pulsion 

Ramjet,    surface-to-air;    solid  booster; Mach  2.7;  more  than  400  m.  range; 
nuclear 

Operational;  a  B  test  bird  intercepted 
simulated  target  345  miles  away  Oct. 
14,  1960;  being  deployed  or  operational at  six  U.S.  bases,  two  in  Canada 

JLLPUP  (Navy-Air  Force) Martin,  prime;  Martin,  guidance;  Thio- kol,  Naval  Propellant  Plant,  propulsion; 
Maxson,  second-source  prime 

Air-to-surface;  3-6  mile  range;  conven- 
tional 250-1 000-lb.  bomb;  new  model 

has  pre-packaged  liquid;  nuclear-tipped 
model  nearly  operational;  AF  designa- tion: GAM  83-A  (HE  warhead),  GAM 
83-B  (nuclear) 

Deployed  with  Atlantic  and  Pacific Fleets;  bigger  model  under  R&D;  soon 
operational  with  Air  Force  units.  Marines 
launching  BULLPUP  from  helicopters 

OBRA  (Navy) No  contract  announced Anti-ship  radar  missile Early  R&D 
OBRA  (Marines) Boelkow  Entwicklungen,  West  Germany, 

prime    manufacturer;    Daystrom,  U.S. licensee 

20.2-pound    antitank     missile;    1  mile 
range;  191  mph  speed;  solid  propellant 

Marines  planning  to  purchase;  Army 
considering  them;  already  operational with  West  German  troops 

ORPORAL  (Army) Firestone,    prime;    Gilfillan,  guidance; 
Ryan,  propulsion 

Surface  -  to  -  surface;     75-mile  range; 
liquid;  nuclear 

Deployed  with  U.S.  &  NATO  troops  in 
Europe 

ROW  (Navy) No  contract  announced Air-to-air  missile R&D;  has  been  flight  tested 

t  Indicates  changes  since  November,  1961,  Astrolog 



PROJECT 
★  DAVY  CROCKETT 

(Army) 

ENTAC  (Army) 

★  FABMDS  (Army) 

FALCON  (Air  Force) 

★EAGLET  (Navy) 

GENIE  (Air  Force) 

GIMLET  (Navy) 

HAWK  (Army) 

HONEST  JOHN  (Army) 

HOUND  DOG  (Air  Force) 

JUPITER  (Army) 

LACROSSE  (Army) 

★LAW  (Army) 

LITTLE  JOHN  (Army) 

LULU  (Navy) 

MACE  (Air  Force) 

MATADOR  (Air  Force) 

★MAULER  (Army) 

★MINUTEMAN  (Air  Force) 

M-55  (Army) 

MISSILE  A  (Army) 

MISSILE  B  (Army) 

NIKE-AJAX  (Army) 

CONTRACTORS 

In-house  project  directed  by  Rock  Island, III.,  arsenal 

Nord  Aviation,  prime 

GD/Astronautics,  Hughes,  Martin,  GE, 
Raytheon,   Sylvania — feasibility  studies 
Hughes,  prime;  Hughes,  guidance;  Thio- 
kol,  propulsion 

No  contractors  announced 

Douglas,  prime;  Aerojet-General,  pro- 
pulsion No  contract  announced 

Raytheon,  prime;  Raytheon,  guidance; 
Aerojet- General,  propulsion 

Douglas/Emerson  Electric,  prime;  Her- 
cules, propulsion 

North  American,  prime;  Autonetics,  guid- 
ance; Pratt  and  Whitney,  propulsion 

Chrysler,  prime;  Ford  Instrument,  guid- 
ance; Rocketdyne,  propulsion;  Good- 

year/CTL,  re-entry  vehicle 

Martin,  prime;  Martin,  guidance;  Thiokol 
propulsion 

Hesse-Eastern  Div.,  Flightex  Fabrics, 

prime 
Emerson  Electric,  prime;  Hercules  Powder, 
propulsion 
General  Mills/Naval  Ordnance  Lab, 

prime Martin,  prime;  Goodyear/AC  Spark 
Plug,  guidance;  Thiokol/Allison,  pro- 
pulsion 
Martin,  prime;  Thiokol/Allison,  propulsion 

GD/Pomona,  prime,-  Hughes,  guidance; 
Lockheed,  propulsion,-  DeHaviland,  IR 
acquisition 

Boeing,  major  contractor;  Autonetics, 
guidance;  Thiokol,  propulsion  first  stage; 
Aerojet,  propulsion  second  stage;  Her- 

cules, third  stage;  Avco,  re-entry  vehicle; 
AMF-ACF,  rail  launcher 

Norris  Thermador,  prime 

ARGMA,  prime 

No  contractors  announced 

Western  Electric,  prime;  Western  Elec- 
tric, guidance;  Thiokol,  propulsion;  Doug- las, airframe 

DESCRIPTION 

Surface  to  surface;  solid;  bazooka 
launched;  sub-kiloton  nuclear  warhead; 
two  launchers  of  different  size  for  vari- 

ous ranges;  vehicle  mounted  or  carried 
by  two  men 
Antitank;  6600-ft.  range;  37  lbs.;  HE 
warhead;  wire-guided. 
Mobile  antimissile  defense  system 

Air-to-air;  5-mile  range;  Mach  2;  solid; 
conventional;  GAR- 11  model  has  nuclear warhead 

Cut-down  EAGLE;  air-to-air  for  use  use 
on  TFX  aircraft 
Air-to-air  unguided;  1.5-mile  range; 
nuclear 
Air-to-surface;  unguided; 
highly  accurate 

considered 

Surface-to-air;  22-mile  range;  solid; 
conventional;  designed  to  hit  low- 
flying  planes 

Surface-to-surface;  unguided;  1 2-mile 
range;  nuclear;  5800  lbs.;  ADVANCED 
HONEST  JOHN  has  increased  perform- 

ance, lighter 

Air  breathing  air-to-surface;  500-mile 
range;  Mach  1.7;  turbojet;  nuclear 

IRBM;  liquid;  nuclear;  can  be  made 
mobile 

Surface-to-surface;  highly  mobile;  20 
mile  range;  solid;  nuclear 

Light  antitank  rocket;  carrier  tube 
launcher;  4.5  lbs.;  25  in.  long/3  in. 
diameter 

Surface-to-surface;  unguided; 
range;  solid;  nuclear 

10-mile 

Small  nuclear  depth  charge  air-dropped 
or  launched  by  ASROC 

Air-breathing  surface-to-surface;  more 
than  650- mile  range;  turbojet  &  solid- 
nuclear;  B  model  has  more  than  1 200 mile  range 

Air-breathing  surface-to-surf  a  ce; mile  range 
650 

Surface-to-air;  radar  guidance,-  highly mobile  antiaircraft  and  antimissile  missile 
for  field  use;  on  tracked  vehicle;  12 
missiles  per  launcher 
2nd  generation  ICBM;  solid;  fixed  or 
mobile  aboard  railroad  trains;  nuclear; 
3  stages 

Four-inch  diameter,  small,  short-range 
poison  gas  rockets;  to  be  fired  from 45-tube  launchers 

Surfa  ce-to-surface;  1 0-20  mile  range; 
solid 

A  highly  mobile  general  purpose  missile; 
range  30-50  miles 
Surface-to-air;  25-mile  range;  Mach  2.5; 
solid  &  liquid;  conventional 

STATUS 

Operational  in  Europe 

Operational;  Army  buying  from  French in  quantity 

Proposals  under  review 

Operational;  buy-out  of  GAR  3A,  4A 

and  11  in  FY  '62 

Study 

Operational 
R&D 

Operational;  deployed  in  Europe,  Pana- 
ma, Okinawa,  U.S.  (13  battalions), 

SUPER  HAWK  under  development;  Jan. 
29,  1960  successfully  intercepted  HON- 

EST JOHN,  first  known  missile  intercept 
of  another 
Operational;  deployed  in  Europe 

Operational;  to  be  launched  from 
B-52G  intercontinental  bombers;  stock- 

pile expected  to  exceed  400 
Operational  in  Italy  (30  launchers)  with 
Italian  AF;  being  deployed  in  Turkey; 
30  R&D  launchings:  23  successes,  5 
partials,  2  failures.  2  Italian  training 
launches:  2  successes 

Operational;  three  units  deployed  in 
Europe;  more  being  trained;  advanced LACROSSE  R&D  dropped 

In  production 

First  4-!auncher  battalion  operational 
this  winter 

Operational 

Being  deployed  with  U.S.  troops  in  West 
Germany;  new  all  mobile  but  hard-base version  development  completed ;  to  be 
in  Okinawa,  Korea 
Being  turned  over  to  West  Germans 
also  deployed  in  Far  East 
R&D;  NATO  may  buy 

R&D;  scheduled  to  be  operational 
mid-1962  at  Malmstrom  AFB;  6  Launch- 

ings: 4  successful,  1  partial;  1  failure; 
tactical  rail  system  tests  completed;  3 
squadrons  at  Malmstrom,  Mont.;  Ells- 

worth, S.  D.;  Whiteman,  Mo.;  Minot, 
N.D.;  some  18  squadrons  now  planned; 
mobile  version  killed 

Operational 

Design  studies 

Study 

Deployed  in  U.S.,  Europe  &  Far  East; 
about  170  batteries  in  U.S.,  sixty- 
eight  more  to  be  phased  out  and  re- 

placed with  NIKE-HERCULES 



PROJECT CONTRACTORS DESCRIPTION STATUS 

NIKE-HERCULES  (Army) Western  Electric,  prime;  Western  Elec- 
tric, guidance;  Hercules  &  Thiokol,  pro- 

pulsion; Douglas,  airframe 

Surface-to-air;  75-mile  range;  Mach 
3  +  ;  nuclear;  anti-aircraft,  tactical  mis- 

siles; mobile  or  fixed 
Rapidly  replacing  NIKE-AJAX;  well over  80  batteries  deployed  in  U.S.; 
more  than  10  N-H  batteries  being 
deployed  overseas  in  1 961 ;  N-H  on Formosa 

★  NIKE-ZEUS  (Army) Western  Electric,  prime;  Bell  Telephone, 
guidance;  Thiokol/Grand  Central,  pro- 

pulsion; Douglas,  airframe 

Anti-missile;  3-stage;  200-mile  range; 
solid;  nuclear 

R&D  test  launchings  at  White  Sands,  and 
Pt.  Mugu,  40  R&D  launchings;  25 
successful,  13  partial,  2  failures.  First 
successful  3-stage  launching  Nov.  30, 
1 961 ;  complete  system  tests  at  Kwajalein 
about  middle  of  year;  first  ZEUS  Kwaja- 

lein launching  Dec.  14;  2-stage  ZEUS  in- 
tercepted  NIKE-HERCULES  at  White  Sands same  day 

★PERSHING  (Army) Martin,  prime;  Bendix,  guidance,  Thio- 
kol,  propulsion 

Surface  -  to  -  surface;  two-stage  solid; 
approx.  500-mile  range;  nuclear;  trans- 

ported on  FMC  XM474  tracked  vehicle; 
proposed  rcKSnlNo  II  would  nave 1000-mile  range 

R&D;  to  replace  REDSTONE,  27  R&D 
launchings:  23  successes  (both  stages 
launched,  guidance  carried  as  passenger 
Dec.  12  for  first  time),  4  failures.  Opera- 

tional this  year  in  Europe;  W.  Germany 
buying  PERSHINGS 

★POLARIS  (Novy) Lockheed,  prime;  GE/MIT,  guidance 
and  fire  control;  Aerojet-General,  pro- 

pulsion; Lockheed,  re-entry  vehicle 

Underwater  and  surface  -  to  -  surface; 
solid;  1200-mile  range  can  hit  more 
than  90%  all  targets  in  Russia;  nuclear; 
POLARIS  II  (1500-mile  range)  and 
SUPER  POLARIS  (2500  mile  range)  under 
R&D;  possible  A-4  4000-5000  mile  range missile  under  study 

104  launchings  of  test  vehicles;  73  suc- 
cesses; 24  partial;  7  failures;  37  also 

launched  from  submerged  subs — all cleared  surface;  27  successful  flights, 
1 0  failures.  Five  subs  each  with  1 6  missiles 
operational.  Total  authorized  by  White 
nouse:  J.7  ri^LAKio  ii  iazj  k&u  missile 
successfully  launched  from  submerged 
Ethan  Allen  Oct.  23;  A2  in  production 

QUAIL  (Air  Force) McDonnell,  prime;  Summers  Gyro,  guid- 
ance; GE,  propulsion;  Ramo- Wooldridge, 

ECM  equipment 

ECM-carrying  bomber  decoy;  about  200 
m.  range;  jet  powered 

Deployed  at  SAC  bases;  carried  by 

B-52 

RAVEN  (Navy) No  contract  announced Air-to-surface;  about  500-mile  range 

Study 

REDEYE  (Army) GD/ Pomona,  prime;  Philco  Convair, 
Atlantic  Research,  propulsion 

Surface-to-air;  4-foot,  20- lb.  bazooka- 
type;  IR  guidance;  solid;  conventional; 
container-launcher  disposable 

Late  R&D;  deployment  delayed  until 
late  1962;  Marines  also  will  use;  NATO may  buy 

REDSTONE  (Army) Chrysler,  prime;  Ford  Instrument,  guid- 
ance; Rocketdyne,  propulsion 

Surface  -  to  -  surface;  liquid;  200-mile 
range;  nuclear 

Deployed  with  U.S.  troops  in  Europe;  to 
be  replaced  by  PERSHING 

REGULUS  1  (Navy) Chance  Vought,  prime  and  guidance; 
Aerojet-General,  propulsion 

Surface-to-surface;  turbojet  &  solid; 
500-mile  range;  nuclear Deployed  aboard  U.S.  submarines; 

REGULUS  II  used  as  target  drone 

SEMPER  (Marines) No  contracts  announced Believed  to  be  an  air-launched  missile R&D  testing  at  Pt.  Mugu 

SERGEANT  (Army) Sperry,  prime;  Sperry,  guidance;  Thio- 
kol,  propulsion 

Surface-to-surface;  solid;  more  than 
75-mile  range;  nuclear 

In  production;  DOD  reported  to  be 
considering  cancellation;  SERGEANTS 
deployment  in  Europe  in  1962 

SHILLELAGH  (Army) Aeronutronic,  prime Surface-to-surface;  lightweight;  can  be 
vehicle-mounted 

R&D 

SHRIKE  (Navy) NOTS-China  Lake,  prime;  Texas  Instru- 
ments, guidance 

Air-to-surface;  anti- radar;  formerly 
called  ARM 

R&D 

SIDEWINDER  (Navy  Air 
Force) 

GE-Philco,  prime;  Philco/GE  guidance; 
Naval  Powder  Plant,  propulsion 

Air-to-air;  IR  guidance;  more  than 
2  m.  range;  conventional;  new  1-C 
models  to  have  switchable  IR  and  radar- 
guided  warheads 

Deployed  with  Navy  and  Air  Force; 
all-weather  type  under  development 

★SKYBOLT  (Air  Force) Douglas,  prime;  Nortronics,  guidance; 
Aerojet,  propulsion;  GE,  re-entry  vehicle 

ALBM;  more  than  1 000-mile  range- 
solid;  nuclear;  to  be  launched  from 
B-52  and  Vulcan  bombers 

R&D;  to  be  purchased  by  British;  opera- 
tional 1 964;  air  drops  from  B-52  and 

Vulcan  bombers  successful;  first  "hot" launching  expected  in  Feb. 
SLAM  (Air  Force) No  contract  announced Surface-to-surface;  low-altitude;  super- 

sonic; nuclear  ramjet  and  warhead Study-R&D 

SPARROW  III  (Navy) Raytheon,  prime;  Raytheon,  guidance; 
Aerojet-General,  Thiokol  propulsion 

Air-to-air;  5-8  mile  range;  Mach  2.5-3; 
solid  and  pre-packaged  liquid;  con- ventional 

Operational  with  carrier  aircraft,  earlier 
SPARROW  1  obsolete;  new  contract 
extending  range,  altitude 

"judkuw  'FNavyj Goodyear,  prime:  Kearfott,  guidance; 
Thiokol,  propulsion;  Librascope- General 
Precision,  fire  control 

Underwater  or  surface-to-underwater; 
25-30  mile  range;  solid;  nuclear Operational  aboard  nuclear- powered attack  sub  Thresher 

CC     1  A     /A  1 (Army) Nord  Aviation,  prime;  GE,  U.S.  li- censee 
Surface-to-surface;  primarily  antitank; 
1600-yards  range;  33  lbs.  solid;  wire 
guided;  conventional 

Operational  with  U.S.,  French  and  other 
NATO  and  Western  units;  battle-tested 
in  North  Africa;  U.S.  Army  phasing  it  out 

SS-11  (Army) Nord  Aviation,  prime;  G.E.,  U.S.  li- censee Surface-to-surface;  also  helicopter-to- 
surface;  3800-yard  range;  63  lbs;  wire 
guided;  conventional 

Operational,  to  be  used  with  airborne 
units 



PROJECT 

IALOS  (Navy) 

★TARTAR  (Navy) 

TERNE  (Navy) 

TERRIER  (Navy) 

TERRIER-ADVANCED 
(Navy) 

+THOR  (Air  Force) 

★TITAN  (Air  Force) 

TOMAHAWK  (Army) 
★TOW  (Army) 

TYPHON  (Navy) 

WAGTAIL  (Air  Force) 

WILLOW  (Army) 
ZUNI  (Navy) 

CONTRACTORS DESCRIPTION 

Bendix,  prime;  Bendix/Sperry,  guid- 
ance; Naval  Propellant  Plant,  propul- 

sion 

Surface-to-surface;  65-mile  range;  solid 
&  ram|et;  Mach  2.5;  nuclear 

GD/Pomona,  prime;  Raytheon,  guidance; 
Aerojet-  General,  propulsion 

Surface-to-air;  10-mile  range;  Mach  2; 
15  feet  long  &  1  foot  in  diameter; 
solid  dual-thrust  motor;  conventional 

Kongsberg  Vapenfabrikk,  prime;  Arma, 
systems  integration 

Surf oce-to-underwater  AS^rV  missile;  264 
lbs;  HE  warhead 

GD/Pomona,  prime;  Reeves/FTL,  Sperry 
guidance;  ABL,  propulsion 27  feet  long;  solid  conventional 
GD/Pomona,  prime;  Reeves/FTL,  Sperry 
guidance;  ABL,  propulsion 

Ak/Mil    1  C\C)07     narfrirmnnre  imnrnvpmpnt MDOU'      1  W  /O     pCf  Ivl  IMUIH.C  MII|^l<JTCIIIUIII 
over  TERRIER 

Douglas,  prime;  AC  Spark  Plug,  guid- 
ance; Rocketdyne,  propulsion;  GE  re- 

entry vehicle 

Surface-to-surface  IRBM;  1500-mile 
range;  liquid;  nuclear 

Martin,  prime;  Bell/Sperry,  TITAN  1 
guidance;  AC  Spark  Plug,  TITAN  11 
guidance;  Aerojet- General,  propulsion; 
Avco,  TITAN  1  re-entry  vehicle;  GE, 
TITAN  II  re-entry  vehicle 

Surface  -  to  -  surface  ICBM;  500-mile 
range;  liquid;  90  feet  long;  nuclear; 
TITAN  1  burns  LOX-Kerosene;  TITAN  II 
has  storable  propellants,  inertial  guid- 

ance, bigger  payload,  greater  range, 
1 1 5  ft.  long  TITAN  III  proposed 

Martin,  prime Antitank 

No  contractors  announced Tube- launched,  optically  tracked,  wire 
guided,  HE  warhead 

Bendix,  missile;  Westinghouse,  ship- 
board control 

Medium  and  long  range  seagoing 
antimissile  missiles;  formerly  called 
SUPER  TARTAR  and  SUPER  TALOS;  solid 
booster  and  ramjet  sustainer;  conven- 

tional; supersonic 
Minneapolis- Honeywell,  prime Family  of  airborne  RL AA\  s  (rear-launched 

missiles):  air-to-air  and  air-to-surface 
Chrysler,  prime Highly-classified  missile 
Naval    Ordnance   Test    Station,  prime; 
Hunter-Douglas,  propulsion 

Air-to-air,  air  -  to  -  surface;  solid;  un- 
guided;  5-m.  range;  conventional 

STATUS 

Operational  aboard  cruiser  Galveston 

Operational  on  13  guided  missile destroyers 

Navy  buying  from  Norway  to  equip 
two  destroyer  escorts 

Operational  with  fleet 

Operational  with  fleet;  being  deployed 
on  destroyers  and  carriers 
Operational;  4  bases  (60  launchers)  set 
up  in  England.  69  military  launchings: 
48  successes;  11  partial;  10  failures, 
65  scientific  launchings:  56  successful, 
2  partial;  7  failures 
48  launchings  test  vehicles:  35  successes; 
9  partial;  4  failures.  8  bases  for  12 
squadrons  planned;  TITAN  I  scheduled 
to  be  operational  mid- 1961,  slipped  to 
early  spring;  TITAN  II  scheduled  opera- tional early  1963;  TITAN  I  successfully 
launched  from  TITAN  II  silo;  first  TITAN  II 
test  early  1962;  last  TITAN  I  R&D  missile 
successfully  launched  Dec.  1 3 

Study 

Bids  being  evaluated 

R&D 

Late  R&D 

Operational 

Satellites  and  Spacecraft 

PROJECT 

ADVENT  (Army) 

ANNA  {Army,  Navy,  AF, 
NASA) 

AEROS  (NASA) 

★APOLLO  (NASA) 

ARENTS  (ARPA) 

ASP  (Air  Force) 

BAMBI  (ARPA) 

CONTRACTORS 

Army  Signal  Corps,  prime;  Bendix 
prime  for  24-hour  satellite  communica- 

tions package;  GE,  vehicle 

No  contractors  announced 

No  contract  announced 

North  American,  prime;  MIT,  guidance 

GD/Astronautics,  prime 

No  contracts  announced 

GD/Astronautics,  STL 

DESCRIPTION 

Twenty-four  hour  instantaneous  repeater 
communications  satellite;  more  than  1  250 
lbs.;  program  incorporates  Projecls 
STEER,  DECREE  and  COURIER;  probably 
will  use  advanced  TITAN  II  booster 

STATUS 

R&D;  ground  sites  to  be  equipped  at 
Ft.  Dix,  N.J.,  and  Camp  Roberts,  Calif.; 
shipboard  terminals  also  being  de- 

signed; first  launchings  late  '62 

Geodetic  satellite;  50-100  lbs.;  probably  Study 
spherical 
24-hour  weather  satellite 

Three-man  spacecraft  capable  of  orbit- 
ing moon  or  becoming  space  station; 

boosted  by  SATURN  C-4's  and  probably 
NOVA 

Satellites  to  investigate  deep  space; 
22,000  m.  orbits;  ATLAS-CENTAUR 
booster 
Aerospace  plane,  a  manned  spacecraft 
capable  of  operating  in  the  atmosphere 
and  space 

Satellite  system  capable  of  intercepting  Studies 
enemy  missiles  in  boost  phase 

Planning.  First  flights  would  be  in  1964 
or  1965;  unfunded  FY  '62  budget;  TV camera  R&D  to  begin  soon 

Earth  orbital  shots  scheduled  1964-65; 
lunar  orbits  {unless  cancelled),  1966; 
lunar  landing,  1967-68.  Propulsion  and 
orbiting  lab  module  contracts  due  before 
mtd-62 
Contract  let  to  build  three  payloads; 
launchings  begin  early  '62 

Study 



PROJECT CONTRACTORS DESCRIPTION STATUS 

CSAR  (Air  Force) No  contracts  announced Communications  satellite  system;  satel- 
lites to  weigh  possibly  two  tons;  to  use 

passive  lens  reflectors 
Studies;  possibly  operational  mid-60*s 

♦  DISCOVERER  (Air  Force) Lockheed,  prime;  GE,  re-entry  vehicle THOR-AGENA  and  ATLAS-AGENA 
iounchings  of  early  stabilized  satellites; 
main  purpose  is  to  test  techniques  for 
military  space  systems 

Launchings:  36;  1 1  capsules  recovered 
from  orbit  (7  air-snatched)  after  orbit- 

ing earth  one  to  three  days;  plans  to 
put  simians  in  capsules  scrapped. 

+DYNA-SOAR  1  (Air 
Force) Boeing,  spacecraft   and    systems  inte- 

grator; Martin,  propulsion;  Minneapolis- 
Honeywell,  guidance;  RCA,  communica- tions data  link 

Boost-glide  orbital  spacecraft;  R&D 
leading  to  first  space  bomber;  TITAN 
II  booster;  3rd  powered  stage  to  be 
added 

R&D;  first  glider  flights  from  Edwards 
AFB  1962;  R&D  suborbital  flight  about 
early  1965;  program  accelerated  some- 

what under  FY  '62  budget;  further  ac- celeration through  streamlining  planned 

ECHO  (NASA) Langley  Research  Center,  prime ECHO  1:  100  ft.  inflatable  sphere  in 
1000  mile  orbit;  passive  communication 
satellite;  ECHO  II:  135-ft.,  700-mi.  polar 
orbit 

In  orbit  since  Aug.  12,  I960;  ECHO  11 

orbital  tests  early  '62 

MARINER  (NASA) J  PL,  prime 450  lbs  unmanned  spacecraft  for  early 
interplanetary  missions;  boosted  by 
ATLAS-AGENA  B 

Venus  fly-by  Aug.  1962 

★MERCURY  (NASA) McDonnell,  capsule First  U.S.  manned  satellite;  4000  lbs.  -f 
(capsule  including  escape  rocket); 
boosters:  ATLAS  and  TITAN  II 

First  manned  orbital  flight  slipped  to 
late  Jan.;  2-orbit  chimp  shot  successful 
Nov.  29;  new  2-man  capsule  program 
planned  as  part  of  APOLLO 

★  MIDAS  (Air  Force) Lockheed,   prime;   Aerojet   IR  detector 
system 

Early-warning  satellite;  detect  ICBM 
launchings  by  IR  before  birds  leave  pad; 
R&D  models  weigh  2.5  tons;  operational 
system  12-15  satellites 

R&D;  second  launching  May  24,  1960 
partial  success;  MIDAS  III  successfully 
launched  July  12;  MIDAS  IV  successfully 
launched  Oct.  2 1  detected  TITAN 
launching  Oct.  24  within  two  minutes  of 

ignition kllMDIIC  (MACAI ri  1  mtJU  3  (INA3A) GE,  integration  and  testing 
lbs.;  6  TV  cameras  in  payload;  THOR- AGENA  B  booster 

First  launching  scheduled  for  late  1962 

*OAO  (NASA) Grumman,   prime;   ̂ Vesting  house,  elec- 
tronic components;  GE,  stabilization  and 

control 
3500-lb.  orbiting  astronomical  satellite 
observatory  equipped  with  telescope; 
boosted  by  SATURN 

 r«*  
First  flight  scheduled  in  late  1963  or 1964 

*OGO  (NASA) Space  Technology  Laboratories,  prime 1000-lb.  satellites  with  instruments  for 
geophysical  measurements;  polar 
(POGO)  and  eccentric  (EGO)  shots 
planned;  ATLAS-AGENA  B,  THOR- 
AGENA  B,  CENTAUR  boosters 

First  flight  scheduled  in  1963;  19  experi- 
ments planned  for  first  shot 

"UW  {INAoAJ Ball  Brothers,  prime 440  - 1  b.  orbiting  solar  observatory; 
THOR-DELTA  booster,  S-16  early  ver- 

sion; S-17  and  S-57  advanced  versions 
First  flight  planned  this  spring  for  S-16; 
first  flight  for  S-17  planned  for  1962 

■fcPPOSPFf  TOD  (K1A$,A\ «  rnujrtl,  IUK  (rNAoAJ No  contract  announced Soft-landed,  remote  control,  unmanned 
moon  exploring  or  manned- lunar  sup- 

port spacecraft;  SATURN  booster 

Schedule  to  be  determined 

★ranger  (nasa) JPL,  prime;  Aeronutronic,  capsule;  Her- 
cules, retrorocket 

300-lb.  instrumented  capsule  rough 
landed  on  moon;  ATLAS-AGENA  B 
booster 

R&D;  first  two  flights  RANGERS  failed 
to  launch  from  orbit;  first  lunar  landing 
planned  for  Jan.  1962;  nine  RANGERS 

planned REBOUND  (NASA) No  contract  announced System  of  3  to  6  multi-launched  ECHO II  communications  satellites First  orbital  flight  scheduled  for  1963 
or  1964 

★DELAY  f"KIA^/M RCA,  prime 1 00-lb  active  repeater  experimental 
communications  satellites.  Commercial 
system  planned;  DELTA  booster 

Britain,  France,  Brazil  and  Germany 
building  ground  stations;  first  launching this  year 

SAINT  (Air  Force) RCA,  prime Anti-satellite  satellite  inspection  system; 
to  be  complemented  by  interception 
system;  about  2  tons;  ATLAS-AGENA  B launched 

R&D;  to  be  launched  against  reflectors 
or  balloons  in  400- mi.  orbits 

★SAMOS  (Air  Force) Lockheed,  prime Reconnaissance  satellite;  formerly  SEN- 
TRY; R&D  model  weighs  4100  lbs. R&D;  SAMOS  II  successfully  launched 

Jan.  31  from  Vandenberg;  scheduled  to 
be  operational  late  1962;  advanced 
SAMOS  under  development;  SAMOS  III 
launching  failed  Sept.  9;  satellite  be- lived  to  be  SAMOS  IV  launched  Nov.  22 

+SERT  (NASA) RCA,  prime Spinning  satellite  carrying  two  electric- 
propulsion  engines  for  environmental  tests SERT  1  to  be  launched  last  quarter  1962 

with  Hughes  and  Lewis  Center  engine 
SLOMAR  (Air  Force) Lockheed  and  Martin,  prime Logistics,  maintenance,  supply  space- 

craft for  space  systems Study  contracts  awarded  in  Dec,  1960 

SURVEYOR  (NASA) Hughes,  prime 750-lb.  spacecraft  soft-landing  1 00-300 
lbs.  instruments  on  moon;  ATLAS-CEN- TAUR booster 

First  moon  flights  1963;  seven  or  more to  be  launched  by  1965 

SYNCOM  (NASA) Hughes,  prime 24-hr.  instantaneous  repeater  communi- cations satellite.  DELTA  booster R&D;  first  launching  scheduled  late  1962 



PROJECT 

★  TELESTAR  (AT&T-NASA) 

★  TIROS  (NASA-Wea.  Bu.) 

★TRANSIT  (Navy) 

VOYAGER  (NASA) 

YO  YO  (Navy) 

+X-15  (NASA-AF-Navy) 

CONTRACTORS 

BTL,  management  for  AT&T 

RCA,  prime 

Applied  Physics  Laboratory,  prime 

No  contract  announced 

No  contract  announced 

North  American,  prime;  Thiokol, 

pulsion 

DESCRIPTION 
STATUS 

125  lb.,  active  repeater,  experimental 
industry  communication  satellite;  DELTA 
booster 
Meteorological  satellite;  TV  pictures  of 
cloud  cover;  TIROS  II  and  III  carried 
IR  scanner 
Navigational  satellite;  R&D  model  weighs 
more  than  250  lbs.;  operational  model 
about  50-100  lbs. 

Unmanned  spacecraft  to  orbit  Mars 
or  Venus;  eject  capsule  for  re-entry; SATURN  booster 
Tactical  sea-launched  one-pass  recon- 

naissance satelloid 
Rocket  plane;  4000  mph;  flight  at  edge 
of  space;  on  AF  model  each  XLR-II rocket  engine  develops  16,000  lbs.  of 
thrust;  XLR-99  engines  50,000  lbs.  Three 
planes  delivered. 

R&D;  two  to  four  satellites  planned; 
first  launching  scheduled  in  spring  by 
NASA  on  cost-reimbursed  basis 
R&D;  first  launching  April,  1960;  second 
Nov.  23, 1 960;  third  last  July  1 2,  all  success- 

ful; four  more  planned.  Total  planned  7 
TRANSIT  IB  R&D  satellite  in  orbit 
April  13,  I960;  II A  plus  piggyback  satel- 

lite in  orbit  June  22;  TRANSIT  1MB  launch- 
ed into  poor  orbit  Feb.  21;  IVA  orbited 

June  29  with  2  piggyback  payloads 
that  failed  to  separate  IVB  with  TRAAC 
orbited  Nov.  15;  4-satellite  system 
scheduled  to  be  in  orbit  1962 
Study;  first  flight  planned  by  1965 

R&D 
Powered  flights  in  progress;  plane  #1 
has  hit  Mach  3  and  more  than  1 36,500 
ft.  with  XLR-II  engine;  plane  #2  with 
XLR-99  engine  turned  over  to  NASA; 
has  hit  4093  mph  speed  record;  alti- 

tude record  of  217,000  ft.  (unofficial 
for  manned,  powered  flight);  plane  #3 
flights  beginning 

Space  Vehicles 

AGENA  (Air  Force) Lockheed,  prime;  Bell,  propulsion 1 700-pound  satellite  after  burnout; 
AGENA  B  stop-start  2450-lb.  engine; 
about  fuel  capacity  AGENA  A 

Used  in  DISCOVERER  program;  larger 
AGENA  B  also  to  be  used  with  ATLAS and  THOR 

BLUE  SCOUT  (Air  Force) Aeronutronic,  prime;  Minneapolis- 
Honeywell,  guidance;  Aerojet/ Hercules, 
Thiokol  propulsion 

Solid  multi-stage  booster  based  on 
SCOUT  components Operational 

★  CENTAUR  (NASA) GD/Astronautics,  prime;  Pratt  &  Whitney, 
propulsion;  Minneapolis-Honeywell,  guid- ance 

Pair  of  LOX-tiquid  hydrogen  engines; 
30,000  lbs.  total  thrust,  atop  ATLAS 
booster,  capable  orbiting  8500  lbs. 
launching  1450-lb.  space  probe. 

First  flight  test  slipped  to  late  Jan.  or 
early  Feb.;  first  engine  delivered 

DELTA  (NASA) Douglas,  booster;  Bell,  guidance;  Rock- 
etdyne/Aerojet  ABL,  propulsion 

Successor  to  THOR-ABLE;  upper  stage 
guidance;  480  lb.  payload  capacity 

Interim  launch  vehicle  for  TIROS-ECHO; 
being  used  for  other  satellites  and  one 
deep  space  probe;  26  on  order 

★NOVA-L  (NASA) No  prime  announced;  Rocketdyne,  pro- 
pulsion 

Clustered  6-12  million  lb.  liquid  pro- pellent booster  plus  upper  stages R&D  on  1.5  million  lb.  F- 1  engines; 
vehicle  contract  expected  to  be  award- 

ed this  year;  F-l  test-fired  19  times  at more  than  1  million  lbs.  thrust;  program 
partly  integrated  with  SATURN ★  NOVA-5  (Air  Force) No  contractor  announced;  expected  to 

be  based  on  Aerojet/Grand  Central 
feasibility  studies 

Clustered  1 2-million  —  20-million-lb. 
booster;  possible  alternative  to  NOVA-L 

R&D;  contracts  expected  to  be  let  in 
1962,  delayed  by  committee  studies 

ORION  {Air  Force) General  Atomic Space  booster  launched  by  series  of 
atomic  explosions 

Advanced  engineering  studies  under 
way;  tests  may  be  attempted  with resumption  of  nuclear  testing 

PHOENIX  (Air  Force) No  contracts  announced Recoverable  booster — -possibly  a  modi- 
fied F-l 

Studies 

*ROVER  (NASA,  AEC) Aerojet,  NERVA  prime,  Westinghouse, 
propulsion 

First  nuclear  rocket:  KIWI  non-flying 
test  engines  and  NERVA   flight  engines 

First  NERVA  test  flight  expected  1966-67 

★  SATURN  (NASA) Marshall  Center,  prime  and  booster; 
Douglas  and  Convair,  upper  stages; 
Rocketdyne,  booster  and  mid -stage 
engines;  Pratt  &  Whitney,  top-stage 
engines;  Chrysler,  prime  for  S-1  pro- 

duction; Boeing,  S-1B  production 

Series  of  multistage  vehicles  based  on 
1 .5-million-lb.  clustered  S-l  booster  for 
C-l  version  and  various  upper  stages  of 
LOX-liquid  hydrogen  engines.  Early 
model  to  orbit  20,000-lb.  payload;  C-4 
booster  to  have  4  clustered  F-l's 

First  C-l  launching  Oct.  27  from  Cape, 
successful;  booster  with  inert  upper 
stages  flew  214.7  miles,  (84.8  m.  apo- 

gee); two  more  scheduled  this  year; 
first  flight  with  live  upper  stages  1963; 
C-4  to  be  used  for  APOLLO  rendezvous 

SCOUT  (NASA) Chance  Vought  prime;  Minneapolis- 
Honeywell,  guidance;  Aerojet- General/ 
Hercules/Thiokol/ABL,  propulsion 

Solid  four-stage  satellite  launcher;  200 
lb.  payload  in  orbit SCOUT  flights  in  '61  completed  R&D; 

Navy  proposing  SEASCOUT  for  sea- borne surface  launch,  would  be  based 
on  POLARIS  and  SCOUT 

★SPAROAIR  (Navy) Naval  Missile  Center,  prime Air  launched,  2  stage  booster;  solid; 
12  ft.  long;  35  lb.  payload;  launched 
from  F4D;  SPARROW  motors  used 

Ten  launches  planned;  first  in  successful 

July  '62 
THOR-ABLESTAR  (Air 

Force-NASA) 
STL,  prime;  Rocketdyne  Aerojet-Gen- 
eral/ABL,  propulsion 

Three-stage  vehicle,  orbital  capability 
800  lbs.  Upper  stage  has  restart  engines THOR-ABLE  phased  out.  Used  in  TRAN SIT  and  COURIER 



Satellites  in  Orbit 

★EXPLORER  I  (30.8  lbs.)  U.S.  Launched  1/31/58,  est.  life  7-10  years. 
Orbits  earth;  perigee  217  m.,  apogee  1087  m.,  period  106.0  min.  (Dis- 

covered Van  Allen  Belt);  not  transmitting. 
★  VANGUARD  I  (3.25  lbs.)  U.S.  Launched  3/17/58,  est.  life  200-1000 
years.  Orbits  earth;  perigee  404,  apogee  2452,  period  133.9;  transmitting. 
LUNIK  I  "MECHTA"  (3245  lbs.)  Russia.  Launched  1/2/59.  Believed  to 
be  in  orbit  around  sun  on  15-mo.  cycle;  not  transmitting. 
★VANGUARD  II  (20.7  lbs.)  U.S.  Launched  2/17/59,  est.  life  100-250 
years.  Orbits  earth  but  is  "wobbling";  perigee  313,  apogee  2072,  period 
125.2;  inclination  to  equator  32.87°;  not  transmitting. 
PIONEER  IV  (13.4  lbs.)  U.S.  Launched  3/3/59.  Orbits  sun,  and  achieved 
primary  mission — earth-moon  trajectory;  not  transmitting. 
★VANGUARD  III  (about  100  lbs.)  U.S.  Launched  9/18/59,  est.  life 
50-150  years.  Orbits  earth;  perigee  321,  apogee  2307,  period  129.7; 
not  transmitting. 

★EXPLORER  VII  (91.5  lbs.)  U.S.  Launched  10/13/59,  est.  life  30-40 
years.  Orbits  earth;  perigee  344,  apogee  668,  period  101.1;  transmitting. 
PIONEER  V  (94.8  lbs.)  U.S.  Launched  3/11/60,  est.  life  forever.  Orbits 
sun,  interplanetary  environment  probe;  completed  one  full  orbit  1/16/61; 
aphelion  .9951  au,  perihelion  .8061  au,  not  transmitting. 
TIROS  I  (270  lbs.)  U.S.  Launched  4/1/60,  est.  life  50-150  years.  Orbits 
earth;  picture-taking  weather  satellite;  perigee  429,  apogee  467,  period 
99.1 ;  transmitting. 
★TRANSIT  IB  (265  lbs.)  U.S.  Launched  4/13/60,  est.  life  6  years.  Orbits 
earth;  perigee  229,  apogee  402,  period  94.7.  First  R&D  navigation 
satellite.    Not  transmitting. 
★SPUTNIK  IV  (10,008  lbs.)  Russia.  Launched  5/15/60,  est.  life  2-3 
years.  Orbits  earth;  initial  perigee  188,  apogee  229 — changed  to 
191/429  on  5/19/60;  last  reported — perigee  160,  apogee  280,  period 
91.6.  Test  of  support  systems,  cabin,  for  manned  space  flight;  attempt 
to  return  from  orbit  failed;  payload,  case  and  two  pieces  now  in  orbit. 
Not  transmitting. 
★MIDAS  II  (5000  lbs.)  U.S.  Launched  5/24/60,  est.  life  8-15  years. 
Orbits  earth;  perigee  299,  apogee  310,  period  94.2  Telemetry  for  IR 
scanning  failed  two  days  after  launch.   Not  transmitting. 

TRANSIT  ll-A  (223  lbs.)  U.S.  Launched  6/22/60,  est.  life  50-200  years. 
Orbits  earth,  perigee  389,  apogee  649,  period  101.6.  Transmitting. 
NRL  SOLAR  RADIATION  SATELLITE  I  (40  lbs.)  U.S.  Launched  6/22/60 
with  TRANSIT  ll-A,  set.  life  50-200  years.  Orbits  earth;  perigee  381, 
apogee  657,  period  101.6.   Not  transmitting. 

★ECHO  I  (132  lbs.)  U.S.  Launched  8/12/60,  est.  life  2-16  years.  Orbits 
earth;  perigee  563,  apogee  1313,  period  116.1.  First  successful  orbiting 
of  passive  communications  satellite. 

★COURIER  IB  (500  lbs.)  U.S.  Launched  10/4/60,  est.  life  200-500  years. 
Orbits  earth;  perigee  577,  apogee  777,  period  106.8.  First  successful 
launching  of  delayed  active  repeater  satellite.  Transmitting. 
EXPLORER  VII  (90  lbs.)  U.S.  Launched  11/3/60  by  JUNO  II,  est.  life 
20-50  years.  Orbits  earth,  perigee  258,  apogee  1410,  period  112.4. 
Provides  ionospheric  measurements  for  communications.  Not  transmitting. 
★TIROS  II  (280  lbs.)  U.S.  Launched  11/23/60,  est.  life  200-500  years. 
Orbits  earth;  perigee  378,  apogee  461,  period  98.2.    Not  transmitting. 
★SAMOS  II  (4100  lbs.)  U.S.  Launched  1/31/61.  Orbits  earth;  perigee 
295,  apogee  339,  period  94.9.  First  R&D  reconnaissance  satellite. 

VENUS  PROBE  (1419  lbs.)  Russia.  Launched  2/12/61,  aphelion  1.0190 
au,  perihelion  0.7183  au. 
★EXPLORER  IX  (15  lbs.)  U.S.  Launched  2/16/61.  Orbits  earth;  perigee 
466,  apogee  1521,  period  118.1.  A  12-ft.  "polka  dot"  balloon. 
★DISCOVERER  XX  (2450  lbs.)  U.S.  Launched  2/17/61.  Orbits  earth; 
perigee  176,  apogee  350,  period  93.1.  No  attempt  to  recover  300-lb. 
capsule  because  of  malfunction. 
★DISCOVERER  XXI  (2100  lbs.)  U.S.  Launched  2/18/61.  Orbits  earth; 
perigee  145,  apogee  403,  period  93.5.  Carried  IR  equipment  for  MIDAS 
program  to  measure  background  radiation  from  earth. 
EXPLORER  X  (78  lbs.)  U.S.  Launched  3/25/61.  Last  known  position; 
perigee  110,  apogee  112,500,  period  50.12.  Optical  pumping  magne- tometer.   Position  uncertain. 
★DISCOVERER  XXIII  (2100  lbs.)  U.S.  Launched  4/8/61.  Orbits  earth; 
perigee  166,  apogee  292,  period  92.0  Capsule  ejected  in  wrong  direc- 

tion, sending  it  further  into  space.   Not  transmitting. 
★EXPLORER  XI  (82  lbs.)  U.S.  Launched  4/27/61.  Orbits  earth;  perigee 
301,  apogee  1109,  period  107.8.  Measures  gamma  rays  from  the  stars 
absorbed  in  earth's  atmosphere. 
TRANSIT  IVA  (IVA,  175  lbs.,  GREB  III,  55  lbs.;  INJUN,  40  lbs.)  U.S. 
Launched  6/29/61.  Orbits  earth;  TRANSIT — perigee  547,  apogee  620, 
period  103.8.  GREB-INJUN — perigee  548,  apogee  619,  period  103.8. 
Transmitting.  GREB  III  and  INJUN  failed  to  separate  after  three-in-one 
launch. 
TIROS  III  (285  lbs.)  U.S.  Launched  7/12/61.  Orbits  earth;  perigee  457, 
apogee  510,  period  100.3.  Transmitting  cloud  cover  weather  pictures. 
MIDAS  III  (3500  lbs.)  U.S.  Launched  7/12/61.  Orbits  earth,  perigee 
2084,  apogee  2197,  period  161.5.  IR  early  warning  satellite. 
★EXPLORER  XII  (83  lbs.)  U.S.  Launched  8/16/61.  Orbits  earth,  perigee 
481,  apogee  47,663,  period  1588.8.  Study  Van  Allen  belts  and  energetic 
particles  in  space. 
MIDAS  IV  (3500  lbs.)  U.S.  Launched  10/21/61.  Orbits  earth;  approxi- 

mately 2100  circular;  period  172.  IR  scanning  early-warning  satellite. Transmitting. 

WESTFORD  BELT  (75  lbs.)  U.S.  Launched  10/21/61.  Orbits  earth; 
approximately  2100  circular. 
★DISCOVERER  XXXIV  (2100  lbs.)  U.S.  Launched  11/5/61.  Orbits 
earth;  perigee,  140;  apogee,  595.  Malfunction  in  orbit  forced  aban- 

donment of  usual  attempt  to  recover  capsule. 
★TRANSIT  IVB  (200  lbs.)  U.S.  Launched  11/15/61.  Orbits  earth; 
perigee,  586;  apogee,  694;  period,  105.6.  Carried  TRAAC  piggy  back. 
Satellite  is  an  operational  prototype  of  the  Navy's  navigational  satel- lite. Transmitting. 
★  TRAAC  (200  lbs.)  U.S.  Launched  11/15/61  piggy-back  on  TRANSIT 
IVB.  Orbits  earth;  perigee,  581;  apogee,  701;  period,  105.5.  Designed 
to  test  new  system  of  stabilization  based  on  the  earth's  gravitational field.  Also  designed  to  supply  data  on  the  Van  Allen  belt.  Stabilization 
test  still  in  doubt. 
★DISCOVERER  XXXVI  (2100  lbs.)  U.S.  Launched  12/12/61.  Orbits 
earth;  perigee,  146;  apogee,  297;  period,  91.7.  Capsule  ejected  from 
orbit  and  recovered  from  the  ocean  after  a  record  of  nearly  four 
days  in  orbit. 
★OSCAR  (10  lbs.)  U.S.  Launched  12/12/61  piggy-back  on  DISCOVERER 
XXXVI.  Orbits  earth;  perigee,  146;  apogee,  289;  period,  91.6.  Beams 
signals  to  amateur  radio  operators. 

(Orbital  data  is  latest  official  information  as  of  1200  Z,  December  19,  1961 ) 
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A  TOTALLY  INTEGRATED 

SYSTEMS  CAPABILITY 

Imminent:  National  requirements  for  large  nuclear  launch  vehicles  and  space  craft. 
Under  way  at  Space-General:  A  variety  of  studies  involving  applications  of  nuclear  energy  to  extraterrestrial  flight. 
Among  current  programs:  Snapcraft— A  7,000  pound  flying  nuclear  test  vehicle  to  obtain  in-flight  data  on 
advanced  electric  propulsion  systems.  ■  Management  of  programs  like  Snapcraft  from  concept  to  completion  is 

Space-General's  mission.  Space-General  integrates  the  individual  technologies  of  advanced  electronics,  nucleonics, 
communications,  propulsion,  payloads,  and  data  processing. 
Result:  Necessary  blend  for  design,  development,  production,  &  flight  testing  of  complete  missile  &  space  systems. 

NUCLEAR  POWER  FOR  SPACE 

Space-minded  engineers  and  scientists  are  invited  to  send  resumes  to  Mr.  Pierre  Brown  at  Space-General 
Corporation  (an  equal-opportunity  employer),  777  Flower  Street,  Glendale,  California. 

SPACE  •  GENERAL 

SPACE-GENERAL  CORPORATION  '  A  SUBSIDIARY  OF  AEROJET-GENERAL  CORPORATION  -  777  FLOWER  STREET,  GLENDALE,  CALIFORNIA 
28  Circle  No.  2  on  Subscriber  Service  Curd 



Technical  Countdown 

ASTRONAUTICS 

Explorer  XI  Data  Analyzed 

One  of  the  most  cherished  theories  of  cosmologists — 
that  matter  is  being  continuously  created  in  the  Universe — 
seems  to  have  been  disproved  by  the  data  received  from 
Explorer  XI,  according  to  one  NASA  official.  The  extremely 
low  level  of  gamma  radiation  recorded  by  the  astronomical 
satellite  indicates,  he  said,  that  collisions  between  matter 
and  anti-matter  are  not  occurring  in  space — and  that,  there- 

fore, it  is  unlikely  that  any  matter  is  being  created.  The 
demise  of  the  cosmologists'  "steady-state"  theory  would 
mean  new  prominence  for  the  theory  of  astronomers  that 
the  universe  was  created  by  an  enormous  explosion  many 
billion  years  ago. 

PROPULSION 

Aerojet  Racks  Up  Safety  Record 

The  Liquid  Rocket  Plant  of  Aerojet-General  Corp.,  at 
Sacramento,  Calif.,  completed  an  entire  year  of  operation 
without  a  single  disabling  injury.  This  means  that  over 
6000  employees  worked  13  million  man-hours  without  a 
lost-time  accident.  One  division,  Manufacturing,  has  run 
since  September,  1959,  without  an  accident. 

ADVANCED  MATERIALS 

New  Tube  Filament  Tested 

The  use  of  rhenium  with  tungsten  in  a  new  alloy  for 
radio-tube  filaments  can  provide  up  to  4.5  times  greater 
reliability,  says  General  Electric.  The  extra  fine  wires,  used 
in  receiving  tubes,  reportedly  are  stronger  and  offer  better 
heat  tolerance  than  conventional  tungsten  filaments.  This 
is  the  first  substantial  improvement  in  heater  material  since 
1930,  developers  at  G.E.'s  Owensboro  facility  claim.  Other 
characteristics  include  higher  resistivity,  higher  "cold  resist- 

ance," and  less  tendency  to  twist  over  under  thermal  stress. 
Present  cost  of  refined  rhenium  is  high — $600/lb. 

Room-Temperature  Laser  Material  Described 
Calcium  tungstate  doped  with  neodymium  has  been 

investigated  by  scientists  at  Bell  Telephone  Labs  as  a  mate- 
rial for  use  in  optical  masers.  The  tests,  the  scientists  report, 

show  that  the  material  produces  an  output  in  the  infrared 
and  can  be  operated  at  room  temperature.  Input  energy, 
they  say,  is  only  five  joules. 

ELECTRONICS 

Bendix  Likely  to  Get  Mercury  Award 
The  contract  to  operate  five  Mercury  tracking  stations 

— described  as  a  multimillion-dollar  award — appears  to  be 
headed  for  the  Bendix  Corp.,  NASA  officials  told  M/R 
last  week.  Although  at  least  three  other  companies  have 
been  asked  for  bids,  Bendix — which  has  been  operating 
the  stations  under  a  temporary  award  since  July — has  the 
inside  track,  space  agency  officials  concede. 

Another  Space  Computer  in  Development 

A  15-lb.  digital  computer,  dubbed  PICO,  is  being  built 
by  Honeywell's  St.  Petersburg,  Fla.,  plant.  Designed  par- 

ticularly for  space  applications,  the  unit  will  permit  non- 
destructive readout.  The  program  is  company-funded. 

Gyros  Considered  far  Attitude  Control 
Single-degree-of-freedom  integrating  gyros  used  as 

torque  sources  can  provide  very  precise  satellite  attitude 
control.  A  recent  report  by  Ames  Research  Center  (NASA) 
indicates  both  advantages  and  disadvantages  of  such  devices 
as  compared  with  inertia-wheel  control  systems.  Major 
gain  with  gyros  is  that  an  alternate  reference  is  not  required 
when  the  target  is  occulted.  Gyros  act  as  rate  sensors, 
obviating  the  need  for  added  rate  stabilization  networks. 
The  big  trouble  is  that  with  a  3°  float  angle  only  5%  of 
gyro  momentum  is  available  for  active  control.  This  creates 
a  need  for  a  bigger  or  faster  turning  wheel. 

Armour  Developing  Inorganic  Fuel  Cell 

An  inorganic  fuel  cell — promising  both  high  energy-to- 
weight  ratios  and  very  high  efficiencies — is  under  develop- 

ment by  the  Armour  Research  Foundation  of  the  Illinois 
Institute  of  Technology.  The  hydrogen-oxygen  fuel  cell 
uses  an  ion-exchanging  membrane  that  operates  at  higher 
temperatures  than  an  organic  cell.  Advantages  of  the 
device,  according  to  Armour,  are  light  weight,  resistance 
to  high  temperature  and  radiation,  and  superior  power. 

Natural  Language  Information  Retrieval 

General  Electric's  Defense  Systems  Department  has 
developed  a  solid-state  electronic  device  capable  of  using 
natural  language  for  information  retrieval  and  dissemina- 

tion. Operation  is  based  on  direct  input  of  whole  text, 
abstracts,  or  indexed  information  to  the  magnetic  tape 
memory  of  the  machine.  The  device  is  queried  by  typing 
in  descriptions  of  the  desired  information.  The  output  is  one 
or  more  identification  numbers  which  can  be  used  manually 
or  electronically  to  actuate  further  responses  in  a  fully 
automated  system. 

Multi-Satellite  Control  Studied 

The  problems  of  controlling  and  servicing  a  dozen  or 
more  orbiting  satellites  simultaneously  will  be  studied  under 
a  new  contract  to  Planning  Research  Corp.  by  Lockheed- 
Sunnyvale.  The  company  will  investigate  methods  to  avoid 
radio  command  conflicts  and  try  to  minimize  delay  in  serv- 

icing satellites  when  they  are  out  of  radio-visible  range  or 
when  ground  stations  over  which  they  are  passing  are 
incapable  of  performing  service.  Optimum  scheduling  will 
be  programed  for  digital  computer  direction. 

Missile  Accuracy  Increase  Possible 

An  angular  differentiating-integrating  accelerometer 
(ADA)  has  been  developed  which  can  interpret  changes 
in  relative  motion  and  provide  feedback  signals  to  a  space 
vehicle  servo  system  for  stabilization.  In  essence,  it  samples 
motion  in  space  without  effect  from  movement  in  its  sup- 

porting structure.  Smaller  than  a  golf  ball,  the  unit,  Gen- 
eral Electric  designers  report,  will  provide  a  100-fold 

increase  in  missile  directional  accuracy. 
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space  support 

L-T-V  Space  Simulator  To  Provide 

CYLINDRICAL  PROJECTOR  provides  the  simulator  pilot  with  this  type  of  scene. 
This  artist's  conception  illustrates  what  the  pilot  "sees"  through  his  prism  viewports. 
The  hemispherical  screen  puts  the  pilot  in  space  visually. 

Company-funded  complex  is 

to  cosf  over  $2  million;  phys- 

iological-limit tests  of  space 

pilots  included 

A  MANNED  FLIGHT  simulator 
capable  of  handling  virtually  any  type 
of  mission  in  all  of  its  phases  is  in 
operation  at  the  Astronautics  Division 
of  Chance  Vought  Corp.,  the  aerospace 
subsidiary  of  Ling-Temco- Vought. 

Designed  and  built  by  the  division, 
the  simulator  will  be  used  for  vehicle 
research  and  development,  evaluations 
of  various  spacecraft,  aircraft  systems 

and  flight  techniques,  and  for  the  train- 
ing of  flight  crews. 
The  unit  will  also  be  used  in  phy- 

siological studies  of  space  pilots  to  de- 
termine the  effects  of  the  numerous 

vehicle  and  space  stresses  on  man  and 
his  ability  to  function. 

The  cabin  can  simulate  launch, 
orbit,  rendezvous,  mid-course  guidance, 
re-entry,  landing  approach  and  landing. 
It  can  be  adapted  to  perform  missions 
related  to  conventional  aircraft — verti- 

cal takeoff  and  landing,  for  instance. 
•  Space  gondola  —  The  simulator 

cockpit  is  in  a  lightweight  aluminum 
gondola  attached  to  a  moving  base 
having  three  degrees  of  freedom  around 
the  pitch,  roll  and  yaw  axes  and  a 
pitching  base  capable  of  rotation 
through  180° — attitudes  from  full  nose 
up  to  full  nose  down. 

The  pilot  is  restrained  with  a  con- 
ventional lap  belt  and  shoulder  harness. 

His  seat  is  a  tubular  frame  covered 
with  wire  mesh  adjustable  for  launch 
attitude  and  height.  A  wrist-action  side 
controller  handles  pitch,  roll  and  yaw 
as  the  pilot  desires.  Pitch  and  roll  trim 
are  provided  by  thumb  wheels  located 
atop  the  stick  grip  on  the  controller. 
Yaw  trim  is  controlled  by  a  thumb- 

wheel on  the  left  arm  rest. 
Two  foot  plates,  pivotable  below 

the  arch  of  the  foot,  provide  a  capabil- 

ity for  evaluating  the  more  conventional 
two-axis  side-stick  plus  rudder  pedals  as 
against  a  three-axis  side-stick  configura- 
tion. 

A  two-degree-of-freedom  throttle  is 
located  in  the  wall  panel  above  and 
forward  of  the  left  arm  rest.  Although 
it  may  be  rigged  for  other  systems,  the 
current  setup  simulates  control  of  four 
variable-thrust  rockets  mounted  above, 

below,  forward,  and  aft  the  vehicle's center  of  gravity. 
A  second  throttle,  located  imme- 

diately forward  of  the  pilot's  left  hand position,  increases  thrust.  The  initial 
assembly  simulates  throttle  control  of 
an  aft-firing  rocket  capable  of  changing 
orbital  paths  and  retro-firing  for  lunar descent. 

•  Myriad  effects — The  cockpit  dis- 

play is  a  general-research  panel  aimed 
at  providing  maximum  simulated  space- 

flight capability.  It  includes  the  dis- 
plays necessary  to  perform  launch, 

orbit,  orbit  transfer,  orbital  rendezvous, 
de-orbit,  re-entry,  glide,  landing,  lunar 
orbit,  lunar  landing  and  lunar  launch. 

The  displays  are  mechanized — some controlled  from  outside  the  gondola 
while  others  reflect  the  position  of  the  j 
simulated  craft  to  the  pilot  and  the 
effect  of  his  control  movements. 

The  gondola  is  suspended  on  a  gim- 
bal  system.  The  three  pivotal  axes  of 
the  gimbal  coincide  at  a  point  72  in. 
aft  of  the  pilot's  seat.  This  location 
of  the  pivots  corresponds  to  the  ap- 

proximate center  of  gravity  of  the  sim-  j 
ulated  vehicle;  hence  the  motion  on  the 
pilot  is  the  proper  combination  of  both 
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Lealistic  Manned  Flight  Training 

GONDOLA  AND  WRAP-AROUND  SCREEN  are  visible  beyond  the  engineer  at  the 
safety  console.  The  operating  console  is  isolated,  and  the  entire  simulating  complex 
including  the  computers  costs  upward  of  $2  million. 

translation  and  rotation. 
All  motions  are  generated  by  the 

computer  as  a  function  of  flight  con- 
ditions, in  order  to  create  acceleration 

forces.  Two  types  of  motions  are  sim- 
ulated. 

First,  when  the  pilot  initiates  a 
maneuver  the  gondola  is  accelerated  to 
produce  the  sensation  associated  with 
entering  the  motion.  Since  the  actua- 

tors are  limited  in  stroke,  the  resulting 
accelerations  cannot  be  sustained.  A 
washout  network  in  the  computer  in- 

tegrates the  gondola  velocity  and  stroke 
remaining  so  that  the  acceleration  is 
reversed  soon  enough  to  prevent  hitting 
the  stops. 

The  deceleration  forces  remain  be- 
low the  human  feeling  threshold,  and 

the  gondola  is  returned  to  its  neutral 

position.  Meanwhile,  the  pilot  senses 
the  initial  movement,  and  visual  sensa- 

tion is  continued  by  the  external  vision 
projection  system. 

The  second  type  of  motion  involves 
unstable  flight  modes.  The  gondola 
oscillates  as  a  function  of  the  external 

forces  about  the  vehicle's  body  axes  and 
the  aerodynamic  and  inertial  character- 

istics of  the  simulated  vehicle. 

•  Miniature  planetarium — The  en- 
tire gondola  is  enclosed  in  a  20-ft.-dia. 

fiberglass  projection  sphere.  The  projec- 
tor mounted  on  top  of  the  gondola 

projects  a  scene  of  the  earth  horizon 
and  star  field. 

This  unit  is  suspended  in  a  four- 
gimbal  arrangement,  each  axis  of  which 
is  driven  by  a  closed-loop  electro- 

mechanical servo  with  unlimited  free- 

dom. One  light  source  is  fixed  in  the 
star  field  projector.  A  second  light  is 
elevated  inside  a  cylinder  whose  open 
base  creates  the  horizon. 

A  servo  elevates  this  light  source 
and  lowers  the  horizon  relative  to  the 

pilot's  eyes  as  a  function  of  the  com- 
puted altitude.  The  depression  angle  to 

the  horizon  is  correct  from  sea  level  to 
500  miles  altitude. 

A  shadow  box  covers  the  projector 
and  allows  only  the  light  required  to 
cover  the  pilot's  field  of  vision.  Since 
the  sources  are  above  the  pilot's  eye 
level  and  the  screen  a  mere  8  ft.  away, 
considerable  parallax  exists. 

To  correct  this  the  gondola  windows 
are  designed  as  prisms;  the  pilot  ap- 

parently sees  the  scene  as  directly  in front. 

The  projected  scene  is  always  ro- 
tated relative  to  the  longitudinal  axis 

of  the  gondola  and  independent  of  all 
real  motion  of  the  moving  and  pitching 
bases. 

In  the  near  future,  LTV  will  add  a 
seat  vibration  system  to  simulate  launch 
conditions  more  realistically.  Taped 
sounds  up  to  120  decibels  will  also  be 
incorporated.  Heating  elements  will 
elevate  wall  temperatures  up  to  240°F 
to  simulate  re-entry  conditions. 

The  entire  simulator  operation  is 
directed  from  a  master  control  station, 
which  contains  all  the  apparatus  re- 

quired to  maintain  all  phases  of  the 
simulator  during  operation.  This  in- 

cludes a  televised  picture  of  the  pilot. 
A  second  control  console,  the  safety 

station,  is  also  maintained  during  opera- 
tion of  the  simulator  to  insure  safe 

operation  of  the  moving  base. 
The  computer  facility  associated 

with  the  simulator  is  a  general-purpose 
analog  complex  with  added  digital  com- 

putation capability,  including  analog- 
to-digital-to-analog  conversion.  The  gen- 

eral equations  are  considered  permanent 
in  the  computer  setup,  but  vehicle  char- 

acteristics, display  parameters  and  con- 
trol system  configuration  are  readily 

changed.  X 
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missile  support 

Unique  Crane  Plants  Titans  in  Silos 

British-designed  machine  built  by  Unit  Crane  &  Shovel 

is  only  gasoline-electric  truck  crane  produced  in  U.S.; 

electrical  drive  satisfies  extreme  precision  requirement 

by  James  Trairtor 

PUTTING  AN  ICBM  in  its  silo 
calls  for  a  combination  of  sheer  lifting 
power  and  delicacy  not  commonly 
found  in  commercial  heavy-duty  cranes. 

The  Air  Force  is  using  a  unique 
British-designed  crane  to  place  the 
Titan  I  missile  in  its  hardened,  under- 

ground launcher — and  plans  to  use  the 
machine  to  emplace  Titan  ITs  as  they 
become  operational. 

Its  U.S.  builders,  the  Unit  Crane  & 
Shovel  Corp.  of  Milwaukee,  say  the 
primary  advantage  of  the  crane  is  its 
ability  to  provide  close-tolerance  posi- 

tioning of  a  missile.  This  precision  is 

possible  because  all  of  the  crane's  mo- 
tions are  electrically,  rather  than  me- 

chanically, driven. 
•  Overall  characteristics — The  ma- 

chine is  built  in  this  country  under 
license  from  Coles  Cranes,  Ltd.,  of 
Britain,  and  marketed  under  the  name 
UNIT-COLES.  Its  110-ft.  boom  is  con- 

structed of  heavy  tubular  steel,  in  con- 
trast to  the  lighter  angle  construction 

of  most  heavy  cranes.  The  heavy  struc- 
ture is  necessary  because  part  of  the 

lift  load  is  supported  from  a  hook  lo- 
cated about  two-thirds  of  the  way  down 

from  the  end  of  the  boom. 
Fully  erected  and  ready  for  opera- 

tion, the  crane  weighs  nearly  99,000 
lbs.  However,  to  meet  highway  load 
limitations  and  increase  mobility,  the 
traveling  weight  of  the  machine  can  be 
reduced  to  63,000  lbs. — just  inside  the 
rig  limits  of  32,000  lbs.  per  tandem 
axle  set  by  most  states.  The  reduction 
is  accomplished  by  removing  part  of  the 
crane  boom,  the  outrigger  boxes  and 
beams,  screw  jacks  and  the  counter- 

weight— a  process  requiring  about  30 
minutes. 

Using  the  standard  rating  system  for 
crane  capacity,  the  UNIT-COLES  lift- 

ing power  is  set  at  30  tons. 
•  Electrical  drive  system — The  only 

gasoline-electric  truck  crane  built  in  the 
U.S.,  the  missile-lifting  machine  derives 
power  for  each  of  its  individual  motions 
from    a    variable-speed,  series-wound 
missiles  and  rockets,  January  1,  1962 



motor.  Due  to  the  characteristics  of 
this  type  of  motor — particularly,  its 
tendency  to  slow  down  with  increasing 
load — accurate  control  can  be  main- 

tained over  the  load-hoist,  boom-hoist 
or  swing  motions,  or  any  combination 
of  these. 

Powering  these  motors  is  a  variable 
voltage  generator  which  in  turn  is 

coupled  to  the  crane's  gasoline  engine. 
The  generator  acts  as  a  torque  con- 

verter and,  since  infinitely  variable 
speed  control  is  obtained  without 
clutches,  it  allows  precise  and  contin- 

uous power  to  flow  to  the  motor-driven 
crane  motions. 

•  Safety  prime  concern — One  of  the 
main  considerations  in  handling  million- 
dollar  missile  packages  such  as  the 
Titan  is  safety — not  only  of  the  opera- 

tor and  launch  site  personnel  but  also 
of  the  load  itself.  Multiple  safety  de- 

vices have  been  incorporated  into  the 
design  of  the  machine. 

Dangerous  load  conditions  resulting 
from  too  great  a  boom  radius,  for 
example,  are  sensed  by  an  Automatic 
Safe  Load  Controller.  When  an  opera- 

tor begins  to  boom  out  beyond  a  safe 
distance  for  a  particular  load,  the 
machine  warns  him  by  means  of  a 
blinking  yellow  light  in  the  cab  of  the 
machine.  If  the  operator  ignores  this 
warning  and  continues  to  move  out- 

ward with  his  load,  the  safe  load  con- 
troller automatically  stops  and  holds 

the  boom  and  load  hoist  motions.  At 
the  same  time,  an  alarm  bell  begins 
ringing  and  a  flashing  red  light  comes 
on.  The  operator  cannot  move  the  load 
any  further  out  and  is  forced  to  reverse 
his  motion  until  he  has  brought  the  load 
back  well  within  a  safe  working  radius. 

A  second  safety  feature  is  provided 
by  limit  switches  which  restrict  maxi- 

mum and  minimum  boom  working 
angles.  "Dead  man''  control  is  achieved 
by  positive-action  spring-loaded  switches 
with  which  the  operator  engages  all 
crane  motions.  If  a  switch  is  released 
for  any  reason,  the  crane  motion  comes 
to  a  halt. 

Safety  is  also  provided  by  the  re- 
quirement that  the  generator  voltage  be 

below  operating  level  before  motion  can 
be  engaged.  Hence  snatching  of  the 
load  is  prohibited.  Electromechanical 
brakes  are  constructed  so  that  they  are 
in  a  normally  applied  position.  When 
an  operating  motion  is  engaged,  electro- 

magnetic coils  release  the  brakes.  Con- 
sequently if  a  current  failure  should 

occur,  the  spring-loaded  brakes  would 
be  instantly  reapplied. 

•  Lightweight  remote  controller — 
Since  the  crane  is  electrically  driven,  it 
is  possible  to  use  a  remote  control  unit 
rather  than  restricting  the  operator  to  a 
position  in  the  cab  of  the  crane  where 
his  vision  may  be  limited  because  of 
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SHORT-DISTANCE  mobility  is  provided  by  folding  upper  section  of  crane  under 
lower  and  locking  the  two  together.    Wheels  on  boom  are  bolted  on  after  folding. 

distance  from  the  load.  Therefore  a  4- 
lb.,  7-oz.  remote  control  unit  is  used 
with  the  silo-loading  crane  to  enable 
the  operator  to  be  as  close  to  the  mis- 

sile operation  as  necessary. 
With  this  lightweight  device,  the 

operator  can  control  all  of  the  crane's motions  from  anywhere  in  the  silo 
area  and  even  from  the  bottom  of  the 
silo  itself.  The  same  safety  measures 
are,  of  course,  present  in  the  remote 
operation. 

•  System  operation — The  first  stage 
of  the  Titan  is  picked  up  from  its 
transporter  by  using  both  of  the  lifting 
hooks.  Then,  by  hauling  in  upper  lift- 

ing hook  cable  and  letting  out  the 

REMOTE  CONTROL  unit  allows  operator 
to  control  load  from  anywhere  in  launch 
area. 

lower,  the  booster  is  gradually  brought 
to  a  vertical  position.  It  is  lowered  into 
the  silo  by  the  operator  using  the  re- 

mote control  unit. 
At  the  bottom  of  the  silo,  the  load 

is  stopped  and  four  men  position  spikes 
located  inside  the  booster  over  four 
holes  drilled  in  the  launcher.  The 
booster  is  then  lowered  to  its  final  posi- 
tion. 

The  second  and  successive  stages 
are  handled  in  essentially  the  same  way 
except  that,  in  these  cases,  precise  posi- 

tioning is  required  to  allow  mating  of 
these  units  to  the  booster. 

For  short-distance  travelling,  the 
crane  is  not  disassembled.  Rather  the 
boom  is  lowered  and  two  hinge  pins — 
located  approximately  half-way  up  the 
crane  boom — are  removed.  Then,  as  the 
boom  is  raised  again,  the  upper  section 
folds  in  and  under  the  lower.  Wheels 
are  then  bolted  to  the  face  of  the  folded 
section  and  the  sections  are  locked  to- 

gether. (Later  models  of  the  crane  will 
have  these  wheels  built  in  to  save  time). 

The  crane,  once  the  outriggers  and 
jacks  are  pushed  back  into  their  storage 
position,  is  ready  to  move  to  the  next 
silo  locations.  The  entire  boom-folding 
process  requires  about  12  minutes. 

•  Wide  acceptance — Already  stand- 
ardized for  the  Titan  I  application,  the 

machine  is  expected  to  be  used  in  the 
Titan  II  program.  In  addition,  hun- 

dreds of  UNIT-COLES  machines  are 
being  used  throughout  the  country  by 
such  companies  as  General  Dynamics/ 
Astronautics,  Boeing,  Hercules  Powder 
Corp.,  Thiokol  Chemical  Co.,  Douglas 
— and,  of  course,  the  prime  contractor 
for  Titan  support  equipment,  American 

Machine  &  Foundry.  ~ 
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LEFT:  After  tapering,  the  bars  are  placed  on  a  conveyor  which 
feeds  them  into  a  furnace.  Over  40  feet  long  and  with  a  hearth 
area  greater  than  500  square  feet,  the  furnace  uniformly  heats 
the  bars  to  a  maximum  temperature  of  1700°F,  then  discharges 
them  for  the  coiling  operation.  RIGHT:  The  machine  perform- 

ing the  coiling  operation  resembles  a  large  lathe,  with  the  coil- 
ing mandrel  occupying  the  position  normally  assumed  by  the 

work  piece.  The  coiling  guide  or  eye  which  determines  the  pitch 

of  the  coils  can  be  compared  to  the  tool  post;  it  is  geared  to 
move  longitudinally  at  a  prescribed  feed. 

In  the  coiling  operation,  the  bar  is  pulled  out  of  the  end  of 
the  furnace  and  fed  through  the  coiling  guide  to  the  mandrel, 
where  the  bar  is  mechanically  dogged  to  the  mandrel  and  against 
the  headstock.  As  soon  as  the  mandrel  is  rotating,  the  coiling 
guide  begins  to  move  away  from  the  headstock  end,  feeding  the 
hot  bar  onto  the  mandrel  at  the  prescribed  pitch. 

missile  support 

Biggest  Coil  Springs  Hold  Titan  II 

Atlas  F's  also  suspended  in  Hammond  Div. 

half-ton  aircraft-quality  coils,  nested  in 

groups  of  four;  an  exclusive  report 

Chicago — "The  largest  coil  springs  in  the  Free  World" — 
to  hold  Titan  II  missiles  suspended  and  virtually  shock-free 
in  their  silos  are  now  being  manufactured  at  the  Hammond 
Division  of  American  Steel  Foundries. 

Weighing  nearly  1000  pounds  each  and  measuring  over 
14  inches  in  diameter  and  56  inches  free  height,  the  springs 
are  nested  in  groups  of  four  on  each  of  the  four  struts 
holding  the  ICBM  in  readiness. 

Atlas  F,  as  well  as  Titan  II,  suspension  springs  are  made 
at  Hammond  with  the  same  manufacturing  procedure  shown 
pictorially  here. 

Titan  II  springs  must  be  matched  so  that  the  load  rate 
of  each  strut  within  the  silo  is  within  one  percent  of  any 
other  strut.  To  meet  this  as  well  as  reliability  requirements, 
metallurgists  selected  as  a  material  a  modified  4160  (in- 

creased molybdenum)  aircraft-quality,  fine-grained,  turned, 
ground  and  polished  steel,  with  an  as-quenched  hardenability 
of  Rockwell  C-50  at  the  center. 

First  step  in  forming  the  spring  is  to  taper  its  ends  into 
a  wedge  shape,  in  order  to  give  the  spring  firm  bearing 
areas  on  its  extremities.  In  this  operation,  the  end  of  the  bar 
is  heated  to  forging  temperature  (about  1900°F)  and  in- 

serted between  two  rotating  eccentric  rolls  which  squeeze 
out  the  proper  taper.  8 
LEFT:  The  spring  is  quenched  directly  after  coiling,  a  unique 
procedure  for  a  spring  so  large.  Advantage  is  that  a  reheating 
operation,  which  would  introduce  insulating  scale  and  added 
decarburization,  is  eliminated;  this  results  in  the  quenching  of 
a  relatively  free-bar  surface  and  hence  produces  a  more  uniform microstructure. 

To  effectively  and  uniformly  quench  the  spring,  the  quench- 
ing oil  in  the  tank — seen  below  the  left-hand  cradle — is  main- 

tained at  a  specific  temperature  and  is  kept  at  a  high  degree  of 
agitation. 
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LEFT:  A  unique  feature  of  the  coiling  operation  is  that  the 
entire  coiling  machine  is  set  on  tracks  and  is  geared  to  move 
longitudinally  in  the  headstock  direction  while  the  spring  is 
being  coiled.  Thus  the  uncoiled  bar  does  not  move  longitudi- 

nally but  only  into  the  coiling  machine.  Also,  the  bar  is  always 
fed  through  the  coiling  guide  and  onto  the  mandrel  at  the  same 

RIGHT:  After  tempering,  the  spring  is  preset  a  minimum  of  six 
times  in  a  large  press.  In  this  operation,  a  load  equivalent  to 
125%  of  the  solid  capacity  of  the  spring  is  applied,  closing  all 
coils  firmly  solid.  The  spring  takes  a  permanent  set  and  its  free 
height  is  stabilized  so  that  subsequent  overload  compressions 
will  not  result  in  further  loss  in  height. 

The  next  operation  is  grinding  the  spring  ends  to  insure 
getting  a  true,  flat  bearing  surface.  Two  springs  at  a  time  are 
clamped  in  "V"  blocks  attached  to  a  carriage,  which  is  oscillated 
back  and  forth  against  a  48-inch  grinding  wheel.  A  water- 
emulsion  coolant  is  kept  flowing  on  the  working  to  avoid 
overheating. 

Silo  Strut-Springs  Specifications 
Missile Titan  II 

Atlas  F* No.  suspension 
struts/ silo 4 8 

No.  springs 
(6  large 

per  strut 4 —  14    \6  intermed. 

\2  inner Outside  dia.  (in.) 14.25 21.75,  14.75,  9.31 
inside  dia.  (in.) 8.25 15.75,  10.38,  6.47 
Bar  dia.  (in.) 2.99 

3,  2,  1.25 Free  height  (in.) 56.5 48,  47,  46 
Solid  height  (in.) 41.4 22.8,  21.6,  20.6 
Solid  Capacity  (lb.) 98M 68.8M,  30.7M,  7  2.JM 
Solid  stress  (kpsi) 158 762,  160,  750 
Load  rote  (16/ ir  ' 6500 2730,  7  27  0,  476 
Weight  (lb.) 990 929,  384,  141 

*Where    three    numbers    appear,    they    are    respectively    for    large  spring. intermediate  and  inner. 

RIGHT:  The  next  step  is  magnetic-particle  inspection,  where  the 
surface  of  the  spring  is  checked  for  flaws.  Then  the  spring  is 
given  a  stress-relieving  treatment  and  is  subsequently  ready  for 
the  shotpeening  operation.  The  effect  of  shotpeening  is  to  im- 

press a  compressive  stress  pattern  on  the  spring's  surface,  thereby giving  additional  protection  against  failure. 
After  shotpeening,  the  spring  is  run  through  a  bank  of  final 

inspections,  matched  against  other  springs  to  get  an  appropriate 
nest  for  each  strut,  and  subsequently  palleted  for  shipment. 
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angle.  As  a  result,  the  friction  values  remain  fairly  constant, 
resulting  in  a  uniform  pitch.  RIGHT:  After  the  coiling  opera- 

tion, the  mandrel  is  withdrawn  through  the  tail  stock,  freeing 
the  spring  and  allowing  it  to  roll  into  an  adjacent  conveyor. 
The  spring  is  scanned  by  an  electric  eye,  which  triggers  quenching 
if  the  spring  steel  is  at  an  appropriate  temperature. 



Special  Report:  Navy  R&D 

(Continued  from  page  15) 

marines  —  undoubtedly  nuclear  types, 
well  before  this  decade  is  over — and 
being  able  to  "kill"  them. 

Called  "TENOC-61",  this  long- 
range  Navy  program  was  approved  this 
past  March  by  Admiral  Arleigh  A. 
Burke,  former  Chief  of  Naval  Opera- 

tions; and  if  carried  out  will  multiply 

by  many  times  the  service's  present research  funding  in  oceanography. 
The  work  expected  to  be  done  under 

the  TENOC-61  program  can  be  divided 
into  eight  areas: 

1 )  Military  oceanography.  The  bulk 
of  the  oceanographic  money  goes  into 
programs  directly  supporting  Navy  de- 

velopment programs.  Thus,  $245  mil- 
lion earmarked  "military  oceanography" 

will  pay  for  work  in  acoustics,  mag- 
netics and  gravity,  other  physical  prop- 

erties of  the  sea,  marine  biology,  Arctic 
operations  and  deep-sea  phenomena. 
The  Bureau  of  Ships,  Bureau  of  Weap- 

ons, and  ONR  coordinate  specific  areas 
involving  the  efforts  of  about  20  Navy 
and  civilian  research  organizations. 

2)  Ships.  Ship-building  and  outfit- 
ting get  $229  million.  The  TENOC 

program  calls  for  constructing  35  new 
ships — 16  survey  vessels  and  8  others 
to  replace  existing  ships.  This  phase 
of  TENOC  is  coordinated  within  the 
office  of  the  Deputy  Chief  of  Naval 
Operations  (Development). 

3)  Basic  research.  Universities  and 
private  laboratories  under  contract  with 
ONR  will  make  studies  in  physical, 
chemical,  geological,  meteorological  and 
biological  oceanography.  Budget  is 
$210  million,  third  highest  in  the 

program. 
4)  Oceanographic  surveys.  Detailed 

mapping  and  charting  of  the  oceans  is 
needed  for  navigation,  communications, 
detection  and  mine  laying.  During  the 
decade,  the  Navy  plans  to  spend  $128 
million  for  this  work,  which  calls  for  a 
tenfold  increase  in  basic  data  collection 
by  fleet  units.  Coordinated  by  the 
Hydrographic  Office,  the  information 
sought  will  include  data  on  bathymetry, 
gravitational  and  magnetic  fields,  cur- 

rents and  sea  temperatures. 
5)  Instruments.  A  $46-million  pro- 

gram calls  for  improvements  in  all  types 
of  oceanographic  instruments.  Specific 
needs  are  for  better  sensors,  cable  and 
connectors,  cable-handling  winches,  mo- 

nitors and  recorders,  and  telemetry 
equipment.  The  Hydrographic  Office  is 
responsible  for  coordinating  this  effort. 

6)  Forecasting.  An  $18-million  pro- 
gram calls  for  achieving  an  operational 

marine-environment-prediction  system 
by  1965.  One  phase  of  the  program,  co- 

ordinated by  the  Hydrographic  Office, 
is  the  Antisubmarine  Warfare  Environ- 

mental Prediction  Systems  (ASWEPS). 
Oceanographic  forecasts  cover  the  pre- 

diction of  sea  ice,  currents  and  other 
factors  for  optimum  ship  routing  and 
for  the  conduct  of  surface,  submarine 

amphibious,  mine  warfare  and  nuclear 
warfare  operations. 

7)  Another  $18-million  program 
calls  for  expanding  and  improving 
oceanographic  research  and  develop- 

ment facilities  at  1 1  Navy  and  civilian 
installations. 

8)  Information  dissemination.  The 
National  Oceanographic  Data  Center, 
dedicated  a  year  ago,  is  a  central  depos- 

itory and  processing  facility  for  ocean- 
ographic data  (M/R,  Nov.  28,  p.  22). 

During  the  next  few  years,  the  Cen- 
ter plans  to  introduce  large-scale 

machine-processing  techniques  to  ocean- 
ographic data-handling,  and  also  expects 

to  play  a  major  role  in  the  research  and 
development  of  new  instruments  that 
will  yield  data  compatible  with  the 
Center's  function. 

The  Hydrographic  Office  will  coor- 
dinate the  information  program,  for 

which  the  Navy  plans  to  spend  $  1 1 
million  under  TENOC.  Much  more  un- 

doubtedly will  be  spent  for  such  work 
because  of  the  high  interest  of  other 
government  agencies. 

The  Navy's  research  installations 
are  on  their  way  to  "first  name"  rela- tionships with  industry  and  with  the 
service's  highest  policy  makers.  Secre- 

tary Wakelin  maintains  that  this  is  the 
only  way  to  keep  up  with  technology 
and  use  it  adequately  for  the  national 
defense.  It  appears  that  industry  will 
also  benefit  because  it  will  be  treated  as 
a  partner,  instead  of  an  adjunct,  in  the 
RDT&E  effort.  » 

Navy  Research  Problems 

(Continued  from  page  18) 

ited  to  passive  (or  otherwise  secure)  de- vices. 

PROBLEMS  (BuWcps):  Develop  a  method 
for  rapid  determination  of  moisture  in 
solid  propellants. 
BACKGROUND:  Oven  drying  methods 
and  chemical  drying  methods  are  laborious 
and  time-consuming. 
PROBLEM  (BuShips):  Develop  a  device 
(utilizing  the  Pilsch  tube  principle  perhaps) 
to  separate  warm  air  from  cold  air.  A 
similar  device  for  water  separation  is  also 
needed. 
BACKGROUND:  At  the  present  time, 
closed  loop  cooling  systems  using  air  or 
water  as  the  coolant  are  used  to  cool  high- 
power  electronic  equipment  aboard  ship. 
Heat  from  these  systems  is  discharged  into 
the  equipment  compartment.  A  device 
similar  to  a  Pilsch  tube  that  could  separate 
the  coolant  into  hot  and  cold  portions 
would  be  useful. 

PROBLEM  (BuWcps):  Develop  a  nonde- 
structive test  method  to  measure  bond 

strength  between  similar  or  dissimilar  ma- 
terials. 
BACKGROUND:    Present   test  methods 

are  limited  to  ultrasonic  and  radiographic 
techniques.  When  used  with  solid-propel- 
lant  rockets,  the  test  results  give  only  a 
relative  index  of  the  presence  of  a  bond. 
They  are  of  no  use  in  determining  the 
degree  of  the  bond. 
PROBLEM   (BuShips):   Develop   an  ac- 

SUPER-CAVITAT1NG  propellers  devel- 
oped through  tests  at  David  Taylor  Model 

Basin  are  used  on  some  experimental 
hydrofoils. 

curate  method  of  taking  simultaneous 
temperature  measurements  of  sea  water 
down  to  depths  of  20,000  feet.  These  meas- urements must  be  taken  in  a  vertical  line 
from  the  surface  at  10-foot  increments 
down  to  500  feet  and  at  20-foot  incre- 

ments below  500  feet.  The  vertical  line 
must  be  maintainable  in  a  2-knot  current. 
BACKGROUND:  Present  temperature- 
measuring  equipment  does  not  make  sim- 

ultaneous measurements  at  all  depths  and 
does  not  measure  temperature  in  a  vertical 
line.  The  real  need  is  a  method  to  keep 
a  line,  chain,  or  array  vertical  when  it  is 
subjected  to  moderate  currents  during  and 
after  lowering  from  a  stationary  vessel. 

PROBLEM  (BuWeps):  Develop  a  rugged, 
portable,  and  extremely  simple  field- 
strength  meter  for  high-level  RF  fields 
which  will  measure  intensities  from  0.01 
to  1000  v/m  with  an  accuracy  of  ±25% 
over  the  frequency  range  from  15,000 
cycles  to  15,000  megacycles. 
BACKGROUND:  The  field-strength  me- 

ters currently  on  the  market  do  not  satisfy 
this  need.  They  are  expensive,  complicated, 
and  limited  in  their  frequency  response. 
A  simple,  dependable  instrument  is  needed; 
it  may  utilize  any  basic  principle.  Current 
technology  should  permit  such  a  develop- 

ment, although  the  frequency  range  re- 
quirement will  demand  an  ingenious  solu- 
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ARTIST'S  DRAWING  of  the  prototype  of  a  family  of  oceanographic  research  vehicles 
currently  being  built  for  the  Navy. 

lion,  since  it  is  coupled  Lo  practical  use 
restrictions. 

PROBLEM  (BuWeps):  Develop  a  tem- 
perature-measuring instrument  for  measur- 

ing rocket  exhaust  temperatures  in  the 
range  of  5000  °F. 
BACKGROUND:  In  general,  methods  em- 

ploying physical  contact  with  the  stream 
are  unacceptable  because  of  material  lim- 

itations and  the  disturbances  introduced 
into  the  stream.  Methods  employing  re- 

mote sensors  such  as  sound  velocity  meters 
and  optical  and  total  radiation  pyrometers 
are  particularly  applicable  if  the  effect  of 
boundary  regions  can  be  minimized. 

ELECTRONICS 

PROBLEM  (BuWeps):  Develop  a  rugged, 
multiple-channel  recorder  for  use  within 
test-fired  torpedoes.  The  recorder  should 
have  25  input  channels  and  should  furnish 
a  permanent  record  in  a  form  from  which 
the  data  can  be  obtained  quickly  and 
processed  automatically.  The  recorder 
should  occupy  less  than  600  cubic  inches. 
BACKGROUND:  As  presently  practiced, 
torpedo  exercise  and  developmental  unit 
runs  require  oscillographic  monitoring  of 
selected  characteristics  to  permit  recon- 

struction of  actual  performance  after  the 
torpedo  is  recovered.  Since  such  programs 
are  often  sequential,  the  availability  of 
data  immediately  after  recovery  would  en- 

able program  modifications  to  be  made 
quickly  and  both  test  programs  and  fleet 
exercises  would  benefit.  At  present  the 
photographic  processing  requirement  is  a 
severe  restriction  which  precludes  more 
efficient  programing. 

PROBLEM  (BuWeps):  a)  Devise  a  prac- 
tical embodiment  of  cryogenic  devices  in 

a  modular  memory  unit,  b)  Establish  a 
practical,  economical,  mass-production 
technique  for  the  basic  cryogenic  device, 
c)  Find  a  substitute  possessing  the  charac- 

teristics of  the  basic  cryogenic  device  with- 
out its  operating  environment  restriction 

(4°  Kelvin). 
BACKGROUND:  Cryogenic  units  have 
demonstrated  both  theoretically  and  em- 

pirically that  they  possess  a  potential  for 
significantly  advancing  the  computer  art. 
Unfortunately,  their  remarkable  contribu- 

tion is  contingent  upon  operation  in  the 
super-conductivity  regions  of  temperature, 
i.e.,  4°K.  This  has  necessitated  the  use  of 
accessory  equipment  which  effectively  can- 

cels much  of  the  advantages  offered  by  the 
devices.  A  further  problem  has  maintained 
the  devices  as  primarily  laboratory  curi- 

osities: their  manufacture  is  dependent  on 
vacuum  deposition  processes  which  are 
poor  in  reproduction  and  consequently  not 
susceptible  to  manufacture  in  quantity. 

PROBLEM  (BuWeps):  Develop  highly  ac- 
curate digital  output  transducers.  Develop- 

ment is  needed  in  the  area  of  transforming 
the  variation  of  physical  phenomena  into 
a  digital  voltage  with  precision  of  one  part 
in  2s  to  one  part  in  210;  a  frequency 
response  from  DC  to  several  kc  is  needed. 
BACKGROUND:  At  the  present  time, 
transducers  with  a  digital  output  are  not 
available.  The  analog  output  signal  of 
present  transducers  must  be  converted  to 
digital  form  by  circuitry  external  to  the 

transducer  before  it  can  be  used  as  an 
input  to  digital  computers. 

The  development  might  proceed  along 
two  lines:  a)  Examination  of  materials  for 
characteristics  suitable  for  application  to 
the  transforming  of  physical  phenomena 
into  a  digital  voltage;  b)  Refinement  of 
analog  instruments  together  with  schemes 
of  analog-to-digital  conversion,  perhaps  in 
each  end  instrument. 

PROBLEM  (BuWeps):  Design  a  feedback 
potentiometer  for  use  in  the  high-tem- 

perature (1000°F)  environments  associated with  missile  servos. 
BACKGROUND:  Potentiometers  used  in 
missile  servo  systems  tend  to  break  down 
due  to  environmental  heating.  As  the 
temperatures  increase,  the  resistance  of 
the  bridge  changes,  and  inaccurate  servo 
positions  result.  Also,  the  solder  used  in 
the  potentiometer  sometimes  melts  and  in- 

creased temperatures  cause  mechanical 
binding. 

MISCELLANEOUS 

PROBLEM  (BuShips):  Develop  a  dry 
storage  battery  with  the  following  char- 

acteristics: a)  Maximum  diameter:  2.75 
inches;  b)  Maximum  length:  5  inches;  c) 
Output:  250  watts  at  12  volts  for  18  min- 

utes; d)  Rise  time:  Approximately  5  sec- 
onds; e)  Shelf  life:  3  years;  f)  Activation: 

By  injection  of  electrolyte  upon  impact. 
BACKGROUND:  The  characteristics 
above  constitute  a  needed  improvement  on 
an  existing  primary  reserve  battery  used 
in  a  countermeasure  beacon. 

PROBLEM  (BuWeps):  An  order  of  mag- 
nitude improvement  in  batteries  is  essen- 

tial for  their  future  utilization  as  primary 
power  sources  (torpedoes)  and  auxiliary 
power  sources.  Several  improvements  in 
specific  types  of  batteries  or  in  battery 
characteristics  are  needed:  a)  A  battery 
that  will  provide  100  kilowatts  for  15 
minutes  (torpedo  propulsion) — 500  watt- 
hours  per  pound  or  19  watt-hours  per 
cubic  inch;  b)  A  battery  that  will  provide 
10  kilowatts  for  5  minutes  (guided  missile 
auxiliary  power)  —  200  watt-hours  per 
pound  or  7.5  watt-hours  per  cubic  inch; 

c)  A  rugged  dry  cell  capable  of  full  capac- 
ity without  activation  after  10  years  of 

shelf  storage  at  temperatures  to  120°F; d)  A  small,  light  battery  that  will  operate 
reliably  over  a  temperature  range  of 
-65°F  to  160°F.  It  must  be  capable  of 
automatic  activation  without  warmup 
time;  e)  A  reduction  in  cost,  volume,  and 
weight  of  all  types  of  batteries,  coupled 
with  an  increase  in  reliability  of  activation. 
BACKGROUND:  The  field  of  underwater 
ordnance,  with  specific  reference  to  mines 
and  torpedoes,  utilizes  batteries  as  a  basic 
energy  source.  The  importance  of  devel- 

opments in  this  field  parallel  the  increased 
urgency  of  countering  a  growing  sub- 

marine threat.  Despite  gains  achieved 
through  research  and  development,  the 
situation  in  obtaining  high-power,  efficient, 
long-shelf-life  batteries  at  a  cost  commen- 

surate with  their  basic  expendable  nature 
is  deplorable. 
PROBLEM  (BuDocks):  Develop  rapid 
means  for  stabilizing  beach  sands  to  sup- 

port military  operations. BACKGROUND:  The  Bureau  of  Yards 
and  Docks,  over  a  period  of  years,  has 
investigated  various  chemicals  which  can 
be  added  to  beach  sands  in  order  to  sta- 

bilize the  sand  so  that  heavy  vehicular 
traffic  can  be  supported.  Chemicals  stud- 

ied were  unsatisfactory  because  of  their 
toxicity,  the  large  logistic  effort  required 
in  obtaining  suitable  mixing,  placing  and 
curing  of  the  sands,  and  the  inability  of 
the  stabilized  sands  to  carry  sustained 
traffic.  A  low  cost,  rapid  method  for  sta- 

bilizing the  sands  which  requires  minimum 
equipment,  is  desired  in  order  to  increase 
the  mobility  of  operating  forces  in  a  mili- 

tary operation. 

PROBLEM  (BuWeps):  Develop  a  self- 
pressurization  system  for  injection  of 
propellants  into  liquid  rocket  engines. 
BACKGROUND:  The  present  method  of 
introducing  propellants  into  the  thrust 
chamber  of  liquid  rocket  engines  involves 
either  the  use  of  pressurizing  grains  or 
turbopumps.  Both  of  these  contribute 
weight  and  complexity  to  the  operation  of 
the  engine.  Yet,  the  propellants  themselves 
afford  a  source  of  pressurization.  tt 
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names  in  the  news 

PATTERSON VON  ELBE OSGOOD CHACE 

Barney  N.  Dagan  and  Gerald  E.  Bals- 
ley:  Named  vice  presidents  of  Kaiser  Steel 
Corporation.  Dagan,  as  vice  president  of 
operations,  will  direct  the  company's  steel- making  operations  at  Fontana,  Calif.  He 
was  previously  associated  with  Youngs- 
town  Sheet  &  Tube  Co.,  and  has  been  with 
Kaiser  Steel  since  1946.  Prior  to  joining 
the  Kaiser  organization  in  1950,  Balsley 
worked  for  Schenley  Industries  and  for 
Pacific  Can  Company. 

R.  E.  Ousley:  Named  vice  president- 
sales  of  Fleming  Industries,  Inc.,  Torrance, 
Calif.  In  the  electronics  and  ordnance  field 
for  about  10  years,  he  was  formerly  vice 
president-sales  for  Networks  Electronics. 

Dr.  Joseph  A.  Boyd:  Director  of  the 
University  of  Michigan's  Institute  of Science  &  Technology,  will  join  Radiation 
Incorporated,  Melbourne,  Fla.,  as  vice 
president  and  assistant  to  the  president. 
Dr.  Boyd  has  been  consultant  for  the  In- 

stitute for  Defense  Analysis  since  1956; 
consultant  for  the  National  Security 
Agency  since  1957;  special  consultant  to 
the  Army  Combat  Surveillance  Agency 
since  1958;  and  member,  then  chairman, 
of  the  Advisory  Group  on  Electronic  War- 

fare, Office  of  the  Director  of  Defense 
Research  and  Engineering,  since  1959. 

Charles  G.  Gant,  space  systems  opera- 
tions executive  at  Ford  Motor  Company's Aeronutronic  Division,  Newport  Beach, 

Calif.,  has  been  appointed  general  opera- 
tions manager  of  Penetration  Aids,  for- 
merly a  component  of  Aeronutronic's  Space 

Systems  Operations  but  now  on  full  op- 
erations status  to  implement  the  commit- 

ments of  the  secret  decoy  project  being 
carried  out  for  the  Air  Force  ICBM  pro- 

gram. Gant  has  had  extensive  government 
administrative  experience  and  was  for- 

merly associated  with  the  Lockheed  Missile 
Systems  Division  research  laboratories. 

Col.  Charles  G.  Patterson,  U.S.  Army 
(Ret.):  Named  a  director  and  vice  president 
in  charge  of  planning  by  Belock  Instru- 

ment Corporation's  board  of  directors.  He is  a  former  director  of  special  weapons  in 
the  Office  of  the  Chief  of  Research  and 
Development,  and  served  as  a  member  of 
40 

the  staff  of  the  Army  Ballistic  Missile 
Agency  and  the  Ordnance  Missile  Com- 

mand. During  World  War  II,  Patterson 
was  Air  Defense  Chief  of  the  First  Army. 

F.  E.  Newbold,  Jr.:  Vice  president  and 
director  of  Fairchild  Stratos  Corp.  and 
general  manager  of  its  Stratos  Division, 
has  been  named  corporate  director,  Wash- 

ington operations,  of  the  aerospace  firm. 
All  of  the  company's  off-site  representa- tion activities  will  report  to  Newbold.  He 
has  been  with  Fairchild  Engine  and  Air- 

plane Corp.  since  1940,  starting  as  a  stu- 
dent engineer,  rising  to  vice  president  in 

1952,  and  becoming  a  director  in  1959. 

Dr.  Guenther  von  Elbe:  Joined  Atlan- 
tic Research  Corporation  as  a  staff  scientist 

in  the  company's  Kinetics  &  Combustion Division.  Formerly  with  Combustion  & 
Explosives  Research,  Inc.  as  vice  president, 
Von  Elbe  has  worked  with  the  U.S.  Bu- 

reau of  Mines  and  with  the  Carnegie  In- stitute of  Technology. 

Leonard  Pincus:  Vice  president  and  di- 
rector of  the  Microwave  Laboratory  of 

Quantatron,  Inc.,  has  been  elected  to  the 
Board  of  Directors.  Prior  to  his  present 
position,  Pincus  was  with  Hughes  Aircraft, 
Airtron,  Inc.  Division  of  Litton  Industries, 
and  Lockheed  Missile  and  Space  Division. 

R.  M.  Osgood:  Named  general  manager 
of  a  new,  completely  integrated  eastern 
operation  established  by  Sylvania  Elec- 

tronic Systems,  a  division  of  Sylvania 
Electric  Products  Inc.  The  operation  was 
formed  through  consolidation  of  the  divi- 

sion's Waltham  Laboratories  and  Data 
Systems  Operations  in  Needham,  Mass. 
Osgood,  who  has  been  with  the  company 
since  1955,  was  formerly  chief  of  the 
Electronic  Defense  Systems  Division  of 
the  Air  Force's  Air  Materiel  Command. 

Dr.  Lloyd  P.  Smith:  Research  director, 
Research  Laboratory,  at  Ford  Motor  Com- 

pany's Aeronutronic  Division,  Newport Beach,  Calif.,  has  been  appointed  by  the 
Office  of  the  Secretary  of  Defense  as  a 
member  of  the  Defense  Science  Board,  and 
will  also  serve  on  the  Executive  Committee 
of  the  Board.  Dr.  Smith  currently  is  chair- 

man of  the  Physics  Section,  Research  Divi- 
sion, American  Ordnance  Association,  and 

a  member  of  the  Advisory  Council,  Col- 
lege of  Engineering,  Cornell  University; 

Advisory  Council,  Department  of  Elec- 
trical Engineering,  Princeton  University; 

Solid  State  Physics  Panel  formerly  con- 
nected with  the  Office  of  Naval  Research; 

and  Advisory  Committee  for  Thermo- nuclear Research,  Oak  Ridge  National Laboratory. 

George  S.  Cusuman:  Promoted  to  the 
position  of  Vice  President-Operations  of 
the  Lockheed  Propulsion  Company.  He 
has  recently  been  assigned  assistant  vice 
president-project  management  and  con- 

tracts and  assistant  vice  president-program 
management.  Prior  to  joining  Lockheed 
Propulsion  Company,  he  was  associated 
with  Convair-Pomona  and  the  Office  of 
Guided  Missiles  for  the  Secretary  of  De- fense. 

Arthur  F.  Chace,  Jr.:  Formerly  with 
Samson  Cordage  Works  as  executive  vice 
president  and  director,  has  joined  Vitra- 
mon,  Inc.,  as  executive  vice  president.  He 
has  been  associated  with  Textron,  Inc.  and 
the  Central  Hanover  Bank  and  Trust  Co. 

William  S.  Reid,  Jr.:  Promoted  to 
Minuteman  Contracts  and  Proposal  man- 

ager for  the  Automatics  Division,  North 
American  Aviation,  Inc.  In  his  new  post 
Reid  is  responsible  for  the  preparation, 
pricing  and  negotiation  of  all  Autonetics 
Minuteman  proposals  and  contract  admin- istration. 

John  J.  inland:  Acton  Laboratories, 
Inc.,  a  subsidiary  of  Bowmar  Instrument 
Corporation,  announced  the  election  of 
Iffland  to  the  post  of  president.  He  comes 
to  the  company  from  the  Raytheon  Com- 

pany and  had  formerly  been  associated 
with  the  IT&T  Laboratories,  Harvard 
University  Underwater  Sound  Laboratory, 
Pennsylvania  State  University  Ordnance 
Research  Laboratory,  and  the  University 
of  Michigan  Aeronautic  Research  Center. 

John  J.  Graham:  Former  vice  presi- 
dent of  Radio  Corporation  of  America,  has 

been  named  vice  president  and  executive 
assistant  to  the  president  of  International 
Telephone  and  Telegraph  Corp.  Before 
joining  RCA  he  held  executive  positions 
with  I.T.E.  Circuit  Breaker  and  the  Budd 
Company. 
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contracts 

AIR  FORCE 

$14.285,000 — Massachusetts  Institute  of  Tech- 
nology, Cambridge,  for  research  In  re- 

entry physics,  acquisition  of  specialized 
equipment  and  for  product  improvement 
on  spin-axis  gyro  bearings  (two  con- tracts). 

$13,000,000 — Martin  Marietta  Corp.,  Denver, for  activation  of  Titan  operational  sites 
in  the  vicinity  of  Lowry  AFB,  Colo. 

$7,977.636 — General  Dynamics  Corp.,  San 
Diego,  for  technical  information  on  the 
Atlas  F  missile  and  for  installation  and 
checkout  of  the  Atlas  missile  (two  con- tracts). 

$5.600,000 — Lockheed  Missiles  and  Space  Co., 
Sunnyvale,  Calif.,  for  production  of 
boosters  for  satellite  vehicles  and  for  de- 

sign, fabrication  and  test  of  aerospace 
ground  equipment  for  satellite  vehicle 
launch  support  (two  contracts). 

$4,334,239— Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  for  production  of  spare  parts 

and  ground  support  equipment  for  use in  launch  of  satellite  vehicles. 
$4,000,000 — General  Precision,  Inc.,  Tarry- town,  N.Y.,  and  AC  Spark  Plug  Division, 

General  Motors,  $2,000,000  each  for  re- 
search and  development  of  a  stellar  in- 

ertial  guidance  system  with  application 
to  long-range  ballistic  missiles. 

$4.000,000— Hughes  Aircraft  Co.,  Culver  City. 
Calif.,  to  provide  automatic  checkout 
equipment  for  inertial  guidance  packages 
for  Minuteman,  Titan  II  and  Skybolt 
missiles. 

$3,381.015 — North  American  Aviation  Inc.,  for 
spare  parts  to  support  Minuteman  guid- ance and  control  systems  (work  to  be 
done  at  Downey,  Calif.)  and  for  produc- 

tion of  launchers  and  aircraft  modifica- 
tion kits  for  Bullpup  (work  to  be  done  in 

Los  Angeles). 
$3.218,338 — Philco  Corp.,  Palo  Alto,  Calif.,  for installation  and  checkout  of  a  satellite 

vehicle  tracking  station. 
$3,015,000— Hughes  Aircraft  Co.,  Culver  City. 

Calif.,  for  Falcon  missiles  and  related 
equipment. 

$2.800.000 — Douglas  Aircraft  Co.,  Santa  Mo- 
nica, Calif,  for  launch  services  at  Vanden- 

berg  AFB  and  for  production  of  Thor 
space  boosters  (two  contracts). 

$2,600,000 — General  Dynamics  Corp.,  San 
Diego,  Calif.,  supplemental  contract  for 
development  of  a  high- impulse  upper- stage  vehicle. 

$1,714,758— The  Ralph  M.  Parsons  Co.,  Pasa- 
dena, Calif.,  supplemental  contract  for 

development  of  a  Titan  II  subsystems 
training  program. 

$1,700,000  —  Aerojet-General  Corp.,  Sacra- 
mento, Calif.,  for  research  and  develop- ment of  the  Titan  weapon  system. 

$1.272,754 — North  American  Aviation,  Inc., 
for  production  of  spares  in  support  of 
the  Hound  Dog  missile. 

$1.000.000 — Alpha  Corp.,  Richardson,  Tex., for  hardened  antennas  for  the  ballistic 
missile  command  and  control  nets  at 
Atlas  and  Titan  sites. 

$1,000.000 — Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  for  equipment  and  support 

of  launch  vehicles. 

ARMY 

$3,308,630— Raytheon  Co.,  Andover,  Mass.,  for 
parts,  components  and  materials  to  sup- 

port the  NATO  Hawk  missile  program. 
$1,818,572  —  Hayes  Corporation,  Birmingham, 

Ala.,  for  work  on  training  equipment  to 
be  used  in  connection  with  the  Pershing 
missile  system. 

$1 ,000,000  —  Belock  Instrument  Corp.,  for 
continued  engineering  and  production  of 

training  simulators  for  use  in  conjunc- tion with  the  Hawk  missile  program. 
$973,114 — Sperry  Rand  Corp.,  Sperry  Utah 

Division,  Salt  Lake  City,  for  engineering 
services  for  Sergeant  guided  missile  sys- 
tem. 

MISCELLANEOUS 

$40,000,000 — Collins  Radio  Company,  Dallas, from  North  American  Aviation,  Inc.,  for 
the  communications  system  for  the  Apollo 
project. 

$2,000,000 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  from  Lockheed  Missiles 
and  Space  Co.  and  the  Radio  Corporation 
of  America  for  shrouds  and  spin  tables 
for  Agena  B  payloads. 

$1,400,000  —  Moog  Servocontrols,  Inc.,  East 
Aurora,  N.Y.,  from  Martin  Marietta  Corp., 
Denver  division,  for  servoactuators  for 
the  Titan  II  missile. 

$5 ,093,995 — General  Precision's  K?arf  ott  divi- sion, Little  Falls,  N.J.,  from  General  Dy- 
namics, San  Diego,  for  additional  produc- tion quantities  of  precision  gyros  for  use 

in  the  Atlas  missile. 
$980,000  —  Espey  Manufacturing  and  Elec- tronics Corp.,  New  York,  N.Y.,  from 

Martin  Marietta  Corp.,  for  battery  charger 
power  supply  units  for  the  Titan  II. 

$800,000 — United  ElectroDynamics  Co.,  Salem, 
Mass.,  from  General  Dynamics/Astronau- 

tics, for  establishment  and  operation  of 
chemical  laboratories  at  Atlas  missile 
sites. 

$600,000  —  Ling-Temco-Vought,  Inc.,  Temco 
Electronics  and  Missiles  Co.,  from  North 
American  Aviation,  for  a  program  to  as- 

sure reliability  for  actuators  used  in  the 
Minuteman. 

$534,000 — American  Electronics,  Inc.,  Instru- 
ment division,  add-on  contract  from  Gen- 
eral Dynamics/Pomona,  for  Terrier  and 

Tartar  components. 
$500,000  —  North  American  Aviation,  from 

Sperry  Gyroscope  Co.,  for  150-ft. -diameter radome. 

NAVY 
$4,800,000 — Western  Electric  Co.,  New  York 

City,  for  fire  control  equipment. 
$4,000,000— Minneapolis-Honeywell  Regulator 

Co.,  Aeronautical  Division,  St.  Petersburg, 
Fla.,  for  manufacture  of  reference  and 
pendulous  gyroscopes  for  Polaris  missile 
guidance  systems. 

$2,954,367 — Sperry  Rand  Corp.,  Sperry  Gyro- 
scope Division,  Syosset,  N.Y.,  for  develop- 
ment of  ship's  inertial  guidance  system including  a  display  and  maintenance console  for  Polaris  submarines. 

$1,881.600— West  Bend  Co.,  West  Bend,  Wis., for  launcher  for  Zuni  rockets. 
$1,587,500 — Merz-Chambers  Corp.,  Shelbyville, 

Ind.,  for  launchers  for  Zuni  missiles. 
$1,480,516  —  Radiant  Manufacturing  Corp., 

Morton  Grove,  HI.,  for  Aero  6A-2  rocket launchers  for  aircraft  rockets. 
$1,400,000 — United  Aircraft  Corp.,  Norden 

Division,  Norwalk,  Conn.,  for  gas-pressure 
systems  for  the  advanced  Terrier  and Tartar  missiles. 

$1,358,903— Vitro  Corp.  of  America,  Silver 
Spring,  Md.,  for  design  engineering  serv- ices in  connection  with  Terrier,  Tartar, 
Talos  and  Typhon  missiles. 

$1,250,000 — General  Instrument  Corporation, 
for  production  of  electronic  fuzes  (work 
to  be  done  at  the  F.  W.  Sickles  Division, 
Chicopee,  Mass.). 

$900,000 — Collins  Radio  Co.,  Dallas,  for  two 
command  control  destruct  systems  for  the 
Pacific  Missile  Range. 

Scientist /Engineer  Shortage 
(Continued  from  page  12) 

more  attractive  to  the  creative  minds. 
Another  remedy  is  to  encourage 

more  women  into  engineering.  Red 
China  and  Russia  have  of  course  dem- 

onstrated the  success  of  this  idea. 
The  only  other  source  is  persons 

without  degrees.  The  National  Science 
Foundation  estimates  that  in  the  years 
from  1950-59  about  23%  or  78,000 
engineers  without  sheepskins  entered 
engineering  work.  NSF  goes  on  to  say 
that  if  the  proportion  of  engineering 
freshmen  does  not  increase,  retention 
rates  improve,  and  transfers  into  engi- 

neering schools  rise,  the  deficit  must  be 
made  up  of  untrained  personnel. 

NASA  tries  to  meet  some  of  its 
problems  by  hiring  people  with  degrees 
in  a  number  of  different  disciplines,  and 

molding  them  into  "aerospace  scien- 
tists." According  to  NASA's  Dr.  Allen Gamble,  it  is  the  only  organization 

which  classifies  its  people  strictly  on  the 
function  of  their  work,  and  not  upon  the 
academic  degrees  they  hold. 

As  an  example,  its  data  systems 
category  contains  these  degrees:  5 
M.E.'s,  3  A.E.'s,  51  Math,  12  Physics, 
41  EE,  1  Civil  E.,  1  Meteorology,  1 
Economics,  1  Soc.  Stud.,  3  Education, 
and  1  English. 

•  NASA's  courting  song — The  big 
problem  of  government  agencies  is  the 
tremendous  disparity  of  income  between 
their  top  people  and  those  in  compar- 

able positions  in  industry.  (See  chart). 
At  the  BS  level,  NASA  already  is  $1000 
behind.  At  higher  levels,  it  can  only 
offer  half  the  salary  industry  can  offer. 

NASA  attempts  to  counter  this  by 
the  attractiveness  of  its  mission  and  its 
work.  And  many  young  scientists  and 
engineers  join  NASA  just  for  the  ex- 

perience of  working  with  some  of  the 
research  leaders  already  there. 

Since  NASA  has  none  of  the  pro- 
prietary restrictions  associated  with  the 

production  of  a  product,  NASA  scien- 
tists get  a  chance  to  publish  their  work 

sooner  and  thus  receive  professional 
recognition. 

NASA  supports  the  advanced  edu- cation of  many  of  its  people.  They  get 
degrees  paid  for  by  NASA,  on  the 
agency's  time. But  money  is  still  an  attraction. 
Lacklan  notes  that  more  professional 
people  drop  out  when  their  children  are 
entering  college  than  at  any  other  time. 

On  the  Administration's  boards  there 
is  a  recommendation  to  Congress  that 
it  raise  the  pay  of  senior  scientists  next 
year  to  a  top  of  from  $25,000  to 
$30,000  a  year.  If  this  and  other  meas- 

ures are  not  taken  soon,  NASA's  ex- 
pansion hopes  look  dubious.  8 
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New  Product  of  the  Week: 

7.5  Microsecond  Core  Memory 
A  FERRITE  CORE  MEMORY 

with  a  1.5-microsecond  cycle  time  is 
available  from  the  Computer  Products 
Division  of  Ampex  Corp. 

Compatible  with  all  current  com- 
puter logics,  the  large-capacity,  random- 

access  LQ  can  be  used  for  data  proc- 
essing, communications,  transportation 

and  other  tasks  where  high  computer 
speed  and  capacity  are  required.  The 
LQ  core  memory  has  a  rate  of  667  Kc 
(1.5  ms)  for  a  complete  read-restore  or 
write-clear  cycle.  Special  subminiature 
ferrite  cores,  high-speed  gating  circuitry 
and  linear-select,  partial  flux  tech- 

niques helped  achieve  this  speed  in  a 
standard  production  unit. 

Symbol  Generator 
A  unique  symbol  generator  for 

cathode-ray  tube  displays  and  two  com- 
plementary units,  a  line  generator  and 

a  format  generator,  are  being  marketed 
by  the  Strand  Engineering  Co.,  a  divi- 

sion of  Datronics  Engineers,  Inc. 
Available  in  two  models,  the  Sym- 
bol Generator  is  highly  flexible  and  pro- 

vides reliability,  readability  and  speed 
at  moderate  cost.  The  generator  and  its 
complementary  units  will  form  the  core 
of  the  Datronics  display  products  line 

Storing  binary  information,  the 
2048,  4096  and  8192  memory  modules 
use  a  linear  word  select)  drive  system 
and  operate  in  three  modes:  read-re- 

store, clear-write,  and  split  read  and 
write.  Word  lengths  are  up  to  56  bits. 
Operations  may  be  conducted  on  full 
words  or  on  partial  words.  Larger 
capacity  memories  may  be  obtained  by 
using  combinations  of  standard  memory 
modules. 

All  logic  and  voltage  regulation 
circuits  are  on  printed  plug-in  cards  for 
ease  of  maintenance.  Controls  for  start- 

ing, stopping  and  resetting  the  memory 
may  be  installed  at  the  computer. 

Circle  No.  225  on  Subscriber  Service  Card 

which  will  be  expanded  to  include  a 
complete  line  of  modular  building 
blocks  for  display  systems. 

Circle  No.  226  on  Subscriber  Service  Card 

Heavy  Packaging  System 

Zero  Manufacturing  Co.  is  market- 
ing a  system  for  pallet-  and  shroud- 

packaging  heavy,  fragile  components 
such  as  rocket  engines,  Klystron  tubes, 
missiles  and  other  equipment.  The  sys- 

tem mates  a  lightweight  aluminum 
modular  container  to  a  steel  or  alum- 

inum pallet  that  is  easy  to  handle,  has 
necessary  shock  mounting  and  permits 
complete  access  to  the  component. 

The  bottomless  modular  container 
has  a  Zero  male  closure,  while  mounted 
on  the  pallet  is  a  gasketed  environmen- 

tal Zero  female  closure;  the  shroud  sim- 
ple fit  to  the  pallet  by  this  method  and 

is  securely  latched.  The  system  can  be 
re-used  many  times.  The  pallet  can  also 
be  converted  for  use  as  an  in-plant dolly. 

Circle  No.  227  on  Subscriber  Service  Card 

Traveling-Wave  Tubes 

Traveling-wave  tubes  operational 
with  power  outputs  up  to  1  kilowatt  in 
K|i  band  are  in  production  at  General 
Electric  Co. 

Two  of  the  three  tubes  provide 
more  power  output  across  their  14,000- 
18,000  megacycle  frequency  range  than 
any  other  TWT's  now  commercially available. 

The  highest-powered,  the  Z-5184, 
has  a  peak  saturated  power  output  of 
more  than  1  kilowatt.  The  other  two, 

both  for  continuous-wave  operation,  are 
the  Z-5183,  with  a  CW  output  of  10 
watts;  and  the  Z-5182,  with  a  minimum 
CW  output  of  150  milliwatts. 

The  tubes  can  be  used  individually 
or  in  tandem  sequence. 

Circle  No.  226  on  Subscriber  Service  Card 

Intensified  Plasma  Heat 

A  new  plasma  flame  torch  increases 
by  more  than  ten  times  the  potential 
heating  capacity  of  such  torches,  and 
places  under  push-button  control  a 
heat  source  of  a  magnitude  previously 
unattainable  by  any  practical  means. 

In  the  unit,  produced  by  Thermal 
Dynamics  Corp.,  an  innovation  in  com- 
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ponent  configuration  permits  the  com- 
bining of  laminar  gas  flow  with  the 

transferring  of  the  arc  from  torch  to 
workpiece  or  to  a  cooled  anode  outside 
the  torch.  Operating  at  90%  efficiency, 
the  torch  produces  contamination-free 
plasma  and  a  quiet,  non-oscillating 
flame  with  an  ultra-high  heat  transfer 
rate.  Continuous  operation  is  possible 
with  argon,  nitrogen,  helium,  hydrogen, 
or  any  combination  of  these  gases,  with 
heat  input  ranging  from  130,000  to 
600,000  Btu/lb.  of  plasma  gas.  Tem- 

peratures in  these  ranges  are  well  in 
excess  of  60,000°F,  and  the  flame  can 
be  varied  in  length  from  1  to  20  in. 

Circle  No.  229  on  Subscriber  Service  Cord 

AFC  Systems 
Orion  Electronic  Corporation  is 

marketing  AFC  units  for  frequency 
control  applications.  It  employs  only 
high-temperature  components,  such  as 
silicon  transistors  and  tantalytic  capaci- 

tors, to  insure  high  temperature  opera- 
tion of  125°C.  This  particular  AFC  unit 

is  designed  to  keep  the  difference  signal 
between  the  two  oscillators  within  a 
prescribed  error  for  wide  variations  in 
their  characteristics. 

Orion  Series  C  units  are  being  made 
available  in  three  distinct  types:  mini- 

ature tubes,  subminiature  tubes  or  tran- 
sistors. Since  each  AFC  unit  must,  of 

necessity,  be  designed  for  a  specific  ap- 
plication, the  manufacturer  suggests  that 

system  details  be  furnished  for  an  engi- 
neering analysis  to  determine  require- 

ments for  the  AFC  units. 
Circle  No.  230  on  Subscriber  Service  Card 

Ferrite  Bead  Chokes 

National  Radio  Co.  is  marketing  a 
Ferrite  Bead  Choke  for  use  in  high-fre- 

quency and  very-high-frequency  ranges. 
At  power  supply  and  audio  frequencies, 
the  choke  presents  no  more  impedance 
to  these  circuits  than  an  ordinary  hook- 

up lead.  At  frequencies  in  the  range 
above  10  mc,  the  unit  exhibits  a  sub- 

stantially constant  a-c  resistance  and 
impedance,  making  it  extremely  useful 
for  isolating  high-frequency  signals 
from  the  power  supply  and  audio  fre- 

quency circuits. 
Circle  No.  231  on  Subscriber  Service  Card 

Dual-Trace  Oscilloscope 
A  complete  pulse-sampling  system 

with  risetime  of  0.35  nonosecond,  the 
Type  661  Oscilloscope  is  available  from 
Tektronix,  Inc.  Characteristics  include 
capabilities  for  triggering  externally  or 
internally  on  either  A  or  B  trace,  for 
observing  equivalent  sweep  times  from 
picoseconds  to  a  millisecond,  for  dis- 

playing repetitive  signals  from  fractions 
of  a  millivolt  to  volts  and  for  measuring 
risetimes  from  hundred  of  picoseconds 

to  a  millisecond — with  uniform,  high 
writing  rate  at  all  sweep  speeds  over  the 
full  S  cm  by  10  cm  display  area.  The 
Type  661  also  features  the  ability  to 
show  Lissajous  patterns  on  the  5-inch 
crt,  in  addition  to  single  and  dual-trace 
displays  and  signals  added  algebraically. 

Circle  No.  232  on  Subscriber  Service  Card 

Gimbal  Bearings 

Precision  gimbal  bearings  have  been 
developed  for  missile  guidance  systems 
gyroscopes  by  Industrial  Tectonics,  Inc. 
Two  such  bearings  in  a  common  hous- 

ing are  capable  of  maintaining  the  axis 
of  gyro  rotation  within  two  arc  seconds 
of  angularity.  Under  330-lb.  axial  load, 
maximum  breakaway  torque  is  held  to 
12  oz.-in.  or  less.  This  extremely  low 
torque  permits  miniaturization  of  driv- 

ing motor.  Torque  is  also  held  constant 
to  prevent  errors  in  the  guidance  system. 

Circle  No.  233  on  Subscriber  Service  Card 

Thermostatless  Crystal  Oven 
Marconi  Instruments  is  marketing  a 

crystal  oven,  Type  F3006,  using  a  new 
stabilizing  principle  which  eliminates 
the  temperature  fluctuations  inevitably 
arising  from  thermostatic  control.  The 

unit  stabilizes  at  79.5°C;  further  types 
to  be  available  will  stabilize  down  to 
48°C.  Cyclic  temperature  variation  is 
claimed  to  be  less  than  ±.0014°C,  giv- 

ing an  improvement  of  100:1  or  better. 
The  crystal  chamber  is  3A  in.  diam- 

eter by  2  in.  long  and  can  accommodate 
transistors  or  other  small  devices  as  well 
as  crystals.  External  dimensions  are 
2V2  in.  diameter  by  6%  in.  and  con- 

nections are  via  an  octal  tube  base. 
Circle  No.  234  on  Subscriber  Service  Card 

Pressure  Indicators 

Unique  pressure  and  differential 
pressure  indicators  for  a  wide  range  of 
industrial  and  airborne  applications  are 
being  produced  by  Pall  Corp.  The  units, 
available  in  extremely  small  sizes,  are 
part  of  the  Deltadyne  line  of  measure- 

ment and  control  devices.  They  operate 

on  a  magnetic  principle  which  elimi- 
nates the  need  for  mechanical  linkages. 

Deltadyne  indicators  are  available  for 
system  working  pressures  up  to  10,000 

psi,  operating  temperatures  from  —  65°F to  275°F  and  actuation  from  1.5  to 
100  psid.  Extended  ranges  can  be  sup- 

plied on  special  order. 
Circle  No.  235  on  Subscriber  Service  Card 

High-Vacuum  Thermocouple 
Controller 

Vacuum-Electronics  Corp.,  has  avail- 
able a  high-vacuum  thermocouple  con- 

troller. Designated  the  TC-9,  it  is  a 
dual  control  unit  for  the  automatic  con- 

trol of  vacuum  systems.  The  TC-9  is 
an  automatic  solid-state  device  with 
continuous  "no  kick"  indication  even  in 
the  control  region.  It  is  designed  for 
system  protection,  automatic  process 
control,  pressure  monitoring,  and  for 
remote  operation  in  inaccessible  areas. 
Control  action  is  accomplished  without 
contacts  and  is  a  positive  nonlocking 
action  eliminating  chatter  and  contact 
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replacement.  Dual  control  points  are 
provided  for  high-  or  low-pressure  ac- 

tuation. They  are  set  by  adjust- 
able pointers  indicating  exact  point  of 

control. 
Circle  No.  236  on  Subscriber  Service  Cord 

Gamma  Analyzer 

Model  GSS-1B,  a  gamma  analyzer 
that  operates  automatically  without  ad- 

justment to  scan,  record  and  analyze 
emitters  having  energies  varying  from 
Nuclear  Measurements  Corp.  An  equal 

0.003  kev  to  3  mev,  is  available  from 
percentage  of  each  peak  is  automatically 
analyzed,  and  absolute  peak  compari- 

sons are  made  directly,  regardless  of 
energy  differences.  Readout  is  provided 
in  three  forms — count  for  preset  time 
period,  continuous  counting  rate,  and 
graphic  recording.  Energies  are  recorded 
on  a  graph  calibrated  in  mev. 

Circle  No.  237  on  Subscriber  Service  Card 

Compression  Amplifier 
A  linear  amplifier  with  automatic 

stepped  gain  control  is  available  from 
Gulton  Industries'  Ortholog  Division. 
The  Ortholog  Compression  Amplifier, 
Model  OR-LA/ 1  has  a  wide-band  re- 

sponse of  from  30  to  20,000  cps  and 
low  distortion.  Input  signals  of  up  to 
100  db  dynamic  range  can  be  com- 

pressed to  20  db.  Variable  gain  is  pro- 
vided in  discrete  10  db  increments.  Out- 

put gain  is  continuously  adjustable  from 
0  to  50  db,  for  a  maximum  output  volt- 

age range  of  1  to  10  volts. 
Circle  No.  238  on  Subscriber  Service  Card 

Analog  Mag-Tape  System 
An  analog  magnetic  tape  system 

having  an  all-solid-state  FM  section  of 
increased  capability  is  being  marketed 
by  Minneapolis-Honeywell's  Industrial Systems  division.  The  system,  called  the 

LAR7400,  is  designed  for  data  handling 
in  connection  with  telemetry,  jet  and 
rocket  engine  tests,  environmental  vibra- 

tion, wind  tunnel  analysis  and  other 

applications. 
The  system  records  20  KC  FM  data 

at  40%  carrier  frequency  deviation  with 
40  KC  optional  at  20%  deviation. 
When  arranged  for  direct  record,  the 
LAR  7400  accepts  either  100  KC  at 
60  ips  in  standard  or  30  ips  in  extended 
mode. 

Circle  No.  239  on  Subsciber  Service  Cord 

Sweep/Signal  Generator 
A  sweep/signal  generator  providing 

8  discreet,  adjustable  outputs  is  avail- 
able from  Telonic  Industries,  Inc.  Des- 

ignated Telonic  Model  No.  SP-135,  the 
generator  was  developed  for  use  in  pro- 

duction applications  to  supply  swept 
signals  to  multiple  calibration  stations 
using  only  a  single  instrument. 

Each  oscillator  may  be  selected  at 
any  fixed  frequency  to  124  mc  and  can 
be  equipped  with  up  to  6  crystal-con- 

trolled pulse  markers.  Pulse  widths  are 
adjustable  on  each  plug-in  chassis.  A 
single  output  on  the  front  panel  provides 
a  horizontal  sawtooth  voltage  of  ap- 

proximately 1 5  v  peak  to  peak  into 
1 000  ohms. 

Circle  No   240  on  Subscriber  Service  Cord 

new  literature 

VOLTAGE  REGULATOR— A  catalog 
describing  the  Regohm  voltage  regula- 

tor is  available  from  Electric  Regulator 
Corp.  Information  includes  accuracy  of 
regulation — within  2%  for  the  com- 

bined effects  of  line  load,  frequency 
and  power  factor  variation;  insensitivity 
to  frequency — 54-66  cps  model  holds 
output  to  0.5%,  45-1000  cps  model 
holds  output  to  better  than  2%.  The 
units  will  regulate  either  a-c  or  d-c  out- 

put voltages. Circle  No.  200  on  Subscriber  Service  Cord 

TRANSISTOR  MANUAL  —  ARINC 
Research  Corp.,  subsidiary  of  Aero- 

nautical Radio  Inc.,  has  published  Vol- 
ume II  of  its  Transistor  Specification 

Manual.  In  Volume  I  of  this  work,  is- 
sued in  1960,  the  company  brought 

together  for  the  first  time  all  of  the 
latest  specifications  for  transistors  on 
the  Military  Preferred  List  (MIL-STD- 
701  A)  and  the  ARINC  Semiconductor 
Device  Preferred  List  (ARINC  Spec. 
No.  2,409).  Included  in  the  87  specifi- 

cations covered  were  several  for  Euro- 
pean transistor  types.  Volume  II  com- 

plements rather  than  replaces  Volume  1. 
It  contains  19  newly-developed  military 
specifications,  and  revised  specifications 
for  19  of  those  previously  published.  It 
features  a  section  on  Application  Notes 
for  MIL-STD-701B  transistor  types,  de- 

signed to  help  the  engineer  select  the 
most  appropriate  device  for  his  specific 
use.  This  information,  ARINC  Research 

says,  is  not  found  in  manufacturers' commercial  data  sheets  or  in  the  mili- 
tary specifications.  Volumes  I  and  II 

are  available  in  matching  looseleaf  bind- 
ers at  $10  and  $8  per  copy,  respectively. 
Circle  No.  201  on  Subscriber  Service  Cord 

PLASTIC  MOLDING— Reinforced 
plastics  production  methods  are  de- 

scribed in  a  16-page  booklet  entitled 
"Guide  and  data  for  Engineers  and  Pur- 

chasing Agents,"  just  published  by  the Reinforced  Plastics  Division  of  The 
Society  of  the  Plastics  Industry,  Inc. 
Six  basic  molding  procedures  are  dis- 

cussed, together  with  advantages  and 
applications  of  each,  and  tabulations 
present  physical  and  chemical  proper- 

ties of  parts  produced  by  the  different 
techniques. 

Circle  No.  202  on  Subscriber  Service  Cord 

REINFORCED  PLASTIC  —  General 
properties  and  thermal  properties  for 
Tayloron  PA,  a  high-temperature  asbes- 

tos-base reinforced  plastic  developed  for 
rocket  applications,  are  given  in  Bulletin 
8.5  published  by  Taylor  Fibre  Co.  Sizes 
are  given  for  the  various  forms  in  which 
Tayloron  PA  is  supplied.  These  forms 
include  laminated  sheet,  molded  rod, 
molded  tube,  rolled  tube,  molded  shapes 
and  molding  forms. 

Circle  No.  203  on  Subscriber  Service  Card 

COOLING/ RETENTION— A  Catalog 
1-W,  describing  more  than  10,000  elec- 

tronic cooling  and/ or  retention  device 
is  available  from  The  Birtcher  Corp. 
Contents  include  descriptions  and  tech- 

nical data  on  tube  clamps  for  retaining 
tubes  and  electronic  components,  tube 
top-holding  retainers  for  various  sizes 
of  vacuum  tubes,  clamps  for  miniature 
plug-in  tubes  and  components,  JAN 
shield  inserts  for  tubes,  transistor  re- 

taining clips,  and  transistor/ component 
heat  radiators. 

Circle  No.  204  on  Subscriber  Service  Card 

THERMOCOUPLE  SELECTOR 
BOARD — A  sample  board  for  quick 
and  easy  selection  of  thermocouples  is 
offered  by  Smith  Thermotronics,  Inc. 
The  "Big  Four"  thermocouples  shown 
will  satisfy  over  90%  of  the  standard 
thermocouple  applications,  enabling  the 
user  to  select  a  thermocouple  from 
stock  which  is  custom  pre-engineered  to 
suit  many  uses.  All  complex  ordering 
instructions  are  eliminated. 

Circle  No.  205  on  Subsciber  Service  Card 
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editorial . . . 

The  Spartan  Approach  to  Space 

LATE  IN  DECEMBER,  the  Soviet  Embassy  here 
in  Washington  invited  a  small  group  to  view  an 

hour-long  film  on  Maj.  Titov's  historic  17-orbit  flight 
around  the  earth.  The  film  report  previously  had 
been  seen  abroad  but  this  was  its  first  showing  in  the 
United  States. 

The  motion  picture  was  remarkable  both  for  what 
it  did  reveal  about  the  Russian  space  program  and 
for  what  it  did  not.  It  traced  Titov's  trip  from  his 
early  training  through  his  orbital  flight  to  the  recep- 

tion accorded  him  in  Moscow  on  his  return. 
The  film  brought  immediately  to  attention  the 

fact  that  the  Russian  space  effort  apparently  is  being 
conducted  on  the  same  spartan  standard  of  living 
which  applies  to  the  entire  Soviet  economy.  Tape 
recorders  for  monitoring  in-flight  radio  conversation 
were  simple  portable  table  models.  Equipment  was 
sparse  by  contrast  with  U.S.  standards  and  was 
casually  placed  in  rooms  with  wooden  floors  and 
heavy  drapes — the  type  of  public  room  quite  com- 

mon in  the  Soviet  Union. 
Although  computers  were  in  evidence,  Soviet 

technicians  were  shown  plotting  the  position  for 
retro-firing  by  hand  with  the  aid  of  a  ruler.  Medical 
facilities  for  the  astronauts  were  not  elaborate.  The 
bus  used  to  transport  Titov  to  the  launch  pad  seemed 
to  have  been  modified  only  slightly  from  a  standard 
Russian  bus.  It  certainly  was  a  contrast  to  NASA's 
shiny  van. 

Only  in  one  place  were  the  Russians  shown  to 
have  something  comparable  to  ground  equipment  of 
the  U.S.  space  program — in  their  central  control 
room,  which  possessed  a  global  map  display  and 
other  equipment  similar  to  Project  Mercury  control 
at  Cape  Canaveral. 

We  do  not  point  this  out  derisively.  The  reaction 
is,  instead,  one  of  keen  interest  in  what  the  Soviets 
have  accomplished  with  equipment  which  is,  by  our 
sophisticated  standards,  quite  crude. 

There  is  indeed  a  lesson  in  it  for  us.  The  Russians, 
accustomed  to  a  more  severe  way  of  life,  carry  this 
over  into  their  space  programs.  As  Americans,  we 
are  inclined  to  demand  "the  very  best."  The  fact  is 
that  "the  very  best"  is  not  always  necessary  and 
frequently  takes  longer  to  produce.  We  could  some- 

times save  both  time  and  money  by  settling  for 
something  less  than  perfection  in  areas  where  per- 

formance and  safety  are  not  affected. 
Another  interesting  feature  of  the  film  was  the 

size  of  the  Russian  group  of  astronauts.  Perhaps  a 
dozen  were  shown  throughout  the  film  and  at  least 
eight  were  shown  together  in  one  of  the  training 
sequences.  It  was  noteworthy  that  the  backup  astro- 

naut for  Titov's  flight  was  completely  suited  up  and 
rode  in  the  bus  with  him  to  the  launch  pad.  If 
Titov  had  broken  his  ankle  getting  off  the  bus,  there 

would  have  been  no  delay.  His  backup  was  right 
there  and  ready  to  go. 

As  expected,  little  was  seen  of  the  takeoff.  A 
shot  from  high  on  the  gantry  showed  the  astronaut 
approaching  the  base  of  the  gantry  but  the  missile 
itself  was  not  in  view.  Rails  on  the  pad  indicated  a 
roll-back  gantry.  This  high  shot  was  followed  by  a 
close-up  of  the  Russian  astronaut  entering  the  eleva- 

tor. The  footage  which  then  showed  the  elevator 
rising  to  the  top  of  the  gantry  appeared  to  be  taken 
of  a  model,  again  with  no  missile  visible. 

The  launch  itself  was  presented  largely  as  a  cloud 
of  orange-tinted  dust,  with  a  split-second  glimpse  of 
a  T/ior-like  nose  rising  out  of  the  cloud. 

The  sequence  of  the  model  elevator  and  the 
launch  was  the  only  blatant  bit  of  fakery  apparent 
in  the  film,  although  we  must  say  that  if  the  Russians 
were  getting  the  quality  of  television  reception  from 
the  space  craft  the  film  demonstrated,  then  our  TV 
industry  still  has  a  lot  to  learn. 

A  model  of  the  Vostok  II  spacecraft  was  em- 
ployed to  show  its  position  in  orbit.  Its  shape  con- 
firmed the  sketch  which  appeared  in  this  magazine 

on  December  18,  page  14. 
Views  of  Titov  inside  the  spacious  capsule  during 

the  flight  indicated  that  he  enjoyed  at  least  part  of 
his  journey.  No  sequences  were  shown  of  his  seasick 
periods.  At  one  point,  he  was  shown  taking  nourish- 

ment from  a  tube.  The  roominess  of  the  Vostok  II 
is  impressive  in  comparison  with  the  Mercury  cap- 

sules. Flight  equipment  matched  that  previously 
revealed  by  the  Russians. 

NO  DETAILS  of  the  landing  were  shown,  other 
than  confirmation  that  Titov  did  land  by  para- 

chute. This  sequence  opened  with  the  astronaut 
already  on  the  ground  and  pulling  in  his  orange  and 
white  chute.  Earlier  portions  of  the  film,  devoted  to 
training,  had  displayed  a  water  drop  and  survival 
test  similar  to  those  carried  out  for  Project  Mercury. 
Tests  of  an  ejection  escape  system  also  were  shown. 

There  is,  of  course,  no  way  to  tell  how  much 
of  the  film  was  made  at  the  time  the  events  shown 
were  occurring  and  how  much  was  taken  later.  We 
suspect  that  some  of  the  scenes  of  Titov's  training 
were  re-staged  after  the  successful  flight,  but  cer- 

tainly one  cannot  fault  that  as  a  legitimate  dramatic device. 

All  in  all,  we  found  the  film  fascinating.  The 
version  we  saw  had  a  Russian  soundtrack,  but  the 
embassy  provided  a  running  translation.  We  wish 
everyone  in  the  industry  could  see  it. 

There  is  no  spur  quite  as  effective  as  a  demonstra- 
tion of  how  well  the  opposition  is  doing. 

William  J.  Coughlin 
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POWER  TO  PUT  THE  PAYLOAD  THERE 

Liquid  oxygen/hydrogen  engines  in  the  million  pound  thrust  class  can 
provide  the  upper  stage  push  for  large  payloads  in  space. 

Available  to  meet  this  need — the  experience,  facilities,  and  engineer- 
ing talent  of  Aerojet-General's  Liquid  Rocket  Plant.  Manufacturer  of 

liquid  engines  for  TITAN  and  DYNA-SOAR,  Aerojet  offers  research, 
development,  testing,  and  manufacturing  capabilities  unrivaled  in  the 
realm  of  liquid  rocketry. 

■  LOX/hydrogen  engine  design  and  testing  since  1947. 
■  Firing  of  the  nation's  largest  pump-fed  LOX/hydrogen  engine. 
■  Largest  liquid  rocket  test  facilities  in  the  U.S. — capable  of 

handling  engines  over  1,000,000  pounds  thrust. 

LIQUID  ROCKET  PLANT 

CORPORATION 

Engineers,  scientists— investigate  outstanding  opportunities  at  Aerojet 



Space 
Council 

Unifying 

U.S.  Program 

Objectives 

•  Nova  Awards 

Due  By  Mid-Year 

•  New  Apollo, 

Gemini  Designs 

•  Beryllium 
Breakthrough 

New  Army  Space  Tracker 

AN  AMERICAN  AVIATION 

{3i  5  ikuSrqn 



Submarine 

Cables  for 

Communications, 

Control  &  Power 

Since  1954  alone,  more  than 
15,000  miles  of  submarine 

cable  have  been  delivered  from 
Simplex  Wire  &  Cable 

Company's  Submarine  Cable 
Division  at  Portsmouth,  N.  H., 

the  only  modern  U.  S.  plant 
specifically  designed  for 

submarine  cable  production. 

SCD  offers  complete  capabilities 
for  both  commercial  and 

military  underwater  cable 
technology. .  .cable  and  fitting 

design  and  manufacture 
. . .  laying  techniques  and 
supervision  for  laying... 

splicing  instruction  and  equip- 
ment . . .  planning,  manufacture, 

and  emplacement  of  complete 
submarine  cable  systems. 

SCD  has  wharfside  facilities 
for  loading  two  ocean  cable 
ships  simultaneously  from 

tanks  capable  of  storing  more 
than  3000  miles  of  finished  cable. 

-T* 

Simplex 
WIRE  &  CABLE  CO. 
SUBMARINE  CABLE  DIVISION 
Portsmouth,   New  Hampshire 
Executive  Offices:  Cambridge.  Mass. 

Write  today  for  your  free  copy  of 
the  new  SCD  Brochure,  detailing 

facilities  and  capabilities. 

Circle  No. 19  on  Subscriber  Service  Cord 



The  Calibre  of  An  Aerospace  Organization  is  Evidenced  by  the  Calibre  of  the  Problems 
Put  To  It  by  its  Customers  —  and  by  the  Company  to  its  Engineers 

Engineers,  Scientists 

what's  your  opinion: 
N 

ON  HOW  TO 
CREATE 

A  REALISTIC 
SPACE  SIMULATOR? 

This  is  a  question  put  to  Bell  Aero- 
systems  last  year  by  the  Air  Force.  If 
you  had  been  a  member  of  Bell's technical  staff  then,  you  might  have 
been  one  of  those  who  developed  the 
space  environment  simulation  concept 
now  being  engineered  into  actuality 
here.  It  is  based  upon  a  high-resolu- 

tion, closed-loop  television  system 
superimposing  images  generated  by  3 
studios.  Many  stimulating  problems, 
however,  remain  to  be  solved  in:  de- 

velopment of  an  electronic  planetar- 
ium, real  time  digital  flight  dynamics, 

television  image  insetting  techniques, 
TV  noise  alleviation  techniques. 

ON  HOW  TO 
PROVIDE  OPTIMUM 

VEHICLE  TOUCHDOWN 
DISPERSIONS  WITH  A 
FULLY  AUTOMATIC, 
ALL-WEATHER 

LANDING  SYSTEM? 

Your  informed  opinions  on  any  as- 
pect regarding  landing  of  boosters  or 

space  vehicles  will  receive  thorough 
consideration.  Bell  engineers  have  al- 

ready created  a  system  in  landing 
conventional  aircraft  providing  a  30% 
improvement  in  this  area,  as  demon- 

strated by  4000  landing  tests  made 
by  U.S.  Navy  and  Air  Force  planes. 
Vehicle  landing  systems  and  special- 

ized equipments  are  advanced  con- 
cepts now  under  study. 

V  
A /  v 

V 

ON  HOW  TO 
PROVIDE  AN  ASTRONAUT 

WITH  POSITIVE, 
FLEXIBLE  STEERING  CONTROL 

IN  SPACE? 

Your  answer  will  certainly  contain 
the  statement  that  much  depends  upon 
the  particular  space  mission  but  that 
reaction  controls  will  be  the  founda- 

tion of  the  system. 
This  revolutionary  concept  was 

originated  by  Bell  engineers  for  Bell's own  X-1B  high  altitude  research 
plane.  More  refined  Bell  Systems  were 
developed  for  the  X-15,  Mercury  cap- 

sule, Agena  booster/satellite  and 
Centaur  program.  Bell's  Reaction Controls  are  applicable  to  missiles, 
satellites,  re-entry  vehicles  —  indeed, 
any  object  requiring  a  continuous/ intermittent  or  variable  thrust  vector. 
One  unique  recent  application  is  the 
Bell  rocket  belt  for  the  infantry  man. 

The  three  problems  high-lighted  above  are  representative  of  the  wide  range  of  unusual 
challenges  offered  engineers  at  Bell.  Others  concern  such  diverse  projects  as  advanced 
Agena*  rocket  engines  for  NASA's  Ranger  and  Marine  vehicles;  Hydroskimmer  (air 
cushion)  amphibians  for  the  U.S.  Navy;  battlefield  surveillance  systems;  automatic  check- 

out equipment;  missile  &  drone  recovery  systems.  Another  important  field  at  Bell  is  Inertial 
Guidance  and  Navigation  Systems,  many  of  which  employ  an  appropriate  member  of  Bell's 
family  of  Hipernas**  inertial  platforms.  //  you  would  like  to  pit  your  talents  against  tough- 
calibre  problems,  look  into  current  openings  ivith  Bell. 
•Bell's  Agena  —  most  reliable  rocket  engine  yet  designed.  Already  used  in  Discoverer  program,  Midas,  other  satellites. 
"Hipernas  (High  PERformance  NAvigational  System) — the  most  accurate,  pure-inertial,  self -compensating  navigation  and guidance  system  known. 

INERTIAL  GUIDANCE 
Various  degree  levels  with  2  to  8  years  specific 
experience  in  one  of  the  following  areas:  logic 
design  and  magnetic  memory  development;  low 
frequency  design  and  development  involving 
servos;  systems  and  component  testing,  re- 
solver  chains,  gyros,  accelerometer  integrators; 
inertial  instrument  development. 

RADAR 
MS  with  5  to  10  years  research  and  develop- 

ment experience  on  radar  equipment,  pulse  cir- 
cuitry, feed-back  circuits,  CW  covering  full 

frequency.  Openings  also  in  Tucson,  Arizona. 

ELECTRONIC  SYSTEMS 
MS  preferred,  with  minimum  5  years  experience 
for  synthesis  and  analysis  of  advanced  systems 
such  as  air  traffic  control,  target  locators,  vis- 

ual simulators  and  feed-back  controls.  Openings also  in  Tucson,  Arizona. 

SYSTEMS  ENGINEERING 
BS  in  ME,  Applied  Math,  AE  or  Physics.  Experi- 

enced in  the  dynamics  of  closed-loop  systems, 
guidance,  mechanics  of  vehicle  flight,  space 
mechanics,  analog  and  digital  computing 
systems. 

w9YlJ  Please  address  resumes  to  Mr.  George  Klock 

BELL  AEROSYSTEMSCO. 

DIVISION  OF  BELL.  AEROSPACE  CORPORATION -A  feXtrOfl I  COMPANY 

An  Equal  Opportunity  Employer  P.O.  Box  *1,  Buffalo  5,  New  York 



At  Bell  Telephone  Laboratories,  mathematician  Sidney  Darlington 
has  contributed  notably  in  developing  the  art  of  circuit  analysis. 

. .  .  It  is  essentially  a  thing  of  the  mind  for  it  ivorks  through  concepts,  symbols  and 
relationsh  ips . . .  it  helps  man  to  analyze  and  synthesize  the  complex  phenomena  of  the 
universe  and  himself ...  it  ivorks  in  many  ivays  to  advance  electrical  communications: 

IT  IS  CALLED  MATHEMATICS 

At  Bell  Telephone  Laboratories,  mathematics 
works  powerfully  to  solve  problems  involving  com- 

plex data.  Intriguingly,  too,  the  mathematical  ap- 
proach: led  to  the  invention  of  the  electric  wave 

filter  .  .  .  disclosed  a  kind  of  wrave  transmission 
which  may  some  day  carry  huge  amounts  of  infor- 

mation in  waveguide  systems  .  .  .  foretold  the  feasi- 
bility of  modern  quality  control  .  .  .  led  to  a  scientific 

technique  for  determining  how  many  circuits  must 
be  provided  for  good  communications  without  having 
costly  equipment  lie  idle. 

For  each  creative  task.  Bell  Laboratories  utilizes 

whatever  serves  best  —  mathematical  analysis,  labora- 
tory experimentation,  simulation  with  electronic  com- 

puters. Together  they  constantly  advance  communi- 
cations and  weapons  systems  for  the  Armed  Services. 

[ml  BELL  TELEPHONE  SYSTEM 

AMERICAN  TEL.  &  TEL.  CO / WESTERN  ELECTRIC  CO 

■/ 

BELL  TELEPHONE  LABORATORIES 21  OPERATING  COMPANIES 
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looking 

for 

COMBUSTION 

ENGINEERS 

interested  in  new  and 
greater  opportunities 
for  creative  work  in 

chemical  energy  conversion 
Allison  Division,  General  Motors,  has 
a  place  for  you  in  R  and  D  projects  ex- 

ploring new  horizons  of  technical  knowl- 
edge in  advanced  propulsion  and  power 

systems  for  aerospace  .  .  .  land  .  .  .  and 
marine  applications. 
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vanced experimental  and  theoretical 
studies  of  rocket  engine  and  other 
chemical  combustion  systems  contrib- 

uting to  the  conception  and  evaluation 
of  advanced  power  systems  for  Military 
and  Aerospace  projects.  Strong  ther- 

modynamic and  reaction  kinetics  back- 
ground required.  Due  to  our  recent 

program  accelerations,  we  have  open- 
ings also  for  personnel  in  related  spe- 

cialty fields. 

We'd  like  to  tell  you  more  about  our 
expanding  and  challenging  projects  in 
rocketry  . . .  direct  conversion,  and  other 
fields.  And,  tell  you  how  you  can  be- 

come a  member  of  this  progressive  Alli- 
son-GM  team  of  specialists.  Write  for  an 
interview:  Mr.  V.  A.  Rhodes,  Scientific 
and  Professional  Placement,  Dept.  502, 
Allison  Division,  General  Motors  Cor- 

poration, Indianapolis  6,  Indiana. 

ALLISON  DIVISION, 
General  Motors  Corporation 

Indianapolis,  Indiana 
An  equal  opportunity  employer 

Energy  Conversion  —  is  Our  Business 

— letters  

First  NASA  Issue 

To  the  Editor: 
You  and  your  people  did  a  tremendous 

job  on  the  special  NASA  issue. 
O.  B.  Lloyd,  Jr. 
Director 
Office  of  Public  Information 
National  Aeronautics 

and  Space  Administration 
Washington 

To  the  Editor: 

I  just  finished  reading  your  First  An- 
nual NASA  issue  and  found  it  to  be  truly 

a  "first"  in  coverage  of  America's  new 
frontier  and  the  approaches  to  conquer  it. 
I  was  particularly  pleased  to  read  of  the 
people  and  organizations  who  will  be  play- 

ing such  a  vital  role  in  our  future.  Too 
often  the  individuals  are  overlooked. 

In  your  article  on  Apollo,  you  briefly 
describe  two  management  control  tech- 

niques, PERT  and  PDP.  I  would  be  very 
grateful  if  you  could  assist  me  in  obtaining 
further  information  on  these  techniques. 

M.  F.  Brown 
Olin  Mathieson  Chemical  Corp. 
East  Alton,  111. 

The  computerized  PERT  (Program 
Evaluation  and  Review  Technique),  first 
developed  by  the  Navy  for  Polaris,  is 
described  in  MIR,  July  17,  1961  (p.  110) 
and  in  the  July,  1961,  issue  of  Armed 
Forces  Management,  an  American  Avia- 

tion Publication.  PDP  (Project  Develop- 
ment Plan)  is  a  system  devised  by  NASA 

for  its  own  programs;  although  it  involves 
data  processing  to  a  degree,  it  is  not  com- 

parable to  PERT  in  this  respect.  NASA 
can  supply  further  information  on  PDP. 

—Ed. 

To  the  Editor: 
We  would  like  to  compliment  your 

NASA  Editor,  Hal  Taylor,  and  his  task 
force  on  the  splendid  NASA  report. 

C.  W.  Murphy 
Hughes  Aircraft  Co. 
Culver  City,  Calif. 

To  the  Editor: 
I  want  to  congratulate  you  on  the  fine 

coverage  you  provided  on  the  wide  and 
diverse  areas  of  the  National  Aeronautics 
and  Space  Administration.  In  the  partic- 

ular area  of  Tracking  and  Data  Systems, 
the  presentation  was  very  fine,  although 
there  were  a  few  minor  items  that  I  believe 
should  be  clarified  in  the  interest  of  credit 
to  our  cooperating  agencies  and  countries: 

a.  Goddard  is  responsible  for  the  tech- 
nical management  and  operation  of  the 

entire  Mercury  net.  The  Langley  Research 
Center  directed  the  establishment  of  the 
network.  After  completion  of  the  network, 
the  technical  and  operational  management 
responsibility  was  transferred  to  Goddard 
earlier  this  year,  along  with  a  large  per- 

centage of  the  key  personnel  from  Langley, 
who  are  now  integrated  in  the  Goddard 

Manned  Space  Flight  Support  Division  as 
a  truly  Goddard  team. 

b.  Goddard  is  responsible  for  the  spe- 
cific manning  and  operation  of  five  of  the 

Mercury  stations;  two  are  operated  for 
Goddard  by  the  Weapons  Research  Estab- 

lishment of  Australia,  and  the  remainder 
are  handled  for  Goddard  by  the  Depart- 

ment of  Defense. 
John  T.  Mengel 
Assistant  Director,  Tracking  and 

Data  Systems  Directorate 
Goddard  Space  Flight  Center 
NASA 
Greenbelt,  Md. 

Weightlessness  Tests 
To  the  Editor: 

I  read  in  the  Dec.  11  M/R  (p.  42) 
that  Douglas  Missile  and  Space  Systems 
Division  is  now  simulating  weightlessness 
on  the  human  body  by  supporting  it  with 
an  assembly  of  balloons.  I  have  in  the  past 
read  of  submergence  techniques  which  ac- 

complish the  same  thing,  supporting  the 
body  with  hydrostatic  pressure. 

Unless  I  miss  my  guess,  both  of  these 
techniques  are  all  wet — at  least  in  some 
respects.  True  weightlessness  is  accom- 

plished by  relieving  the  inside  of  the  body 
of  all  pressure  gradients,  and  neither  fluid 
support  nor  balloons  will  do  this.  No 
matter  how  the  body  is  supported,  if  it 
remains  in  a  g  field  the  inner  tissues  are 
subjected  to  stress,  blood  pressure  must 
work  through  a  gradient,  and  the  balance 
organs  are  affected. 

I  would  certainly  like  to  know  of  the 
philosophy  behind  such  testing.  Perhaps 
some  of  your  readers  can  enlighten  me. 

C.  W.  Lear 
Space  Technology  Labs 
Redondo  Beach,  Calif. 

Technical  Meetings 
To  the  Editor: 

It  is  very  seldom  that  I  will  write  to 
a  publication  regarding  an  editorial  but  I 
have  just  finished  reading  yours  entitled 
"On  Booze,  Blondes  and  Bashes"  which 
appeared  in  the  October  23  issue  of  Mis- 

siles and  Rochets.  This  is  a  very  excel- 
lent editorial  and  points  out  a  problem  that 

is  becoming  more  serious  and  more  com- 
plex for  most  manufacturers.  The  basic 

premise  of  a  trade  show  is  excellent,  and 
they  can  do  much  good  in  promoting  the 
state  of  the  art.  However,  they  are  becom- 

ing so  numerous  and  so  costly  that  I  per- 
sonally question  the  advantages  that  accrue 

to  the  exhibitor. 
You  are  to  be  congratulated  for  your 

forthright  statements  on  this  situation. 
R.  J.  Hippert 
Advertising  Manager 
Cannon  Electric  Co. 
Los  Angeles,  Calif. 

To  the  Editor: 

Your  editorial  "On  Booze,  Blondes  and 
missiles  and  rockets,  January  8,  1962 
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and  Bashes"  and  subsequent  letters  to  the 
editor  have  been  read  and  my  amen  is 
also  added. 

As  a  representative,  I  would  like  to 
see  my  principals  exhibiting  at  trade 
shows. 

However,  the  carnival  atmosphere  of 
far  too  many  shows  has  caused  them  to 
usually  limit  themselves  to  participation  in 
strictly  regional  shows  (e.g.,  Boston  area 
principal  exhibiting  in  NEMREC). 

Then,  too,  the  fact  that  some  com- 
panies have  what  appears  to  be  a  travel- 

ing road  show  is  discouraging  to  smaller 
companies  who  would  have  to  use  their 
regular  engineering  staff  to  man  the  booth 
at  a  trade  show. 

So  here's  to  the  day  when  technical 
meetings  again  become  truly  technical 
meetings,  wherein  companies  of  all  sizes, 
and  from  all  parts  of  the  country,  will 
exhibit. 

Philander  Chase  Knox 
East  Coast  Liaison,  Inc. 
Lutherville,  Md. 

NASA  Issue  Reprints 
To  the  Editor: 

Your  Nov.  27  NASA  issue  was  out- 
standing. Is  it  possible  to  obtain  reprints 

of  the  editorial  section? 
NASA  is  charged  with  the  respon- 

sibility for  the  Nation's  civilian  or  "peace- 
ful" mission  in  Space.  But  what  about 

our  military  role?  Isn't  this  far  more important  at  this  time?  And  when  will 
you  present  to  the  industry  a  complete 
take-out  on  the  U.S.  military  space  effort? 

George  Johnson 
San  Jose,  Calif. 

Reprints  of  the  editorial  section  of 
MIR's  Nov.  27  NASA  Special  Issue  are available  at  $1  each  ($.75  each  for  11  or 
more)  by  writing  the  Marketing  Dept., 
Missiles  and  Rockets  Magazine,  1001  Ver- 

mont Ave.  N.W.,  Washington  5,  D.C. 
MIR  has  consistently  backed  a  strong 

U.S.  military  space  effort;  its  2nd  Annual 
Research  and  Engineering  Issue,  to  be 
published  March  26th,  will  be  titled  "Mili- 

tary Space  Systems",  and  has  been  set  up 
as  a  follow-on  or  companion  piece  to  the 
NASA  issue. — Ed. 

Goddard  Trophy  Proposal 
To  the  Editor: 

If  I  recall  correctly,  M/R  presents  the 
Dr.  Robert  H.  Goddard  Memorial  Trophy 
each  year  to  the  missile/space  industry's outstanding  individual. 

Is  it  possible  for  subscribers  to  no- 
minate candidates?  If  so,  let  me  propose 

the  names  of  Alan  Shepard  and  Virgil 
Grissom,  the  first  U.S.  Astronauts,  for  a 
joint  award. 

When  and  where  will  the  trophy  be 
presented  this  year? 

Richard  M.  Edwards 
Dayton,  Ohio 

Nomination  duly  noted;  others  are  wel- 
come. The  Goddard  trophy  will  be  pre- 

sented March  16  at  the  Doctor  Robert  H. 
Goddard  Memorial  Dinner,  highlight  of 
the  5th  Annual  Missile  I  Space  Industry 
Conference,  to  be  held  in  Washington, 
D.C.  at  the  Sheraton-Park  Hotel. — Ed. 

Precision  Series  "A"  and 
Low  Cost  Series  "B"  BALL  BUSHING 

Sliding  linear  motions  are  nearly  always 
troublesome.  Thousands  of  progressive 
engineers  and  designers  have  solved  this 
problem  by  application  of  BALL  BUSH- 

INGS on  guide  rods,  reciprocating  shafts, 
push-pull  actions,  or  for  support  of  any 
mechanism  that  is  moved  or  shifted  in  a 
straight  line. 
Improve  your  product!  Up-date  your 
design  and  performance  with  Thomson 
BALL  BUSHINGS! 

Open  BALL  BUSHING 
for  Zero  Clearance  on 

Supported  Shafts 

LOW  FRICTION  •  ZERO  SHAKE  OR  PLAY 
ELIMINATE  BINDING  AND  CHATTER 

SOLVE  SLIDING  LUBRICATION  PROBLEMS 

LONG  LIFE  •  LASTING  ALIGNMENT 

The  various  types  cover  a  shaft  diameter 
range  of  V4"  to  4".  Small  sizes  available in  Stainless  Steel.  Write  for  literature  and 
name  of  our  representative  in  your  city. 

Circle  No.  2  on  Subscriber  Service  Card- 

THOMSON  INDUSTRIES,  Inc. 
Dept.  G,  MANHASSET,  NEW  YORK 

Also  Manufacturers  of  NYLINED  Bearings . . .  Sleeve  Bearings 



A  SINGLE  SOURCE 

If  you  have  a  production  problem  in  aerospace  hardware,  consult 

The  Marquardt  Corporation  —  a  single  source  for  methods 
engineering,  fabricating,  and  f orming  the  metals  of  the  space 

age.  Marquardt  is  a  completely  equipped,  recognized  subcontractor 
with  wide  experience  in  achieving  the  goals  set  by  research, 

design,  and  development  companies.  Spin  forging,  explosive  forming, 
heat  treating,  metal  processing,  machine  tools,  and  all  supporting 
equipment  are  available.  Where  you  might  have  used  two,  three, 

even  four  subcontractors  on  past  complex  projects, 

Marquardt/Manufacturing  can  handle  the  total  project  — 
with  increased  efficiency,  economy,  quality  assurance, 

and  on-time  delivery.  For  further  information  concerning 
our  manufacturing  capability  write  or  call 

H.  C.  Pettit,  Department  B,  at  the  address  below. 

arauardf 

l  CORPORATION 
1000  WEST  33RD  STREET,  OGDEN,  UTAH 
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The  Countdown 

WASHINGTON 

NASA  Looks  into  the  Crystal  Ball 
Officials  at  NASA  are  feverishly  preparing  a  revised 

10-year  space  plan  for  presentation  at  the  new  session  of 
Congress.  Some  500  charts,  pictures  and  drawings  will  be 
included.  So  will  the  first  official  statement  on  the  record 
that  NASA  expects  to  land  an  astronaut  on  the  moon  in 
the  1966-67  time  period. 

New  Navy  Satellite  Readied 
The  Navy  is  preparing  for  a  first  launching  of  a  new 

instrument-crammed  satellite  called  Composit  I.  Few  de- 
tails of  the  new  satellite  are  available.  However,  it  is  ex- 

pected to  involve  the  use  of  the  piggyback  technique  often 
employed  by  the  Navy.  The  launching  is  planned  for  later 
this  month  from  Cape  Canaveral. 

AEC  in  Space 
The  Atomic  Energy  Commission  is  being  tapped  for  a 

much  larger  role  in  the  nation's  space  programs  over  the 
next  several  years.  The  first  step  is  understood  to  be  a 
substantial  increase  in  its  FY  '63  budget  for  R&D  on 
nuclear  propulsion — primarily  the  Rover  program. 

Iconorama  at  the  Pentagon 

The  Pentagon's  underground  command  post  is  now 
plugged  into  the  nation's  missile-air  defense  warning  net 
via  an  Inconorama  visual  display  screen.  Similar  Incono- 
rama  display  systems  are  in  use  at  NORAD's  command 
post  at  Colorado  Springs,  Colo.,  and  SAC's  command post  at  Offutt  AFB,  Neb. 

Spacecraft  Name  Dept. 
The  NASA  Apollo  spacecraft  will  come  under  three 

handy  labels:  Apollo  A  (for  earth  orbiting);  Apollo  B 
(for  moon  orbiting);  Apollo  C  (for  moon  landing).  So 
far,  the  current  NASA  contract  with  North  American 
Aviation  for  10  to  15  spacecraft  covers  only  A  models. 

INDUSTRY 

G-D  Leads  R&D  Contractors 
General  Dynamics,  with  awards  of  $577  million, 

topped  DOD  contractors  in  R&D  work  during  FY  '61. 
Lockheed  was  next  with  $576  million  and  North  Ameri- 

can third  at  $505  million.  The  next  seven:  General  Elec- 
tric ($384  million),  Martin  Marietta  ($319  million), 

Boeing  ($291  million),  Western  Electric  ($279  million), 
Aerojet-General  ($193  million),  Thiokol  ($151  million), 
and  Westinghouse  ($149  million).  Total  R&D  awards 
hit  $6  billion  —  up  $500  million  from  FY  '60.  Five hundred  contractors  received  98.8%  of  the  total. 

R&D  Intelligence 

There's  progress  in  the  Army's  Advent  communica- 
tions satellite  program  with  the  completion  of  the  first 

two  ground  antennae  receiving  stations  at  Ft.  Dix,  N.J. 

Advent's  first  launch  is  set  this  year.  .  .  .  Kollsman  Instru- 
ment is  developing  a  38-in.  primary  mirror  telescope  in 

the  900-4000  angstrom  region  to  go  aboard  NASA's Orbiting  Astronomical  Observatory.  .  .  .  Look  for  another 
Argo  D-4  rocket  test  shot  before  NASA  tries  to  orbit  the 
international  S-48  Topside  Sounder  satellite.  .  .  .  The 
Naval  Ordnance  Laboratory  says  it  has  compiled  the 
first  comprehensive  high-precision  measurements  of  the 
speed  of  sound  in  seawater  into  a  standard  reference 

guide. 
Merger  Sequel 

Retired  Air  Force  Gen.  John  W.  Sessums,  Jr.,  has 
been  replaced  as  chairman  of  the  Lockheed  Propulsion 
Co.  by  Lockheed  Aircraft  President  Daniel  J.  Houghton. 
The  move  followed  Lockheed's  complete  takeover  of 
Grand  Central  Rocket  Co.,  renaming  it  Lockheed  Pro- 

pulsion. As  for  Sessums,  the  company  says  he  will  stay 
on  as  a  board  member  with  a  "broadened  scope  of  activi- 

ties"— including  acting  as  a  consultant. 

Missile  Base  Inquiry  Brewing 

The  Senate  Permanent  Investigations  Subcommittee 
is  reported  to  be  preparing  for  a  new  inquiry  into  the 
Air  Force's  huge  ICBM  base-building  program.  This  new 
go-round  would  involve  a  closer  look  at  management's 
role  in  the  much-delayed  construction  and  installation 
projects.  One  subcommittee  target  is  expected  to  be 
quality  control. 

INTERNATIONAL 

Seaslug  I  To  Join  the  Fleet 

The  Royal  Navy  is  about  to  send  the  W.  G.  Arm- 
strong Whitworth  Seaslug  I  to  sea  aboard  the  first  of 

Britain's  new  County  Class  guided  missile  destroyers — 
the  HMS  Devonshire.  The  new  ship  officially  joins  the 
fleet  this  summer.  However,  other  County  Class  destroy- 

ers scheduled  to  carry  Seaslug  I's  are  not  expected  to 
join  the  fleet  before  1964 — some  nine  months  before 
Seaslug  II  is  scheduled  to  become  operational. 

Overseas  Pipeline 

NATO  officials  have  accepted  the  first  European- 
manufactured  Sidewinder.  .  .  .  SEPR  is  reported  to  be 
testing  a  liquid  fluorine  rocket  engine  .  .  .  the  German 
Test  Establishment  for  Aeronautics  and  Spaceflight  is 

establishing  an  Institute  of  Space  Research.  .  .  .  Nord's 
Vega  ramjet  has  been  undergoing  unannounced  testing 
in  the  Sahara. 

Behind  the  Bamboo  Curtain 

Reports  coming  out  of  Red  China  blame  part  of  the 
growing  Moscow-Peiping  dispute  on  Soviet  refusals  to 
give  the  Chinese  Communists  technical  assistance  in 
building  missiles.  The  Red  Chinese  are  reported  to  be 
seeking  surface-to-surface  missiles  capable  of  spanning 
Formosa  Strait. 
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Atlas  Snags  Orbital  Shot 
Troubles  in  the  Atlas  booster 

have  apparently  delayed  until  Jan. 
23  or  later  the  first  U.S.  manned 
orbital  spaceflight. 

Informed  sources  at  Cape  Canav- 
eral said  that  the  trouble  cropped  up 

overnight.  NASA  officials  in  Wash- 
ington refused  to  confirm  or  deny  the 

report. 
Earlier,  the  shot  reportedly  was 

slated  to  go  about  Jan.  16.  The 
Mercury  capsule  was  only  installed 
on  top  of  the  booster  on  Jan.  3.  It 
will  take  at  least  two  weeks  to  check 
out  the  capsule. 

Shots  of  the  Week 

The  Air  Force's  Titan  II  was 
captive  fired  for  the  first  time  Dec. 
28  in  a  test  aimed  at  reducing  bal- 

listic missile  development  time  by  a 

year. 
The  test,  using  GSE  designed  for 

use  at  operational  Titan  II  bases,  was 
made  at  Martin  Marietta's  Denver 
facility. 

A  company  spokesman  said  "In 
the  past,  we  moved  one  step  at  a  time 
during  the  initial  research  and  de- 

velopment phases.  Our  success  with 

the  Titan  I  gave  us  the  experience 
necessary  to  test  the  operational 
ground  equipment  along  with  the 

very  first  Titan  II  flight  vehicles." The  two-stage  rocket  generated 
over  one-half  million  pounds  of 
thrust  while  checking  compatibility 
of  the  airborne  and  launch  control 

systems. On  the  same  day,  Martin  also 

fired  the  Army's  Pershing  success- 
fully down  the  Atlantic  Missile Range. 

Foxholes  and  barricades  shielded 
instrumentation  that  measured  heat 
and  blast  effects  created  at  liftoff. 
Data  will  be  used  to  determine  safety 
requirements  needed  for  Pershing- 
firing  troops. 

Vela  Data  Center 
To  Be  Constructed 

ARPA  is  planning  the  construc- 
tion of  a  multimillion-dollar  data 

analysis  center  in  the  Washington 
Area  as  part  of  the  Project  Vela  nu- 

clear blast  underground  detection  sys- 
tem. 

The  Vela  Data  Analysis  and 
Technique  Development  Center  will 
be  designed,  installed  and  operated 
by  United  ElectroDynamics,  Inc.  The 

LOCATION  of  Vela  Uniform  seismic  lab- 
oratory, to  be  built  near  Payson,  Ariz. 

center — scheduled  to  go  into  opera- 
tion this  June  —  will  evaluate  data 

from  the  entire  Vela  network  of  40 
fixed  and  mobile  seismic  recording 
stations. 

The  UED  contract  is  for  $1.5 
million.  It  is  expected  to  increase  to 
about  $3  million  over  the  first  21 
months. 

UED  also  is  the  prime  contractor 
for  installing  and  operating  the  Vela 
Uniform  seismic  observatory  at 
Tonto  National  Forest,  Ariz. 

NASA  Space  Flight  Council 
D.  Brainerd  Holmes  is  heading 

up  a  new  management  council  of  top 
NASA  officials.  Holmes,  director  of 
the  Office  of  Manned  Space  Flight, 

says  the  council  is  intended  to  iden- 
tify and  resolve  problems  as  they 

crop  up  in  the  manned  space  pro- 
gram, which  is  directed  primarily  at 

beating  Russia  to  the  moon. 
Other  members  of  the  committee 

include:  Robert  R.  Gilruth,  Director 
of  the  Manned  Spacecraft  Center;  his 
Deputy,  Walter  C.  Williams;  Dr. 
Wernher  von  Braun,  Director  of  the 
Marshall  Space  Flight  Center;  Dr. 
Eberhard  F.  M.  Rees,  Deputy  Direc- 

tor for  Research  and  Development  at 
Marshall;  George  M.  Low,  Director 
of  Space  Craft  and  Flight  Missions; 
Milton  W.  Rosen,  Director  of  Launch 

COVER  STORY 

Army  Gets  First  PIM  Space  Tracker 

AN  ACCURATE,  rugged  space  tracking  system — named  the 
Precision  Instrument  Mount  (PIM) — has  been  developed  by  the 
Army's  Signal  Research  and  Development  Laboratory  at  Fort 
Monmouth,  IS. J.,  Army  officials  announced  recently. 

The  electromechanical  system,  on  which  the  Army  worked 
jointly  with  American  Machine  and  Foundry  Co.,  is  capable  of 
recording  the  position  of  space  objects  to  an  angular  accuracy  of 
180th  of  a  degree  and  a  time  coordinate  of  one-thousandth  of  a second. 

Tracking  is  accomplished  automatically,  semiautomatically  or 
manually  by  the  operator.  PIM  incorporates  the  basic  features  of 
a  pholotheodolite,  according  to  the  Army,  through  the  use  of  a 
sighting  telescope  and  camera.  However,  the  system  provides  new 
capabilities — including  television  for  remote  operation  and  heat- 
sensing  infrared  or  radar  sensors  for  tracking  objects  out  of  the 
operator's  sight. 

PIM — having  successfully  passed  the  Army's  acceptance  tests 
— is  currently  undergoing  operational  tests  at  White  Sands  Missile 
Range.  It  is  expected  to  add  greater  flexibility  to  the  tracking 
facilities  at  WSMR  when  it  is  fully  operational. 

Under  the  initial  contract,  three  more  Precision  Instrument 
Mounts  will  be  built  for  Army  use. 
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Vehicles  and  Propulsion;  Charles  H. 
Roadman,  Director  of  Aerospace 
Medicine;  William  E.  Lilly,  Director 
of  Program  Review  and  Resources 
Management;  and  Joseph  F.  Shea, 
Deputy  Director  for  Systems  Engi- 
neering. 

Excess  Profits  Far  Down 

Renegotiation  Board  excess  profit 
determinations  hit  the  lowest  yearly 
volume  in  nine  fiscal  years  during 
FY  1961— $17,200,093. 

In  its  annual  report  to  Congress, 
the  Board  said  it  made  68  determina- 

tions of  excessive  profits,  raising  the 
cumulative  total  of  all  such  findings 
to  $853,721,027  through  June  30, 
1961. 

Of  the  68  determinations,  the 
Board  said  51  resulted  in  bilateral 
agreements  with  the  contractors  and 
17  in  unilateral  orders  for  refur  ,s 
to  the  government. 

During  the  fiscal  year,  contractors 
voluntarily  refunded  $31.5  million, 
hiking  the  volume  of  voluntary  re- 

funds through  June  30  to  $1.1  billion. 
Total  recovery  by  the  government 

under  combined  determinations  and 
voluntary  refunds  amounted  to  some 
$24.6  during  the  fiscal  year.  This 
total  is  minus  $24  million  in  probable 
tax  credits. 

Rudolph,  Shea  Get  NASA  Posts 

Dr.  Arthur  Rudolph  and  Dr. 
Joseph  F.  Shea  have  been  appointed 
to  top  NASA  positions  at  the  Mar- 

shall Space  Flight  Center  and  Head- 
quarters. 

Shea  was  named  Deputy  Director 
for  Systems  Engineering,  Office  of 
Manned  Space  Flight  in  NASA  Head- 

quarters. He  was  formerly  Space 
Program  Director  for  Space  Technol- 

ogy Laboratories. 
Rudolph — former  Director  of  Re- 

search and  Development  Operations 
for  the  Army  Ballistic  Missile  Agency 
— has  assumed  duties  as  Assistant  Di- 

rector of  Systems  Engineering  for 

NASA's  Office  of  Manned  Space 
Flight.  He  will  serve  as  liaison  be- 

tween the  Marshall  Space  Flight  Cen- 
ter at  Huntsville,  Ala.,  and  the 

Manned  Spacecraft  Center  at  Hous- 
ton. 

Seismometer  for  Ranger 

The  scientific  package  on  Ranger 
nights  RA-3,  -4  and  -5  will  include 
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a  single-axis  seismometer  capable  of 
withstanding  an  impact  of  about 5000g. 

Caltech's  Jet  Propulsion  Labora- 
tory says  the  seismograph  may  help 

provide  insight  into  the  thermal  his- 
tory and  deformation  processes  oper- 
ative on  the  moon.  The  basic  instru- 
ment consists  of  a  coil,  a  spring-sus- 

pended magnet,  and  an  internal  calib- 
ration device.  Natural  period  of  the 

instrument  is  0.9  to  1.2  sees.  Damp- 
ing of  the  seismic  mass  upon  lunar 

impact  will  be  provided  by  a  caging 
fluid.  The  electrical  analog  signals 
generated  will  be  amplified  and  tele- 

metered to  earth  by  FM/PM. 

Rigid  Echo  Readied 

NASA  prepared  this  week  to 
launch  the  first  rigidized  version  of 
the  Echo  passive  communications 
satellite  on  a  ballistic  shot  from  Cape 
Canaveral  designed  to  test  its  ejection 
and  inflation  systems. 

The  135-ft.-dia.  satellite  will  be 
boosted  to  an  altitude  of  about  950 
statute  miles  and  almost  600  miles 
downrange. 

Flight  results  will  be  applied  to 

later  Echo  satellites  and  Project  Re- 
bound. An  Echo  satellite  will  be 

placed  in  a  900-mile-high  polar  orbit 
later  this  year.  The  first  Rebound 
launch — scheduled  for  1963 — will 
place  three  satellites  into  orbit  with 
one  launch  vehicle. 

The  rigidized  version  of  Echo  is 
expected  to  increase  both  its  life  and 
effectiveness.  The  non-rigid  Echo  I, 
launched  Aug.  12,  1960,  has  lost 
60%  of  its  effectiveness  in  reflecting 
signals  because  it  has  lost  it  spherical 
shape.  NASA  scientists  expect  the 
rigidized  version  to  retain  its  shape. 

A  single-stage  Thor  rocket  will 
boost  the  500-lb.  sphere. 

Correction 

In  a  picture  caption  and  an 
accompanying  article  on  page  11 
of  its  Jan.  1  issue,  Missiles  and 
Rockets  inadvertently  named  B. 
F.  Goodrich  Co.  as  participating 

in  NASA's  erectable  space  sta- 
tion program.  The  correct  con- 

tractor and  developer  of  the 
expandable  space  station  models 
is  the  Goodyear  Aircraft  Corp. 

NANMA 

MODEL  -P 

FEATURES 
V  Response  time — less 

than  10  microseconds 
to  transient  temperatures. 

V  Thermal  junction  main- 
tained even  during  erosion. 

v  Temperature  range  from 
— 320°  F  to  over  5000°  F. 

v'  Pressure  range  to  over  5000  PSL. 
v.  Two-dimensional  thermal  junction 

for  accurate  location  of  point  of 
measurement. 

V  Thermocouple  constructed  of  flat  rib 
bon  wires  and  mica  insulation. 

CORPORATION 

&  uttnoducc  t&e  .  .  . 

PLASTIC  THERMOCOUPLE" 
The  body  of  the  Model  "P"  thermocouple  can  be  fabri- 

cated   from    any    plastic,    plastic-mineral  composites, 
non-metal,  alloy,  or  special  proprietary  material.  Thus 
surface  or  in-wall  temperatures  of  a  wide  variety  of 
materials  can  be  measured  accurately  without  dis- 

turbing   the    normal    heat    distribution  pattern 
caused    by    differences    in    thermal  properties. 
Examples  of  materials  successfully  used  in  the 
Model  "P"  include:  plexiglass,  asbestos  phe- 
nolics,    graphite,    copper,    molybdenum  and 
special  proprietary  plastics. "tit 

(Actual  Size)  'tf 
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To  ensure  security  .  .  . 

Space  Council  Unifying  Goals 

In  nine  months  of  operation,  top-level  group  has 

already  done  much  to  develop  cooperative  national  effort 

THE  WHITE  HOUSE-blessed  Na- 
tional Space  Council  is  slowly  bringing 

about  a  quiet  revolution  aimed  at  unify- 
ing the  overall  goals  and  direction  of 

U.S.  space  programs.  The  prime  target: 
Ensuring  national  security. 

At  the  same  time,  the  Council's  in- 
creasingly influential  role  in  helping 

shape  U.S.  space  policies  is  expected 
to  be  one  of  the  most  significant  Admin- 

istration trends  in  1962. 
The  thinking  underlying  many  cur- 

rent Council  recommendations  was  best 
summed  up  in  an  interview  this  week 
with  its  executive  secretary,  Dr.  Edward 
C.  Welsh.  He  said: 

—"We  want  to  continue  to  develop 
working  and  planning  in  terms  of  a  na- 

tional space  program." 
—"We  are  attempting  to  dissolve 

artificial  distinctions  between  peaceful 
and  non-peaceful  uses  of  space.  All  of 
our  programs  are  peaceful.  The  De- 

fense Department's  activities  are  to 
maintain  the  peace;  NASA's  are  to  en- 

able us  to  live  better  in  peace." 
—"We  want  to  maintain  a  sense  of 

urgency.  There  is  always  the  danger 
that  one  can  lag." 

If  successful,  these  policies  will  re- 
sult in  a  reversal  of  the  more-than-two- 

year-old  trend  in  which  the  bulk  of  the 
nation's  space  effort  has  been  invested 
in  so-called  peaceful  projects  and  so- 
called  non-peaceful  projects  have  been 
starved  for  funds. 

In  place  of  this,  administration  offi- 
cials would  put  together  a  national 

space  R&D  program  aimed  at  fully 
developing  all  of  the  technical  capabili- 

ties needed  for  fulfilling  present  and 
future  space  missions  of  the  Defense 
Department  and  NASA. 

•  New  approach  —  Some  major 
moves  in  this  direction  already  have 
been  made  within  the  nine  months  that 
the  Council — never  used  by  the  Eisen- 

hower Administration — has  been  oper- 
ating. One  of  the  most  important  was 

the  manner  in  which  President  Ken- 
nedy made  his  second  revision  of  space 

program  budgets  last  May. 
The  preceding  month  the  President 

ordered  the  Space  Council  to  review 

the  nation's  space  programs  with  the 

aim  of  outstripping  Russian  progress  in 
astronautics.  The  Council's  recom- 

mendations were  presented  to  the  Presi- 
dent as  a  national  program  covering 

the  work  of  all  government  agencies, 
and  the  subsequent  Administration  pro- 

posals were  sent  to  Congress  in  a  similar 
manner. 

This  pattern  has  been  maintained  by 
the  Council  in  reviewing  proposals  in 
the  FY  '63  budget — that  will  be  sent  to 
Congress  within  the  next  several  weeks. 

Another  important — and  more  diffi- 
cult— move  has  been  the  arrangement 

and  encouragement  of  cooperation  be- 
tween NASA  and  the  military  services 

as  well  as  other  agencies  particularly 
on  the  working  level. 

Details  in  this  area  are  still  far  from 
having  been  worked  out.  But  the  pres- 

sure to  do  so  is  being  maintained. 
•  Many  masters  —  Meantime,  the 

Council  has  been  extremely  active  in 
a  number  of  other  controversial  areas. 

One  is  the  drafting  of  the  Adminis- 
tration's policy  on  commercial  com- munications satellites  and  later  the 

drafting  of  the  Administration's  ComSat 
bill  which  will  be  sent  to  Congress  this 
month.  The  bill  is  expected  to  provide 
authority  for  a  broad-based  private  cor- 

poration to  operate  the  commercial 

system. Three  other  areas  of  Council  activ- 
ity have  involved  it  in  helping  to  stand- 

ardize space  patent  provisions;  clearing 
the  way  for  the  first  launching  of  a 
SNAP  nuclear  power  unit  into  orbit, 
and  studying  the  nation's  aerospace medicine  facilities. 

These  represent  the  three  points  from 
which  the  Council  receives  assignments 
in  its  overall  mission  of  keeping  tabs 
for  the  President  and  advising  him  on 
the  nation's  space  and  aeronautical  proj- ects. The  President  asked  for  the  work 
on  communications  satellites;  the  AEC 
on  SNAP;  the  Council,  itself,  on  aero- 

space medicine. 
•  Few  workers — Despite  the  con- 

siderable ground  that  the  Council  has 
covered  since  last  spring,  it  is  only 
within  the  last  several  months  that  it 
has  operated  with  anything  approach- 

ing more  than  a  skeleton  staff.  In  the 

by  James  Baar 

spring  when  the  budget  was  being  re- 
vised, the  staff  was  virtually  one  man — 

Welsh,  who  operated  out  of  a  borrowed 
office  with  a  borrowed  secretary. 

At  present,  the  Council  has  a  total 
staff  of  about  1 2  people,  of  which  seven 

are  professional  "aerospace  assistants," a  Welsh-coined  title.  At  the  most,  the 
staff  is  not  expected  to  be  more  than 
doubled  in  the  future. 

As  now  constituted  by  law,  the 
Council  is  comprised  of  Vice  President 
Lyndon  Johnson,  who  is  chairman;  De- 

fense Secretary  Robert  McNamara; 
Secretary  of  State  Dean  Rusk;  NASA 
Administrator  James  Webb;  and  AEC 
Chairman  Glenn  Seaborg. 

However,  because  each  Council 
member  wears  two  hats,  it  is  inevitable 
that  only  the  Vice  President  and  Welsh 
become  the  Council's  principal  space 
policy  advisers,  and  the  Council  as  a 
group  acts  more  as  a  coordinating 
board. 

•  High  optimism — So  far,  Welsh 
feels  the  new  system  is  working  well. 
He  has  had  good  cooperation:  he  re- 

ceives regular  reports  from  the  agencies 
and  when  he  wants  additional  informa- 

tion he  and  his  staff  are  provided  it. 
But,  even  with  complete  coopera- 

tion, a  huge  program  that  is  spread 
throughout  so  many  agencies  can  con- 

tain innumerable  pitfalls  and  room  for 
foot  dragging  and  misunderstanding. 
Obviously,  one  problem  continues  to  be 
a  broad  agreement  on  goals  especially 
relating  to  national  security. 

"We  are  trying  to  develop  an  in- 
creased awareness  of  the  uses  of  space 

for  defense  purposes,"  Welsh  said,  sit- ting at  his  desk  in  the  Executive  Office 
Building.  "If  we  have  this  rather  than 
a  feeling  of  rivalry,  then  you  can  have 

a  much  smoother  operation." He  said  he  was  optimistic  that  the 
Council  will  be  successful  in  carrying 
out  its  policies  and  made  clear  that  his 
optimism  is  based  to  a  great  extent  on 
the  support  of  his  staff  at  the  highest 
level  of  the  Administration. 

"After  all,"  he  said,  "the  Vice  Presi- 
dent is  the  chairman  and  it  isn't  just incidental  that  I  carry  a  White  House 

pass."  8 
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ARTISTS  CONCEPT  of  three-stage  Nova 
configuration  now  being  planned  for. 

AFTER  MUCH  deliberation  NASA 
is  planning  to  move  ahead  with  hard- 

ware development  of  the  Nova  super- 
booster  in  1962. 

Prospects  for  the  multimillion-dollar 
moon  rocket — long  considered  dubious 
— now  seem  measurably  improved.  But 
the  actual  commitment  of  funds  still 
must  await  congressional  approval  of 
NASA's  FY  '63  budget. 

If  present  plans  hold  firm,  NASA 
expects  to  award  industrial  contracts 
for  the  Nova  vehicle  sometime  after 
July  1 .  The  booster  will  have  three 
stages,  requiring  development  of  two 
brand-new  multimillion-lb. -thrust  upper 
stages,  as  well  as  the  first  stage. 

No  final  stamp  of  approval  has  been 
given  to  the  vehicle's  design.  But  Milton R.  Rosen,  director  of  launch  vehicles 
in  the  agency's  Office  of  Manned  Space 
Flight,  told  Missiles  and  Rockets  in 
an  interview  that  Nova's  configuration 
now  shapes  up  like  this: 

—First  stage — Eight  Rocketdyne  F-l 
engines  with  a  thrust  of  1.5  million  lbs. 
each  or  a  total  thrust  of  12  million  lbs. 

—Second  stage— Either  two  or  four 
M-l  liquid  hydrogen  engines  which  will 
have  a  thrust  of  from  1  to  1.5  million 
lbs.  each  (M/R,  Jan.  1,  p.  10).  An- 

other possibility,  although  slight,  calls 
for  the  use  of  eight  J-2  engines,  200,000 
lbs.  thrust  each. 

—Third  stage — One  J-2  engine,  for 
a  total  stage  thrust  of  200,000  lbs.  This 
is  the  same  as  the  third  stage  of  the 
Saturn  C-5  vehicle  for  which  the  Doug- 

las Aircraft  Corp.  has  the  contract. 
Nova  would  be  used  to  send  the 

entire  Apollo  spacecraft — which  may 
weigh  as  much  as  150,000  lbs. — directly 

NASA  PI  ans  Push 

To  Get  Three-Stage  Nova 

Congress  willing,  first  industrial  contracts  for  vehicle 

may  be  let  after  July  7;  reports  of  scrapping  discounted 

to  the  moon  and  back. 
For  that  mission,  Rosen  said,  Nova 

as  presently  planned  would  not  be  mar- 
ginal, but  would  have  more  than  enough 

capability. 
o  No  scrapping — Rosen  effectively 

discounted  published  reports  that  NASA 
intends  to  scrap  Nova  and  place  all  its 
hopes  for  achieving  a  manned  lunar 
landing  on  the  Saturn  C-5  and  orbital 
rendezvous.  He  said  Nova  definitely  is 
needed  and  that  the  U.S.  space  program 
cannot  be  pushed  without  it. 

He  said  that  while  orbital  rendez- 
vous may  be  the  best  bet  for  the  lunar 

landing  flight,  any  follow-on  programs 
will  require  a  Nova-class  vehicle. 

He  added  that  it  is  a  necessity  if 
the  U.S.  intends  to  establish  a  moon 
base  or  undertake  manned  exploration 
of  the  planets. 

The  selection  of  a  contractor  for 

Nova's  first  stage  will  be  made  follow- 
ing industrial  competition  similar  to  that 

for  the  recent  S-1B  award,  approxi- 
mately 30  firms  will  be  invited  to  a  pre- 

proposal  conference.  Interested  firms 
will  then  submit  bids. 

The  same  procedures  may  not  be 
followed  in  the  development  of  the  new 
M-l  engine,  because  NASA  feels  far 
fewer  firms  are  qualified  to  build  it. 
While  Rosen  said  that  no  final  decision 
had  yet  been  made,  informed  sources 
report  that  the  go-ahead  announcement 
for  the  engine  is  imminent. 

•  Engine  choice — The  number  of 
engines  which  will  be  used  in  a  Nova 
second  stage  will  depend  upon  a  final 
decision  as  to  the  total  thrust  of  each 
engine.  If  a  1 -million-lb.  or  slightly 
higher  thrust  engine  is  built,  four  would 

be  clustered.  If  the  engines'  thrust  ap- proaches the  1.5  million  range,  only  two 
would  be  needed. 

An  engine-out  capability  would  also 
require  four  engines.  Total  second  stage 
thrust  could  run  from  3  million  to  4 
million  lbs. 

Rosen  also  said  that  if  the  Nova 

stages  are  built  at  NASA's  Michoud 
plant — which  appears  likely — plant  ex- 

tension and  additional  facility  construc- 
tion will  be  required.  He  indicated  that 

if  any  other  plant  site  is  chose,  it  will 
have  to  be  in  a  100-mile  radius  of  the 
New  Orleans  area,  where  NASA  is  pres- 

ently concentrating  big  launch  vehicle 
development  and  test-firing. 

The  thrust  of  the  Nova  booster 
could  also  be  sharply  upgraded  if  nu- 

clear upper  stages  are  added  later  on. 
NASA  officials  now  estimate  that  the 
Rift  nuclear  stage  will  be  test-flown  in 
1966-67,  but  it  is  almost  certain  that  it 
will  not  be  ready  for  manned  flight 
until  1968-1969. 

NASA,  however,  is  moving  ahead 
with  procurement  procedures  for  the 
vehicle.  January  8  is  the  deadline  for 
submission  of  proposals  by  industrial 
firms  who  want  to  be  considered  in  the 
selection  of  a  prime  contractor.  In  about 
two  to  four  weeks,  NASA  will  announce 
the  firms  invited  to  submit  detailed  de- 

velopment bids. 
Also  expected  in  the  near  future  is 

the  announcement  of  a  contract  for 
further  development  of  the  Nerva  nu- 

clear engine  which  will  power  the  Rift 
stage.  Westinghouse  Electric  Co.  and 
Aerojet-General  Corp.  have  the  current 
contract  and  it  is  likely  they  will  be 
awarded  the  new  extended  contract.  8 
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No  precise  dimensions  . 

First  Designs  of  Apollo  Lunar  Cra 

Gemini  closely  resembles 

Mercury,  but  Apollo  will 

have  wider  module  and  a 

blunter  nose  than  expected 

NASA  UNVEILED  its  first  design 
sketch  for  the  Apollo  lunar  spacecraft 
last  week,  along  with  ones  for  the  two- 
man  Mercury  follow-on  which  it  has 
named  Project  Gemini. 

The  sketches  show  the  $500-million 
Gemini  program  capsules  will  be  the 
same  shape  as  Mercury  (M/R,  Dec. 
18,  p.  13),  but  that  the  Apollo  service 
module  will  have  a  wider  diameter  than 
previously  indicated.  The  Apollo  re- 

entry vehicle  shape,  moreover,  is  much 
blunter  than  test  models  and  some  of 
the  configurations  proposed  by  con- 
tractors. 

Gemini  will  be  used  as  a  test  bed 
for  orbital  rendezvous  flights  and  for 
manned  flights  of  a  week  or  more.  Its 
name  stems  from  the  third  zodiacal 
constellation,  the  twin  stars  Castor  and 
Pollux. 

Apollo  will  carry  three  U.S.  astro- 
nauts on  earth-orbiting  and  circumlunar 

missions,  and  a  manned  landing  and 
return  from  the  moon. 

•  Apollo's  outline  — ■  Space  agency 
officials  have  not  revealed  precise  di- 

mensions for  either  Apollo  or  Gemini. 
But  it  is  reported  that  Apollo  will  weigh 

S5\ 

PROJECT 
MERCURY 

PROJECT  GEMINI 

COM  PA  RISON  of  Mercury  unci  Gemini  manned  vehicle  designs. 

between  100,000  and  150,000  lbs.  It 
will  be  15  ft.  to  20  ft.  high  and  about 
60  ft.  long.  The  command  and  service 
modules  shown  in  the  drawing  will  be 
12  to  15  ft.  in  both  length  and  diam- 

eter. The  propulsion  (lunar  landing) 
and  orbiting  laboratory  modules — not 
shown — will  be  about  30  ft.  long. 

The  spacecraft's  three-man  crew 
will  sit  side  by  side.  The  service  mod- 

ule— as  the  drawing  indicates — will 
contain  the  propulsion  units  necessary 
to  lift  the  spacecraft  from  the  lunar 

surface  and  power  it  on  its  return  trip 
to  the  earth. 

The  Apollo  capsule  will  be  launched 
by  the  Saturn  C-5  and  Nova  boosters. 
An  official  announcement  of  the  selec- 

tion of  the  C-5  as  the  booster  for  pos- 
sible orbital  rendezvous  flights  to  the 

moon  is  imminent.  The  disclosure  is 
being  delayed  until  the  space  agency 
can  come  up  with  a  new  name  for  the 
launch  vehicle  which  will  have  five  F-l 
engines  developing  7.5  million  lbs. 
thrust.    Development  of  the  Nova  ve- 

1.  ATLAS-AGENA  8  LAUNCHED 2.  DETERMINE  ORBIT  OF  AGENA  B 

AGENA  B 
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SEQUENCE  OF  PROJECT  GEMINI  FLIGHT  MISSION. 
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nd  Gemini  Two-man  Capsule  Shown 

COMMAND  MODULE: 
•  MISSION  CONTROL 
•  CREW  QUARTERS 
•  LIFE  SUPPORT 
•  RE-ENTRY 

SERVICE  MODULE: 

•  MIDCOURSE  CORRECTIONS 
•  ABORT  PROPULSION 
•  ELECTRIC  POWER 
•  EXPENDABLE  SUPPLIES 

►  GUIDANCE  &  NAVIGATION 
►  LUNAR  RECONNAISSANCE 
►  HIGH  SPEED  RE-ENTRY  &  RECOVERY 

CIRCUMLUNAR  CONFIGURATION  of  Apollo  spacecraft. 

hicle  has  not  begun  yet,  but  is  slated 
to  move  ahead  in  mid  1962. 

Apollo  is  scheduled  for  earth-orbital 
flights  in  1965,  circumlunar  missions 
in  1966,  and  a  manned  lunar  landing 
in  that  year  or  in  1967. 

•  Family  likeness  —  The  Gemini 
spacecraft — as  illustrated  in  the  other 
NASA  drawing — will  also  seat  its  two- 
man  crew  side  by  side.  Several  un- 

manned ballistic  flights  will  be  at- 
tempted with  the  spacecraft  in  1963. 

Then  a  series  of  one-day,  three-day, 

and  one-week  manned  flights  are  sched- 
uled. The  orbital  rendezvous  missions 

will  come  late  in  1964. 
In  essence,  Gemini  is  an  enlarged 

but  far  more  complex  version  of 
NASA's  current  Mercury  capsule.  It 
will  be  1  ft.  larger  than  Mercury's  74- in.  base  and  it  will  be  lengthened 
proportionately  to  provide  a  50%  in- 

crease in  cabin  space.  It  will  be  two 
to  three  times  as  heavy  as  Mercury, 
weighing  about  4000  lbs.  during  its 
early  flights  and  6000  lbs.  during  the 

rendezvous  missions. 

The  Martin  Marietta  Corp.'s  Titan II  booster  will  be  used  to  launch  Gemini 
on  all  of  its  flights.  Its  second  stage 
will  be  uprated  from  15,500  to  17,500 
miles  per  hour  to  furnish  the  necessary 
thrust  capability. 

In  the  rendezvous  operation,  the 
Agena  B  will  be  launched  by  an  Atlas 
booster  into  a  150-mile  nautical  orbit. 
It  will  be  tracked  for  approximately  one 
day  to  determine  precise  orbit. 

The  information  will  then  be  fed 
automatically  into  computers  to  deter- 

mine the  exact  time  that  the  Gemini 
spacecraft  should  be  launched. 

Its  Titan  II  booster  will  send  the 
spacecraft  into  an  elliptical  earth  orbit 
which  will  vary  from  100  to  150-mile- 
high  altitudes. 

When  the  spacecraft  is  in  apogee, 
it  will  be  in  the  same  orbit  as  the  Agena 

B.  As  soon  as  possible,  the  spacecraft's pilot  will  lock  on  the  Agena  B.  To  do 
this,  the  pilot  will  utilize  air-to-air 
sensors,  transponders  and  electromag- 

netic sensing  devices. 
Once  he  is  locked  on  the  Agena  B, 

the  closing  phase  will  begin  with  the 
firing  of  the  spacecraft's  hypergolic 
engines. 

Prior  to  re-entry,  the  Agena  B  will 
be  jettisoned. McDonnell  Aircraft  Corp.  has  won 
the  contract  to  develop  the  Gemini 
spacecraft  and  North  American  Avia- 

tion Inc.  has  the  prime  contract  for 
Apollo.  " 

3.  SPACECRAFT  LAUNCHED 4.  RENDEZVOUS  DOCKING 
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Second  in  a  series  .  .  . 

Expedition  to  Saturn:  Can  Men  Com 



Jack  from  the  Outer  Planets? 

STEPS  BEYOND  MARS 

THIS  IS  THE  SECOND  in  a  se- 
ries of  articles  examining  the 

problems  which  must  be  solved 
before  man  can  send  probes  or 
himself  to  explore  the  outer 
planets.  The  first— probing  Jupi- 

ter—appeared in  the  Dec.  4 
Issue. 

Robert  L.  Forward,  the  author, 
is  a  physicist  at  Hughes  Research 
Laboratories,  now  on  leave  to 
pursue  advanced  studies  at  the 
University  of  Maryland.  He  has 
published  a  number  of  papers 
on  masers,  radar  antenna  noise 
and  general  relativity. 

Two  more  articles  in  the  se- 
ries indicating  the  advances 

needed  to  reach  the  "twins"— 
Uranus  and  Neptune— and,  fi- 

nally, Pluto,  will  appear  in  forth- 
coming issues. 

by  Robert  L.  Forward 

<  

"STORM  CELLAR"  proposed  by  author 
would  employ  superconducting  electro- 

magnetic coils  to  shield  astronauts  from 
solar  protons  during  interplanetary  jour- 

neys. Artist's  concept  shows  protons  being 
repelled  by  magnetic  field  while  others 
riddle  normal  living  quarters.  "Cellar" 
would  be  used  only  during  periods  of  solar 
flare  activity. 

ONCE  MAN  SUCCEEDS  in  explor- 
ing the  planet  Jupiter,  he  should  within 

a  few  years  be  ready  to  take  a  second 
major  step — 900  million  miles  to  Saturn. 

It  can  be  assumed  that  throughout 
the  preparation  for  an  expedition  to 
Jupiter  new  ideas  and  devices  will  have 
been  developed,  making  the  Jupiter  ve- 

hicle look  obsolete  before  it  leaves  its 
parking  orbit.  Spacecraft  for  such  long 
journeys  must  be  built  from  proven 
hardware,  for  round  trips  to  these  outer 
planets  will  take  years. 

•  The  planet — When  one  looks  at 
Saturn  through  the  telescope,  the  rings 
attract  the  eye,  leaving  the  yellowish 
globe  itself  nearly  unnoticed.  Basically, 
however,  Saturn  is  not  too  much  dif- 

ferent from  Jupiter,  except  in  size. 
Saturn  has  cloud  belts  and  roving  spots, 
but  all  the  markings  are  more  subdued 
and  less  violent  in  their  motion  than 
their  counterparts  on  Jupiter.  A  broad 
yellow  band  encircles  Saturn's  equator 
and  there  are  greenish-yellow  caps  over 
the  polar  regions. 

Although  Saturn  is  quite  large  in 
volume,  it  has  a  comparatively  small 
mass.  In  fact  its  density  is  only  two- 
thirds  that  of  water!  Its  short  rotation 
period  of  10  hours  combined  with  the 
low  density  causes  Saturn  to  be  quite 
elliptical  in  shape.  A  model  of  the 
planet  proposed  by  Wildt  consists  of  a 
rocky  core  of  28,000  miles,  an  ice 
layer  extending  out  8000  miles  and  a 
hydrogen-methane  atmosphere  1 6,000 
miles  thick. 

Saturn  is  almost  twice  as  far  from 
the  sun  as  Jupiter.  Its  upper  atmos- 

phere is  therefore  colder,  and  more 
of  the  ammonia  is  frozen  out. 

•  Can  men  land  on  Saturn? — For  all 
the  outer  planets,  the  feasibility  of  man- 

ned exploration  is  determined  mainly  by 
whether  or  not  a  return  trip  can  be 
launched  up  from  the  surface.  The  con- 

struction of  a  rocket  that  can  attain  the 
necessary  orbital  velocity  of  16.2  mi./ 
sec.  about  Saturn  is  not  a  trivial  project. 

Although  the  escape  velocity  is  high, 
the  surface  gravity  is  not.  The  surface 
gravity  depends  not  only  on  the  mass 
of  the  planet,  but  also  on  its  radius. 
Because  of  Saturn's  low  density,  the 
gravitational  attraction  at  the  top  of  the 

atmosphere  is  only  1  g.  If  we  accept 
the  Wildt  model,  the  gravitational  at- 

traction at  the  ice  surface  is  still  only 
2.7  g's.  Thus,  manned  exploration  of 
the  surface,  although  difficult,  is  not 
ruled  out  by  gravity. 

•  Saturn's  rings — The  most  striking 
feature  of  Saturn  is  its  ring  system. 
The  rings  consist  of  many  millions  of 
small  solid  particles,  each  in  its  own 
orbit  about  Saturn.  The  sizes  are  not 
known,  but  due  to  the  high  reflecting 
power  of  these  particles,  it  is  presumed 
that  they  are  quite  small,  most  of  them 
being  the  size  of  grains  of  sand.  The 
reason  that  the  particles  have  formed 
into  rings  rather  than  a  moon  is  that 
their  orbits  are  inside  the  Roche  limit. 
Solid  bodies  of  any  size  cannot  orbit 
too  close  to  a  planet  without  being 
pulled  apart  by  the  differences  in 
gravitational  pull  on  the  near  and  far 
side  of  the  body. 

The  fact  that  there  are  rings  rather 
than  a  single  ring  is  the  result  of  the 
perturbations  on  the  particles  in  the 
rings  by  the  three  inner  satellites, 
Mimas,  Enceladus,  and  Tethys.  These 
satellites  force  the  small  particles  in  the 
rings  to  avoid  certain  speeds  in  moving 
about  Saturn,  with  the  result  that  dark 
spaces  show  at  the  critical  distances. 

Cassini's  division,  the  conspicuous 
dark  space  between  the  outer  and  mid- 

dle rings,  covers  a  region  in  which  the 
tiny  particles  would  move  with  a  period 
of  eleven  hours.  This  period  is  one  half 
that  of  Mimas, '  one  third  that  of  En- 

celadus, and  one  quarter  that  of  Tethys. 
Other  expected  dark  gaps  can  also  be 
observed. 

The  reason  for  the  gaps  is  easy  to 
see.  Let  us  take  the  case  that  three 
revolutions  of  the  particle  require  ex- 

actly the  same  time  as  two  revolutions 
of  Mimas.  Whatever  perturbations  are 
produced  in  three  revolutions  of  the 
particle  will  be  duplicated  in  the  next 
three  revolutions,  and  so  on,  eventually 
changing  the  orbit  materially.  The  proc- 

ess is  similar  to  that  occurring  when  an 
automobile  passes  over  a  series  of 
equally  spaced  bumps  in  the  road. 

A  similar  case  involves  Jupiter  and 
the  asteroid  belt.  A  curve  of  the  num- 

(Continued  on  page  38) 
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VITAL:  command  and  control  systems  which  collect,  transmit,  process 

and  display  information  to  military  commanders  responsible  for 

compressed-time  decisions. 

THE  I 

MITRE 

is  now  engaged  in  designing  and  developing 
computer-based  command  and  control  systems 
which  collect,  sort,  transmit,  and  display  infor- 

mation vital  to  those  who  make  command  de- 

cisions. SAC's  Command  and  Control  System, 
SAGE,  BMEWS,  NORAD,  MIDAS  and  other 
urgent  military  programs  are  all  within  the  scope 

of  Mitre's  system  integration  work. 
Formed  in  1958,  Mitre  is  an  independent 

nonprofit  corporation  with  a  growing  technical 

•  Operations  Research 
•  Communications 
•  Human  Factors 
•  System  Cost  Analysis 
•  Econometrics 

•  Radar  Systems  and 
Techniques 

•  System  Analysis 
•  Advanced  System  Design 
•  Computer  Technology 

staff  engaged  in  systems  planning,  engineering 
and  management  for  the  Air  Force  Electronic 
Systems  Division. 

You  are  invited  to  join  this  scientific  com- 
munity and  participate  in  important  work  which 

is  performed  in  an  atmosphere  of  objectivity 
and  free  inquiry. 

Engineers  and  scientists  interested  in  the 
vital  field  of  command  and  control  technology 
may  inquire  about  openings  in: 

•  Mathematics 
•  Air  Traffic  Control 

System  Development 
•  Antenna  Design 
Microwave  Components 

Write  in  confidence  to:  Vice  President  —  Technical  Operations,  The  Mitre  Corporation, 
Post  Office  Box  208,  Dept.  WR12,  Bedford,  Massachusetts 

An  equal  opportunity  employer 



technical  Countdown 

ELECTRONICS SUPPORT  EQUIPMENT 

e  of  MM-IR  Range  Sought 
Theoretical  studies  of  the  millimeter-infrared  portion  of 
electromagnetic  spectrum  have  been  initiated  by  Page 

•  mimunications  Engineers,  Inc.  Little  is  known  concerning 
iithods  for  generating  or  receiving  signals  at  such  wave- 
igths  (0.0001  to  approx.  1.0  mm) — just  below  that  of  the 
vest  frequencies  producible  by  lasers.  Page  is  investigating 
2  possibility  of  generating  phonon  waves  and  transducing 
bm  to  electromagnetic  waves  instead  of  attempting  direct 
:ctromagnetic-wave  generation.  The  problem  is  to  achieve 
We-body  interaction  using  phonons  at  mm-IR  wave- 
igths.  Coherent  mm-IR  signals  might  offer  a  whole  new 
nd  for  communications,  Page  scientists  believe.  Thermal 
:ects  of  a  coherent  mm-IR  beam  might  also  be  used  as  a 
structive  beam  for  antimissile  defense. 

ew  Computer  Element  Developed 
A  multiple-shift  register  and  pseudo-random  noise  gen- 

ator  using  a  single  tunnel  diode  for  each  stage  has  been 
sted  successfully  by  Martin  Marietta.  Developed  by  the 
)mpany's  Electronic  Systems  and  Products  Division  in 
altimore,  units  have  been  operated  at  a  100-mc  clock  rate, 
higher  rates  will  be  possible  soon,  Martin  engineers  said. 

OPTICS 

IASA  Awards  New  OAO  Contract 

Kollsman  Instrument  Division  has  just  received  another 
&D  and  production  contract  for  NASA's  Orbiting  Astro- 
omical  Observatory  (OAO).  The  recent  $1 -million  award  is 
>r  a  38-in.-dia.  primary  mirror  in  the  space  telescope.  It 
so  includes  an  ultraviolet-range  spectrometer  with  asso- 
ated  signal  processing  and  other  electronics.  Under  an 
irlier  subcontract  to  General  Electric,  Kollsman  is  supply- 
ig  the  fine-stabilization  star  trackers  for  all  the  OAO  ve- 
icles. 

ardinia  Range  Buys  Three  Igors 
Vitroselenia  of  Rome  will  purchase  three  large  tracking 

lescopes  for  the  Italian  Air  Ministry  from  J.  W.  Fecker 
•iv.  of  American  Optical  Co.  The  Igor  Mark  Ill's,  modified 
;rsions  of  Fecker's  standard  18-in. -aperture  optical  sys- m,  will  employ  a  Contraves  drive  system.  The  instruments 
ave  multiple  focal  length  and  automatic  exposure  and  focus 
sntrol.  The  contract,  believed  in  excess  of  $600,000,  calls 
)r  installation  of  the  instruments  at  the  Sardinia  Missile 
est  Range  by  late  summer. 

Optical  Tracking  System  Used  for  Titan 
A  specially-designed  glass  refractor — mounted  on  the 

Lin  of  a  Titan  I  ICBM — is  being  used  to  track  and  photo- 
•aph  the  missile  flight,  Corning  Glass  Works  developers  an- 
Dunced  recently.  The  refractor-reflector  system,  they  re- 
art,  enables  the  light  from  a  22-million-peak-candlepower 
;non  lamp  which  flashes  on  and  off  at  half-second  intervals 
i  be  photographed  by  ground  stations  with  special  ballistic 
imeras.  The  refractor  glass — a  berosilicate  compound — is 
isily  formed,  hard  and  heat-resistant. 

Saturn  Umbilical  to  Be  Extended 

The  umbilical  tower  at  NASA's  Saturn  Launch  Complex 
34  at  Cape  Canaveral  will  be  extended  from  its  present  27-ft. 
level  to  its  full  240-ft.  length,  space  agency  officials  an- 

nounced recently.  Tapering  upward  from  a  24-ft.  base,  the 
tower  will  be  10  ft.  square  at  the  top  and  will  carry  the  elec- 

trical, pneumatic  and  hydraulic  connections  used  in  fueling 
and  servicing  the  multiple-stage  Saturn.  Work  platforms  will 
be  located  at  20-ft.  intervals  on  the  structure. 

NBS,  Navy  Change  Standard  Frequencies 

On  Jan.  1,  the  National  Bureau  of  Standards  and  the  U.S. 
Naval  Observatory  boosted  standard  frequency  transmissions 
by  2  parts  in  1  billion.  Necessitated  by  irregular  variations  in 
the  earth's  speed  of  rotation,  the  change  will  result  in  higher 
precision  in  scientific  measurements,  satellite  tracking,  radio 
communications  and  navigation,  NBS  said. 

ADVANCED  MATERIALS 

Resistor  Noise-Correlation  Found 

Engineers  at  Corning  Glass  have  found  a  fast  means  of 
predicting  temperature  coefficient  and  life  performance  in 
three  tin-oxide  film  resistor  types.  The  determination  is  based 
on  a  correlation  between  current  noise  and  electrical  per- 

formance and  supported  by  measurements  on  thousands  of 
resistors. 

Inflatable  Bags  Aid  Solid  Motor  Production 

Cylindrical,  inflatable  bags  designed  by  Garrett  Corp.'s 
Air  Cruisers  Division  hold  slivers  of  inert  material  firmly 
against  the  walls  of  motor  cases  during  preparation  stages  at 
Thiokol  Chemical.  The  development  permits  the  bonding  of 
the  slivers  to  the  case  wall  and  eliminates  the  necessity  for 
bolts.  The  uniform  pressure  exerted  by  the  bags  results  in  a 
uniform  thickness  of  bonding  material. 

New  Aft  Insulation  for  Minuteman? 

A  molded  all-rubber  internal  case  insulation  may  replace 
plastic  segments  in  the  insulating  of  Minuteman  first-stage 
aft  closures.  The  units  are  molded  in  one  piece  from  Hitco 
6520,  a  silica  dioxide-loaded  Buna-N  rubber,  by  Dumont 
Manufacturing  Corp. 

Ceramic  Raw  Materials  Upgraded 

Specially  processed  flint,  silica,  sand  and  pure  kaolins  for 
the  glass  and  ceramic  industries  soon  will  be  available  from 
Gladding  McBean  &  Co.,  Glendale,  Calif.  Part  of  the  firm's 
diversification  program,  the  raw  materials  benefaction  proc- 

ess to  make  minerals,  non-metallics  and  ores  more  usable, 
will  begin  in  1962  with  completion  of  a  new  processing  plant 
at  lone,  Calif.  The  company  also  produces  ceramic  radomes 
for  Sparrow  III. 
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EXPECT  MORE 

from  your  next 

weapons  system 

In  our  world,  a  defense  system  cannot  be  merely  adequate.  We  cannot  risk 
being  second  best.  We  cannot  afford  to  demand  less  than  full  value  for  every 
tax  dollar  spent. 

Industry's  job  is  to  grasp  the  full  implication  of  the  mission,  to  design  and  build 
the  system  to  meet  cost  requirements  and  delivery  schedules.  And  to  insure  that 
it  will  perform  when  the  buttons  are  pressed. 

The  company  which  can  do  this  job  has  a  total  capability.  At  Hughes,  this 
capability  has  many  parts — a  record  of  15  years  of  scientific  achievement,  a 
working  force  of  over  28,000,  facilities  covering  5.3  million  square  feet,  vigor- 

ously applied  Value  Engineering  and  Cost  Improvement  programs,  a  fund  of 
over  100,000  man-years  of  systems  experience. 

These  are  impressive  statistics  even  when  taken  piecemeal.  But  they  are  most 
meaningful  when  seen  as  parts  of  a  functional  unity.  For  Hughes  can  be  likened 
to  a  dynamic,  creative  system  which  has  proved  its  competence  and  spirit  of  pur- 

pose many  times.  Examples: — The  "Missile  Monitor"  truck-mounted  mobile  com- 
mand and  control  air  defense  system  —  16,000  airborne  fire  control  systems  —  Surveyor  soft 

lunar  landing  spacecraft  —  33,000  Fa/con  air-to-air  missiles. 

The  broad  capabilities  reflected  here  fully  equip  Hughes  to  assume  complete 
management  responsibility  for  systems  assembly,  check-out  and  integration. 
This  competence  is  backed  by  Hughes  abilities  in  manufacturing,  assembly, 
operator  training,  operational  activation,  field  support  and  maintenance. 

Expect  more  from  Hughes.       Hughes  is  ready  to  deliver. 

Creating  a  new  world  with  electronics 
!  1 

HUGHES 



stems  integration,  as  well  as  design 
d  development  was  Hughes  responsi- 
ity  in  the  MA-1/F-106  program.  Nine 
pr  Hughes  systems  have  preceded 
d  followed  it— a  total  of  16,000  airborne 
items  having  been  produced.  Hughes 
>  been  the  sole  supplier  to  the  U.S. 
■  Force  of  all-weather  interceptor  fire 
ltrol  systems  for  12  years. 

Propulsion  facilities— Hughes  has  test- 
ed over  1,500  missiles  in  every  conceiv- 

able mode  of  operation.  The  Hughes 
Tucson  plant  has  extensive  facilities  for 
solid  propellant  and  explosives  storage 
and  final  missile  assembly.  The  com- 

pany maintains  special  propellant  and 
propulsion  capabilities  to  support  pro- 

curement of  solid  fuel  engines. 

mand  control  experience— The  "Mis- 
monitor"  mobile  electronic  air  defense 
:m  performs  target  acquisition  and  mis- 

directing functions  for  Nike  Ajax,  Nike 
ules  and  Hawk  batteries.  At  Hughes 
rton,  some  400  acres  are  devoted  to 
ial  field  test  ranges  for  electronics  sys- 
and  the  Munsen  course  for  full-scale 

ig  of  instrumented  vehicles  under  the 
rugged  conditions.  The  Environmental 
ratory  has  one  of  the  nation's  largest requency  and  shock  facilities. 

i  service  and  support  experience  — 
les  large  force  of  experts  is  permanently 
ned  in  NATO,  SEATO  and  the  free  coun- 
of  the  world  to  insure  that  every  Hughes 
le  and  electronics  system  will  deliver  what 
uld.  Hughes  engineers  work  with  the  U.  S. 
orce  on  the  MA-1/Falcon  system,  with  the 
Navy  on  the  Polaris,  with  the  U.  S.  Army  on 
pje  Monitor."  A  Hughes  team  is  managing Titan  site  activation  (photo)  at  Mountain 

Idaho. 

Guidance  experience— A  Polaris  missile  guidance 
unit  undergoing  check-out.  Other  Hughes  work  in 
the  area  includes:  Polaris  Submarine  Fire  Control 
Systems,  special  ARPAT  studies,  airborne  tactical 
attack  systems,  inertial  platforms  and  components, 
stellar  tracking  systems  and  digital  computers. 



advanced  materials 

Process  Extrudes  Smooth  Beryllium 

BERYLLIUM  IS  BEING  extruded 
in  U-shaped  channels  up  to  39  ft.  in 
length  by  the  Northrop  Corp.,  with  the 
technical  assistance  of  Nuclear  Metals 
Inc. 

The  breakthrough  in  beryllium  fab- 
rication technology  may  lead  to  use  of 

the  lightweight  metal  in  stiffening  mem- 
bers for  space  structures — the  long 

lengths  would  eliminate  joints  in  an 
area  where  weight  and  space  are  at  a 
premium. 

The  development  stemmed  from  a 
technique  perfected  by  Nuclear  Metals 
during  the  extrusion  of  finned  tubes  for 
the  Atomic  Energy  Commission.  The 
firm  used  a  series  of  copper  and  steel 
metallic  lubricants  around  the  billet. 

•  Optimized  dies — Beryllium  has  a 
tendency  to  weld  itself  to  die  materials 
in  extrusion  presses.  Since  the  metal 
is  also  very  brittle,  cracking  and  rattle- 
snaking  posed  problems.  And  exces- 

sive pressure  rises  during  forming  com- 
plicated the  procedure. 

In  the  composite  lubricant  method, 
the  metallic  lubricants  are  applied  over 
the  entire  surface  of  the  beryllium  bil- 

let. Because  a  smooth,  streamlined  flow 
through  the  press  is  necessary,  die  con- 

figurations also  had  to  be  optimized. 
A  series  of  experiments  resulted  in 

a  die  that  equally  distributed  the  flow 
of  beryllium  through  the  die  aperture. 
At  a  controlled  temperature  of  1725°F, 
six  full-length  billets  17  in.  long  and  3 

in.  wide  were 
pushed  through  the 
Nuclear  Metals 

press. Six  24-ft.  extru- sions, with  surfaces 
as  smooth  as  alu- 

minum extrusions, 
and  entirely  with- 

out cracks,  result- 
ed. There  was  some 

small  tearing  on 
two  extrusions. 

Dimensional 
variations  were  mi- 

nor —  both  before 
and  after  the  re- 

moval of  the  cop- 
per and  steel  lubri- 

cants. Inspection 
data  showed  a  var- 

iation in  thickness 
from  front  to  back 
of  0.001  in.  over 
the  full  length. 

The  most  exten- 
sive   variation  of 

thickness  that  ap- 
peared on  any  of  the  extrusions  was 

0.005  in. — indicating  the  practicability 
of  designing  to  tolerances  of  0.003  in. 

There  was  a  considerable  spread  in 
mechanical  properties,  not  only  in 
elongation  but  also  in  ultimate  and 
yield  strengths.  As  the  tensile  and  yield 
values  elevated,  ductility  went  up  too. 

This  suggested  that  further  refine- 
ment would  produce  both  high  strength 

SMOOTH  FINISH 
extrusion  achieved 

is  obvious  on  this  24-ft.,  8-lb.  beryllium 
with  composite  metallic  lubrication. 

and  ductile  material. 
After  this  initial  success,  Northrop 

and  Nuclear  Metals  refined  the  channel- 
shaped  extrusion  down  from  0.125  to 
0.06  in.  in  thickness  and  extended  the 
length  to  39  ft. 

The  development  grew  out  of  a 
three-year  Air  Force  program  in  which 
Northrop  is  the  prime  and  Nuclear 
Metals  a  major  subcontractor.  8 

SPECIMEN  LOCATION 

YIELD 
ULTIMATE ELONG. 

SPECIMEN STRENGTH STRENGTH IN  1  IN. REMARKS 

NUMBER (k«l) (ksi) 

1 55.3 95.0 4.0 ANNEALED  1  HOUR,  750°C 
2 

52.9 
100.7 8.5 ANNEALED  1  HOUR,  750°C 

3 55.1 101.6 

6.0 
ANNEALED  1  HOUR,  750°C 

4 64.8 
81.3 

3.0 

AS  EXTRUDED 

5 57.4 
84.3 

3.0 AS  EXTRUDED 

6 
59.9 62.6 

0.33 AS  EXTRUDED 

24 
Tensile  Strength  of  Composite-Lubricant-Extruded  Beryllium 
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SCIENTISTS  AND  ENGINEERS: 

Follow-On  Atlas  Programs  Mean  New,  Long-Range  Opportunities. 
Now  operational,  the  Atlas  weapon  system  stands  as  a 
unique  symbol  of  scientific,  engineering  and  military  achieve- 

ment. The  design,  development  and  testing  of  this  reliable 
missile  were  undertakings  of  immense  complexity. 
Scientists  and  engineers  at  General  Dynamics  J  Astronautics 
worked  constantly  at  the  most  advanced  state  of  the  various 
arts  involved.  Boldly,  they  introduced  and  proved  entirely 
new  concepts  of  rocketry,  and  in  record  time  they  developed 
the  Atlas. 
The  same  depth  of  imagination  and  technical  daring  is  now 
at  work  modifying  and  adapting  this  sophisticated  machine 
for  use  as  a  launch  vehicle  for  more  than  100  space  projects 
during  the  1960's.  Some  of  the  exciting  programs  in  which 
Atlas  engineers  and  scientists  will  play  important  roles  are 
Centaur,  Mercury,  Arents,  Rover,  Surveyor.  Ranger,  Midas, 
Mariner,  Orbiting  Geophysical  Observatory  and  Orbiting 
Astronomical  Observatory. 
These  programs  reach  far  into  the  future  and  require  the 
skills  of  highly  resourceful  engineers  and  scientists  in  many 
technical  disciplines. 

GENERAL  DYNAMK 

Atlas  is  the  free  world's  first  intercontinental  ballistic  mis- 
sile; the  first  missile  to  travel  more  than  9,000  miles  across 

the  earth's  surface;  the  only  one  to  lift  itself  into  orbit.  Atlas 
marked  the  first  use  of  swivel  engines  for  directional  control 
and  it  was  the  first  to  use  airframe  skin  as  fuel  cells. 

Many  more  "firsts"  lie  ahead  for  this  reliable  rocket.  If  you 
are  the  sort  of  inventive  engineer  or  scientist  who  can  con- 

tribute ideas  and  solutions  to  the  problems  surrounding  the 
mastery  of  space,  you  and  General  Dynamics  !  Astronautics 
have  a  common  interest. 

You'll  find  most  of  the  details  on  this  and  the  following  page, 
plus  a  convenient  inquiry  card.  If  the  card  has  been  removed, 
or  if  you  wish  to  furnish  or  request  more  detailed  informa- 

tion, write  to  Mr.  R.  M.  Smith,  Industrial  Relations  Admin- 
istrator-Engineering, Dept.  130-90,  General  Dynamics  \ 

Astronautics,  5717  Kearny  Villa  Road,  San  Diego  12, 
California. 

G II II  ID 
iTRONAUTICS 



ENGINEERS  AND  SCIENTISTS 

General  Dynamics  \  Astronautics  is  located  in  San 
Diego,  California,  one  of  the  fastest  growing  com- 

munities in  the  United  States.  It  is  situated  10  miles 
north  of  the  Mexican  border  and  a  little  over  100 
miles  south  of  Los  Angeles. 

Immediate  openings  exist  in  the  following  areas: 
SCIENTISTS  &  ANALYTICAL  ENGINEERS:  PhD  or 
ScD  for  electronics  and  physical  research;  computer 
analysis  and  application;  and  instrumentation  devel- 
opment. 
ELECTRONIC  DESIGN  &  TEST:  Communication  sys- 

tems and  data  transmission  design;  logical  circuitry; 
automatic  control  systems;  and  electronic  packaging. 
BSEE  plus  appropriate  experience  required. 
MECHANICAL  DESIGN:  BSME  or  AE  for  pneu- 

matics, hydraulics,  and  fluid  systems  design  and  test. 
Also  missile  GSE  and  missile  structures  designers. 
RELIABILITY  ENGINEERING:  Openings  exist  for  ex- 

perienced engineers  with  applied  higher  mathematics 
aducation,  preferably  in  statistics;  higher  degrees  pre- 

ferred. Circuit  analysis  with  transistor  and  diode  expe- rience is  also  desirable. 

PERSONNEL  SYSTEMS  (MAN/MACHINE  ANALY- 
SIS): Specialists  capable  of  evaluating  the  personnel 

function  from  a  systems  standpoint.  Requires  analyti- 
cal approach  to  applying  manpower  to  an  existing 

system  at  the  customer  level.  Broad  technical  systems 
background,  with  emphasis  on  human  relations  is 
essential.  Assignments  involve  analysis  of  manpower 
requirements  and  applications  for  a  weapon  system, 
including  equipment,  procedures,  time  studies,  logis- 

tics and  training.  Degree  required,  preferably  in  indus- 

trial engineering,  business  administration  or  industrial 
psychology. 
ENGINEERING  WRITERS  with  2  years  of  college  and 

1  to  3  years  of  experience  in  preparation  of  TCTO's; operations,  maintenance,  and  overhaul  manuals. 
BASE  ACTIVATION:  Design  or  liaison  engineers  with 
BE  in  ME  or  EE  and  experience  in  electrical  or 
mechanical  systems  are  required  for  liaison  work  at 
missile  launching  complexes,  or  design  support  work 
on  launch  control  equipment,  propulsion  systems, 
automatic  programming  and  missile  checkout  equip- 

ment operations.  Assignments  are  at  Lincoln,  Ne- 
braska; Altus,  Oklahoma;  Abilene,  Texas;  and  Ros- 

well.  New  Mexico. 
FIELD  TEST  ENGINEERS:  Electrical  engineers  for 
test  and  validation  of  complex  power  electrical  sys- 

tems using  standard  commercial  equipment.  Trouble 
shooting  and  checkout  of  ground  electrical  equipment 
including  lighting,  systems  through  missile-borne 
power  distribution,  fire  alarm  instrumentation  and 
control.  Must  be  thoroughly  familiar  with  motor  gen- 

erators, motor  control  centers,  AC  and  DC  power 
and  control  circuits.  Openings  at  Vandenburg  and 
Edwards  AFB,  Calif.;  Cape  Canaveral,  Fla. 
If  you  desire  to  become  part  of  this  great  team,  we 
urge  your  prompt  inquiry  on  the  attached  Professional Placement  Inquiry. 

Technical  openings  also  exist  in  other  specialties. 
Write  Mr.  R.  M.  Smith,  Industrial  Relations  Adminis- 

trator-Engineering, Dept.  130-90,  General  Dynamics  \ 
Astronautics,  5717  Kearny  Villa  Road,  San  Diego  12, 
California. AN    EQUAL  OPPORTUNITY  EMPLOYER 

GENERAL  DYNAMIC! 
G  II II  ID 

ASTRONAUTICS 



This  man  gets  paid  for  dreaming.  He  seeks  out  new  questions  to  ask,  new  goals  to  aim  at.  His  insights  shape  the 

course  of  tomorrow's  technology. 
Do  you,  too,  look  beyond  tomorrow?  Then  come  to  Northrop.  Work  in  such  uncluttered  areas  as  space  guidance  and 

astro-inertial  navigation  systems,  aerospace  deceleration  and  landing  systems,  man-machine  and  life-support  systems 
for  space,  laminar  flow  control  techniques,  automatic  test  equipment  or  world-wide  communications  systems.  Or  come 

and  set  your  own  goals  where  the  challenge  is  greatest.  You'll  find  more  than  70  advanced  projects  already  on  the 
boards,  and  all  the  creative  freedom  you  could  ask  for. 

Write  to  Northrop  Corporation,  P.O.  Box  1525,  Beverly  Hills,  California, 
and  mention  your  area  of  special  interest.  You  will  receive  a  prompt  reply.  an  equal  opportunity  employer 

NORTHROP 



space  navigation 

System  Urged  as  Guide  for  Re-entry 

AIL's  relatively  simple 

'Spacescan'  would  be  mated 

with  'Flarescan1  aircraft 

landing  mode  for  recovery 

by  Michael  Getler 

AN  INFORMAL  proposal  is  now 
before  the  Air  Force  to  couple  a  new 

space  navigation  network  with  a  "below 
minimums"  aircraft  landing  system  for 
the  recovery  of  manned  spacecraft. 

The  navigation  system,  moreover,  is 
being  advanced  as  a  means  of  helping 
develop  orbital  rendezvous  techniques. 

Author  of  the  proposal  is  Cutler- 
Hammer's  Airborne  Instruments  Lab- 

oratory, Melville,  L.I.,  N.Y.,  which  says 
its  new  Spacescan  navigation  aid  is  simi- 

lar in  concept  to  the  widely-used  VOR 
aircraft  orientation  method. 

The  AIL  system  is  intended  to  sup- 
ply re-entry  to  recovery-area  guidance 

to  astronauts,  by  means  of  a  continuing 
display  of  three-point  spatial  fixes  ob- 

tained from  scanning  beams  radiated 

from  a  series  of  ground  or  ship  stations. 
AIL  maintains  that  Spacescan  will 

also  determine  distance-to-go  to  the  re- 
covery area,  trajectory  alignment,  and 

vehicle  position  relative  to  the  re-entry 
corridor. 

The  system  is  relatively  simple,  em- 
ploying only  a  superheterodyne  Ku- 

band  receiver  and  pulse-data  processing 
circuits  in  the  vehicle,  and  two  mutually 
perpendicular  horizon-to-horizon  scan- 

ners at  each  ground  location.  There  is 
no  need  for  tracking  radars  or  signal 
correlation  between  ground  stations. 

Each  Spacescan  ground  station  pro- 
vides two  planes  of  position,  one  across 

the  vehicle's  trajectory  and  the  other 
along  the  flight  path.  Both  beams  are 
modulated  with  elevation  angle  data. 
The  third  plane  and  resultant  position 
fix  is  obtained  by  correlating  a  third 
scan  originating  from  another  station 
within  line-of-sight  range  of  the  first 
site. 

•  3000-mile  path — AIL  officials  en- 
vision a  network  of  12  ground  stations 

spaced  about  250  miles  apart  as  ade- 
quate for  providing  complete  coverage 

for  a  3000-mile  re-entry  path. 
Each  antenna  structure  at  the 

ground  sites  consists  of  six  antenna 
apertures — three  radiating  elevation  an- 

gle data  and  three  modulated  with  sta- 
tion, sector  identity,  and  line-of-scan  in- 

formation. Each  beam  is  energized  by 
0.35-microsecond  pulses  at  16,000  kmc. 
Peak  transmitter  power  is  200  kw. 
Three  apertures  are  energized  at  a  time, 
radiating  flat  (0.5  deg.)  and  wide  (170 
deg.)  beams,  separated  by  60  deg.  in 
elevation  angle.  Three  beam  scans  per 
second  are  broadcast  to  the  vehicle  re- 
ceiver. 

The  Ku-band  was  selected  primarily 
for  its  facility  in  avoiding  black-out  ef- 

fects of  ion  sheath  attenuation  during 
early  stages  of  atmospheric  re-entry. 

A  receiver  aboard  the  spacecraft  de- 
codes the  elevation  angle  contents  of 

each  beam  as  it  passes  through  the  ve- 
hicle and  feeds  the  output  to  a  corn- 
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RADIATION  FROM  BEAM- SCAN  TRANSMITTER  SITES 

RECEIVER 

IDENTITY  AND 
ANGLE-DATA 
DECODERS 

THREE ANGLE 

TRACKERS 

AUTOMATIC 
CALIBRATION 

LATITUDE 

LONGITUDE 
ALTITUDE 

VELOCITY 
PATH  ANGLE 
(GAMMA) 

3 

EARTH 
COORDINATE COMPUTER 

OUTPUTS 

DISPLAYS 

GUIDANCE 
CORRELATION 
OR  BACKUP 

Functional  Block  Diagram  of  Spacescan  Vehicle  Receiver 

puter,  also  aboard  the  craft,  for  deter- 
mination of  the  vehicle's  position  in  rec- 
tangular coordinates  relative  to  the 

center  of  the  earth.  The  computer  also 
compiles  information  on  altitude  and 
rate  of  change,  velocity,  and  the  ratio 
of  altitude  change  rate  to  velocity. 

•  Final  approach — Theoretically,  a 
glide-type  vehicle  would  enter  the  "win- 

dow" of  the  final  landing  pattern  at 
about  100  miles  slant  range  and  an  esti- 

mated 10-15-mile  altitude.  A  modified 
version  of  the  company's  Flarescan 
landing  system  would  then  take  over 
with  final  down-to-the-deck  guidance. 

Flarescan,  which  is  aimed  at  extend- 
ing current  instrument  landing  system 

minimums  to  zero/zero,  is  now  under- 
going evaluation  by  the  FAA  and  is  re- 

portedly a  strong  contender  for  honors 
in  solving  this  major  airline  problem. 

The  final  landing  system  envisioned 
by  AIL  would  employ  three  scanners. 
The  first  would  assist  the  pilot  in  setting 
up  a  power-off  glide  of  between  12  and 
20  deg.  from  initial  entry  into  the  re- 

covery area  to  a  point  about  2  miles 
from  touchdown.  A  second  scanner 
would  then  set  up  a  much  more  shallow 
glide  angle,  between  Vi  and  1  deg., 
which  would  be  held  to  touchdown.  The 
third  scanner  would  be  employed 
throughout  the  run-in  for  lateral  correc- 
tion. 

A  combined  Spacescan/Flarescan 
network,  including  a  dozen  ground  sta- 

tions, would  cost  the  Air  Force  about 
$11.5  million,  according  to  AIL  esti- 

mates. Spacescan  alone  would  cost 
about  $10  million. 

•  Try  for  Apollo — -The  Spacescan 
system  was  originally  developed  for  pos- 

sible employment  by  NASA  in  the 
Apollo  program  as  either  a  back-up  or 
alternate  guidance  system.  However,  the 
early  decision  to  go  with  an  MIT  iner- 
tial  guidance  and  control  package,  and 
the  operational  Mercury  tracking  net 
erased  the  need  for  additional  Space- 
scan  expense.  Original  cost  estimates  for 
Spacescan  in  Apollo  ran  to  $20  million. 

AIL,  in  marketing  its  system,  is  em- 
phasizing its  background  in  developing 

rapid-scan  antennas  and  accurate  angu- 
lar measurement  receivers  for  aircraft 

landing  systems. 
Officials  also  point  out  the  following 

specific  advantages: 
—Direct  and  immediate  on-board 

measurement  of  guidance  data  via  a 
one-way  propagation  path. 

—Continuing  hemispherical  radio 
broadcast  coverage  throughout  the  re- 

entry pattern,  eliminating  the  need  for 
search  and  lock  operations. 

—Independence  of  ground  operation 
with  no  requirement  for  transmitting 
tracking  data  or  correlating  data  be- 

tween sites. 

—Mobility  of  electronics  gear;  two 
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complete  K-band  scanners  can  be 
moved  aboard  a  single  C-124  type  trans- 

port. This  could  also  be  significant  in 
rapid  establishment  of  new  ground  sites 
to  meet  situations  in  which  re-entry  tra- 

jectory differs  from  the  planned  ap- 

proach. —Navigation  service  provided  to 
any  number  of  manned  spacecraft  which 

contain  compatible  receiver  equipment. 
With  respect  to  possible  rendezvous 

applications  for  vehicles  in  200-300 
mile  orbits,  overall  systems  angular  ac- 

curacy is  reported  to  be  on  the  order  of 
0.25  milliradian,  or  roughly  equivalent 
to  within  .1  mile  at  a  range  of  400 
miles  from  the  most  distant  station  be- 
ing received.  8 
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WATER  LANDING  behavior  at  high  not  greutly  changed  through  use  of  differ-  vehicle  moael  hits  the  water  at  a  speed 
speeds  in  a  primarily  horizontal  velocity  is     ent  bottom  shapes.    Here  a  flat-bottom     of  130  fps.    The  landing  simulates  ap- 

space  support 

Varied  Landing  Systems  for  Re-entr 

Dynamic  models  feasible 

for  setting  parameters  of 

design;  problems  seen 

high-speed  landings 

in 

ALL-SKID  gear  model  with  strain  straps 
landed  at  185  fps.  Directional  stability 
with  this  gear  is  reported  good. 

DYNAMIC  MODELS  are  provid- 
ing NASA  scientists  with  comparative 

data  for  a  number  of  landing-energy- 
dissipation  systems  for  manned  re- 

entry vehicles. 
Investigators  at  the  Langley  Re- 

search Center  have  been  dropping  and 
skipping  various  vehicle  configurations 
into  and  over  water,  sand  and  concrete 
in  an  effort  to  understand  the  charac- 

teristics of  such  unconventional  touch- 
downs. Three  velocity  regimes  were 

studied  —  primarily  vertical,  moderate 
vertical  and  horizontal,  and  primarily 
horizontal. 

L.  J.  Fisher,  Jr.,  reports  in  a  NASA 
Technical  Note  that  there  are  several 
ways  of  dealing  with  the  vertical  energy 
dissipation.  Some  systems  are  more  ef- 

ficient, others  package  better;  a  variety 
of  promising  systems  are  under  active 
investigation. 

•  Fragmented  landings — In  the  case 
of  vertical  descent,  the  tests  excluded 
side  forces  for  comparison  purposes. 
Energy  dissipators  studied  included 
braking  rockets,  gas-filled  bags,  frang- 

ible metal  tubing,  aluminum  honey- 
comb and  balsa  wood. 

All  of  these  systems  are  familiar 
ones,  with  the  possible  exception  of  the 
frangible  metal  tubes.  This  is  a  tech- 

nique for  working  metal  to  its  ultimate 
strength  and  through  a  large  percent  of 
its  length. 

An  example  would  be  a  hard  alu- 
minum-alloy tube  attached  to  a  vehicle 

and  a  die  fastened  to  a  landing  skid  or 
foot.  The  tube  presses  over  the  die 
during  impact  and  fails  in  fragments. 

Because  of  structural  considerations, 
the  gas  bags,  frangible  tubes,  honey- 

comb and  balsa  wood  systems  are  most 
suitable   at  contact  velocities  of  the 

order  of  20  to  40 

fps.  Higher  speeds 
were  not  used  be- 

cause of  suspected 
buckling  failure. The  braking 

rocket  is  more  suit- 
able  at  longer 
strokes  and  higher 
speeds.  There  is  a 

large  weight  differ- ence among  the 
several  systems: 
the  tube,  honey- 

comb and  wood 
systems  are  lightest 
at  lower  speeds  but 
not  suitable  at 
higher  speeds. 
Some    of  these 
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proach  conditions  with  a  small,  highly  this  model  is  much  the  same  as  that  of  a  craft  is  susceptible  to  higher  peak  ac- 
loaded  paraglider.    While  the  behavior  of     curved-bottom    vehicle,     the    flat-bottom  celerations. 

/ehicles  Under  Study  at  Langley 

lighter  methods  are  bulky;  others,  such 
as  the  gasbags,  caa  be  compactly  pack- 
aged. 

Water  landings  are  very  effective  in 
dissipating  the  energy  of  vertical  let- 

down systems.  In  all  of  the  systems 
considered,  parachutes  were  used  to  de- 

crease the  velocity  to  the  regime  fa- 
vored by  the  particular  landing  means. 

Models  of  several  re-entry  vehicles 
have  been  used  in  investigating  the 
problems  associated  with  moderate  ver- 

tical and  moderate  horizontal  velocities. 
This  occurs  during  a  parachute  letdown 
in  wind  conditions  or  with  the  landing 
of  large  area  paragliders. 

Vertical  force  can  be  dissipated  in 
much  the  same  way  as  previously  dis- 

cussed. A  landing  skid  or  some  similar 
device  is  required  for  horizontal  trans- 

lation, and  the  force  must  be  dissipated 
by  friction. 

Skid  shapes  investigated  by  Fisher 
and  his  colleagues  include  vehicles  with 
a  flat  bottom  or  skid  with  a  turned-up 
bow,  a  spheroidal  skid  and  a  longitudi- 

nal skid. 
Landings  were  made  on  a  smooth 

hard  surface,  on  sand  and  water.  The 
sand  was  not  meant  to  represent  any 
particular  full-scale  terrain,  but  rather 
to  simulate  a  landing  surface  with  pen- 

etration characteristics  between  those 
of  the  hard  surface  and  water. 

•  Glide  descent — The  third  cate- 
gory, covering  high  horizontal  speed  as 

obtained  with  winged  or  lifting  bodies, 
is  primarily  a  condition  of  long  runout. 
This  behavior,  Fisher  reports,  is  the 
most  critical  problem. 

Special  methods  of  load  alleviation 
which  are  adaptable  to  the  heat  require- 
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ment  of  space  vehicles  and  offer  weight 
savings  over  conventional  landing  gear 
have  been  investigated. 

Hard-surface  landings  with  all  skid- 
landing  gear  using  strain-strap  shock 
absorbers  have  good  directional  stabil- 

ity at  speeds  up  to  185  fps.  Water  land- 
ings with  a  lenticular-shaped  lifting 

body  at  150  fps  presented  greater  prob- 
lems than  with  hard  surface  landings. 

The  model  frequently  made  second  and 
third  contact  in  an  uncontrolled  condi- 

tion. Skipping  was  appreciably  reduced 
when  the  landing  speed  was  cut  in  half. 

FRANGIBLE-TUBE  SYSTEM 

DIE-s  [' 

TURNOVER  CHARACTERISTICS  FOR L-2C  CONFIGURATION 
HARD-SURFACE  RUNWAY;  V.,- 10  FPS 

-60      -40      -20  0 
LANDING  ATTITUDE,  DEG 

On  a  full-scale  vehicle,  the  speed 
reduction  might  be  effected  by  drogue 
chutes  or  braking  rockets  if  adequate 
control  could  be  obtained. 

The  water-landing  behavior  at  high 
speeds  of  manned  re-entry  bodies  is  not 
greatly  changed  by  using  a  different bottom  shape. 

The  all-skid  winged  vehicle  gear 
uses  a  strain-trap  with  the  skids.  The 
strap  is  a  replacable  element  which 
fails  by  plastic  yielding,  while  the  skids 
move  aft  and  up.  There  is  no  bounce 
with  such  gear. 

Fisher  says  questions  have  been 
raised  concerning  the  runout  stability 
of  such  gear.  It  has  been  found  that  a 
properly  designed  skid  is  directionally 
stable. 

In  general,  runout  stability  was  sat- 
isfactory for  landings  at  angles  of  roll 

and  yaw  up  to  10° — the  maximum  in- vestigated. The  friction  coefficient  for 
the  nose  skid  was  0.25,  and  for  the  main 
unit,  0.5.  This  difference  in  friction 
force  between  the  front  and  rear  skids 
is  a  major  factor  in  the  stability  of  the 

gear. 

Fisher  generalizes  the  problems  by 
pointing  to  the  ease  of  dealing  with 
horizontal  velocity  —  translational  fric- 

tion is  all  that  is  involved  but  runout 
behavior  becomes  a  factor.  Vertical 
velocity  can  also  be  a  big  factor  when 
high  flight-path  angles  are  associated 
with  even  moderate  horizontal  veloci- 

ties. High-speed  landings  are  partic- 
ularly difficult,  especially  in  water.  In- 

dications are  that  if  large  horizontal 
velocities  are  involved  in  hard-surface 
landings,  a  selected  site  will  be  re- 

quired. 
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electronics 

TR-48  Has  High  Mobility,  Capacity 

PACE  TR-48  all-transistor  analog  computer  provides  up  to  48  amplifiers,  operates  on 
115-v,  and  is  compact  enough  to  permit  mobile  use. 

by  Charles  D.  LaFond 

A  COMPACT  but  still  large-capac- 
ity analog  computer  is  now  being  mar- 

keted for  laboratory  computations  and 
simulations. 

Providing  up  to  48  amplifiers,  the 
new  transistorized  system  operates  on 
standard  wall-outlets  (110-120  volts) 
and  draws  only  150  watts. 

Developed  by  Electronic  Associates, 
Inc.,  of  Long  Branch,  N.J.,  the  PACE 
TR-48  occupies  roughly  13  cu.  ft.  of 
space.  Comparable  conventional  sys- 

tems, designers  claim,  would  require 
more  than  six  electronic  equipment 
racks,  air  conditioning,  and  about 
10,000  watts  power  for  normal  opera- 
tion. 

The  TR-48,  EAI  engineers  report, 
is  stable  within  a  ±10%  input  voltage 
variation.  In  addition,  they  believe,  the 
low  power  and  system  design  make  the 
unit  idiot-proof  against  internal  damage 
due  to  improper  wiring  of  the  plug 
boards.  A  visual  display  indicates  and 
identifies  amplifier  overload. 

•  Happy  medium  —  Demonstrated 
for  the  first  time  at  the  Eastern  Joint 
Computer  Conference  in  Washington, 
D.C.,  last  month,  a  complete  mobile 
facility  will  consist  of  a  Tollable  desk  or 
cart  with  built-in  oscilloscope,  plotter, 
and  the  TR-48. 

The  real  significance  of  the  new 
system,  developers  feel,  is  that  it  is  large 
enough  to  solve  a  wide  range  of  engi- 

neering and  scientific  problems,  yet 
small  enough  to  be  moved  at  will  and 
located  in  the  laboratory  where  the 
studies  are  being  performed. 

TR-48  is  a  compact  275-lb.  unit 
housed  in  a  single  47x20x25-in.-high 
cabinet.  All  controls,  indicators  and 
plug  board  are  located  in  three  distinct 
front  locations. 

On  the  left  are  the  electronic  digital 
voltmeter,  a  multi-range  voltmeter, 
push-button  mode  control,  push-button 
controls  and  readout  for  all  amplifiers, 
potentiometers  and  input  trunks.  Behind 
the  control  panel  are  the  EDVM  read- 

out chassis  and  a  pre-patch  panel  mo- 
tor, as  well  as  access  for  the  dual  func- 
tion generator  (DFG)  trays. 

The  EDVM  provides  4-digit-pIus- 
polarity  voltage  readout.  It  is  used  to 
obtain  rapid  digital  readout  of  problem 
voltages  and  to  set  coefficient  poten- 
tiometers. 

The  center  section  is  fronted  by  the 
removable  patch  board.  Behind  the 
board  are  all  the  modular  plug-in  com- 

puter components. 
On  the  right  are  60  potentiometers 

and  function  switches,  fuses,  reference 
regulators  and  reference  amplifiers, 
power  supplies  and  a  repetitive  opera- tion drive  unit. 

•  Patch  work  —  The  24  high-gain 
dual  amplifiers  are  terminated  at  the 
patch  panel  and  are  interchangable. 
Computing  networks  that  consist  of  in- 

put and  feedback  resistors  are  matched 
to  0.01%  accuracy. 

Twelve  functional  areas  comprise 
the  patch  panel.  All  similar,  they  ter- 

minate the  operational  amplifiers,  in- 
tegrator networks,  and  function  genera- 

tors. 
Interchangeable  non-linear  compo- 

nents can  be  installed  in  any  non-linear 
position  and  in  most  integrator  network 
positions,  EAI  says. 

Operational  amplifiers  are  termi- 
nated with  precision  resistor  networks: 

one  100K  feedback  resistor,  two  gain- 
of-one  inputs,  and  two  gain-of-ten  in- 

puts. Summing  junction  terminations 
are  employed  for  additional  inputs. 

Individual  integrator  mode  control, 
with  bottle-plug  patching  from  the  main 
panel,  permits  their  use  as  storage  units 
for  iterative-type  calculation.  Feedback 
capacitors  in  each  integrator  network 
permit  the  individual  selection  of  a  10:1 
integrator  time  scale — also  by  patching. 

For  flexibility,  up  to  23  other  com- 
ponents can   be   installed  — -  including 

multipliers,  integrators,  variable  DFG's, 
fixed-function  DFG's,  trunks,  function 
switches  and  comparators. 

AC  power,  remote  connections,  re- corder and  trunk  connections  are  all 
made  at  the  rear  of  the  computer. 

•  Fast  figuring — Repetitive  opera- 
tion to  real  time  is  about  500:1. 

The  high-speed  repetitive  operation 
permits  the  TR-48  to  operate  either  as 
a  real-time  or  repetitive-computing  de- 

vice. A  switch  permits  alternate  opera- 
tion with  instantaneous  change. 
The  capability  of  performing  se- 

quential or  iterative  calculations  — 
wherein  part  of  the  computer  is  oper- 

ating in  compressed  time  and  the  other 
in  real  time  or  slower  repetitive  speeds 
— is  ideal  for  solving  many  design  prob- 

lems. Calculations  involving  multi- 
dimensional flow  and  heat  transfer,  for 

example,  ordinarily  would  require  a 
computer  many  times  larger,  EAI  says. 

For  complex  problems  requiring  an 
expanded  capability,  two  or  more  TR- 
48's  could  be  slaved  readily.  Complete 
control  would  be  possible  from  just  one 
computer,  and  disconnection  is  possible 
at  any  time  for  simultaneous  problem 
solution  with  two  computers. 

Depending  on  the  basic  configura- 
tion (anywhere  from  20  to  48-amplifiers 

in  the  same  system  package)  cost  of  the 
TR-48  is  expected  to  range  from 
$20,000  to  $25,000.  For  comparison, 
the  company  has  offered  its  PACE  TR- 

IO, a  10-amplifier  system,  for  about 
$7000  and  its  100-amplifier  Model  231- 
R  for  $60,000  to  $70,000.  « 
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industry 

ASTROPOWER,  INC.  will  build  a 
major  center  for  advanced  aerospace 
engineering  and  research  projects. 

The  Orange  County,  Calif.,  complex 
ultimately  may  cover  50  acres  and  con- 

sist of  19  buildings  with  a  total  of 
500,000  sq.  ft.  of  floor  space. 

First  phase  will  be  construction  of 
at  32,000-sq.-ft.  building  for  engineer- 

ing and  laboratory  programs  and  an 
8000-sq.-ft.  structure  which  initially 
will  house  administrative  activities.  The 
engineering-research  facility  will  include 
a  22,000-sq.-ft.  concrete  structure 
housing  Astropower  Rocket  Systems 
and  Hydro  Systems  Div.,  a  reproduc- 

tion center  and  experimental  machine 
shop. 

Additional  facilities  will  be  built  as 
required  by  the  Douglas  Aircraft  Co. 
subsidiary. 

Astropower  has  also  formed  an 
Electronics  Products  Division  at  Costa 
Mesa,  Calif.,  for  research  and  develop- 

ment in  such  fields  as  intelligence 
transfer  systems,  sensors,  transducers 
and  oceanographic  instrumentation. 

NORTHROP  SPACE  LABORA- 
TORIES has  been  set  up  by  the  North- 

rop Corp.  in  a  move  to  expand  the 

company's  space  research  and  develop- ment work. 
The  activity  will  be  under  the  com- 

pany's senior  vice  president-technical, 
Richard  E.  Horner,  first  NASA  asso- 

ciate administrator.  Headquarters  will 
be  at  Hawthorne,  Calif.,  where  addi- 

tional facilities  are  planned. 
Company  President  Thomas  V. 

Jones  said  "We  are  preparing  to  move 
into  the  field  of  system  management 
on  major  space  programs.  .  .  .  We  are 
confident  this  new  mobilization  of  our 
capabilities  will  broaden  our  participa- 

tion in  the  nation's  space  programs." 

WYLE  LABORATORIES  is  build- 
ing a  testing  laboratory  adjacent  to 

NASA's  Marshall  Space  Flight  Center, Huntsville,  Ala. 
The  13,600-sq.-ft.  facility  will  house 

standards  and  calibration  laboratories 
and  facilities  for  functional  and  en- 

vironmental testing  of  rocket  vehicle 
components.  Included  will  be  high- 
force  vibration,  shock,  and  accelera- 

tion equipment  and  chambers  for  pro- 
viding various  conditions  of  tempera- 

ture, humidity,  altitude,  salt  spray  and 
other  environments. 

The  new  building  will  be  the  first 
unit  of  a  projected  80,000-sq.-ft.,  six- 
unit  complex. 

Portland,  Ore.,  to  develop  high-tem- 
perature materials  and  processes  per- 

taining to  space  exploration,  defense and  industry. 
The  lab  is  under  the  direction  of 

R.  H.  Thielmann,  former  chairman  of 
the  metallurgical  department  at  Stan- 

ford Research  Institute.  It  will  con- 
centrate its  research  activities  on  devel- 
opment of  new  and  improved  high- 

temperature  alloys  and  metallurgical 

processes. 
VITRO  CORP.  OF  AMERICA  and 

A.  O.  Smith  Corp.  have  merged,  giving 
Vitro  added  manufacturing  facilities  for 
its  research  and  development  opera- 
tions. 

Corporate  headquarters  for  Vitro- 
Smith  Corp.  will  be  in  New  York. 
President  is  Norman  Spector,  Vitro 
vice  president.  The  new  company  is 
expected  to  concentrate  on  space,  nu- 

clear, cryogenic  and  other  advanced 
technical  projects  for  the  government. 

In  the  defense  field,  A.  O.  Smith 
has  been  producing  nuclear  compo- 

nents and  missile  chambers  for  the  De- 
partment of  Defense.  It  also  builds 

high-pressure  air  accumulators,  air 
heaters,  coolers  and  other  equipment 
for  NASA. 

WARNECKE  ELECTRON  TUBES, 
INC.  has  been  formed  in  Chicago  to 
provide  research,  development  and 
manufacturing  facilities  for  high-power 
microwave  tubes  and  other  vacuum  de- 

vices for  military  and  commercial  mar- 
kets. It  will  be  jointly  owned  by  The 

Hallicrafters  Co.  and  Compagnie  Gen- 
erale  de  Telegraphie  Sans  Fil  (CSF)  of 
Paris.  The  company  will  break  ground 
in  February  for  a  plant. 

Financial  Reports 
COMPANY PERIOD INCOME EARNINGS 

1961 1960 1961 1960 
Bendix  Corp. Year,  Sept.  30 $752,800,000 $787,000,000 $23,968,664 $26,188,471 
Collins  Radio  Co. 3  Mo.,  Oct.  31 44,961,118 53,341,464 

201,627 
1,484,958 

Data  Control 

Systems,  Inc. Year,  Sept.  30 3,790,226 3,381,417 
162,336 

48,932 
Gulton  Industries 9  Mo.,  Nov.  30 17,242,000 9,319,000 

706,000 564,000 

Microwave  Asso- 
ciates, Inc. Year,  Sept.  30 10,709,500 8,691,500 

756,000 593,500 

Nytronics,  Inc. 4  Mo.,  Dec.  1 1,053,584 539,978 

Perkin-Elmer  Corp. 3  Mo.,  Oct.  31 5,742,000 5,391,000 
232,408 138,710 

Technical  Opera- 
tions, Inc. Year,  Sept.  30 5,095,500 4,285,000 

208,100 119,200 

Wayne  George  Corp. Year,  Sept.  30 1,528,613 1,001,206 
131,347 57,771 

Yardney  Electric Corp. 
6  Mo.,  Oct.  31 5,795,954 4,797,554 325,518 

281,131 

Lightweight  Fast-riser 
LATEST  in  Atlantic  Research  Corp.'s 
series  of  sounding  rockets  is  the  Metroc 
low-cost  solid-fueled  meteorological  rocket 
due  for  flight-testing  this  month. 

TEMCO  ELECTRONICS,  a  Divi- 
sion of  Temco  Electronics  and  Missiles 

Co.  is  the  new  name  of  the  electronic 
products  activities  of  Ling-Temco- 
Vought,  Inc.  Headquarters  are  at  Gar- 

land, Tex. 

LINDE  CO.,  Division  of  Union 
Carbide  Corp.,  formed  two  engineering 
development  labs  at  Tonawanda,  N.Y., 
to  conduct  technical  programs  for  the 
company's  Gas  Products  and  Cryogenic Products  Dept. 

SIERRA  METALS  CORP.,  a  sub- 
sidiary of  Martin  Marietta  Corp.,  will 

establish  a  Metals  Technology  Lab  near 
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Exploring  Saturn — Second  of  a  Series  .  .  . 

(Continued  from  page  17) 

bers  of  asteroids  plotted  against  their 
period  shows  conspicuous  gaps  where 
the  periods  are  simple  fractions  of  Jupi- 

ter's orbital  period. The  choice  of  stable  orbits  for  the 
space  probes  around  the  outer  planets 
should  be  made  with  this  factor  in  mind. 
An  improperly  chosen  orbit  will  require 
more  correction  maneuvers  and  use  up 
its  fuel  faster. 

•  Titan — The  sixth  moon  of  Saturn, 
Titan,  would  be  a  respectable  planet 
if  it  had  an  orbit  of  its  own,  as  it  is 
larger  than  Mercury.  It  is  massive 
enough,  in  fact,  to  have  a  substantial 
methane  atmosphere. 

There  are  other  interesting  proper- 
ties, such  as  its  orange  color — unlike 

any  of  the  other  moons  of  Saturn  or  any 
of  the  planets  with  methane  atmos- 

pheres. The  color  is  presumed  to  be 
due  to  the  action  of  the  atmosphere  on 
the  surface,  just  as  oxidation  is  assumed 
to  be  the  cause  of  the  reddish  color 
of  Mars. 

It  has  been  proposed  that  Titan  be 
used  as  a  refueling  base  for  the  ex- 

ploration of  the  outer  planets.  Its  low 
gravity  and  methane  atmosphere  would 
permit  atmospheric  drag  landings  and 
the  low  escape  velocity  would  allow  a 
considerable  amount  of  fuel  to  be  lifted. 

•  Methane  as  a  fuel  —  Methane 
(CH4)  is  a  good  rocket  fuel,  and  its 
availability  on  a  body  with  a  low  escape 
velocity  is  quite  fortuitous.  In  a  chem- 

ical rocket,  the  performance  of  methane 
is  midway  between  present-day  fuels 
and  liquid  hydrogen.  In  combination 
with  oxygen  its  specific  impulse  is  263 
sec.  Because  its  boiling  point  is  50°C 
below  that  of  ozone,  yet  still  above  the 

Saturn  and  Its  Major  Moon 
SATURN TITAN 

Orbital  Radius (km) 
1.43  x  109 

1.2  x  106 Period (days) 10759 16 

Rotation (days) .42 16 

Radius (km) 60,000 2500 

Mass (kg) 

5.7  x  1026 
1.4  xlO23 Density 

(gm,  cm3) 
0.687 2.1 

Surface  Gravity 
(cm/ sec2) 

1120 146 

Escape  Velocity (km/sec) 
37 

3  -f  8.5 

Orbital  Velocity (km/sec) 26 2 

ozone  freezing  point,  methane  is  partic- 
ularly useful  in  combination  with  ozone. 

Since  there  is  no  known  ozone  or 
oxygen  on  Titan,  its  use  as  a  refueling 
base  for  chemical  rockets  is  of  doubtful 
value  since  it  would  be  necessary  to 
carry  the  oxidizer  half  of  the  combina- 
tion. 

Considerable  thought,  however, 
should  be  given  to  the  use  of  Titan 
methane  in  nuclear  rockets.  It  would 
not  be  as  good  as  pure  hydrogen,  be- 

cause the  rocket  would  have  to  cope 
with  the  heavy  carbon  atom  along  the 
four  hydrogen  atoms,  but  it  is  free  and 
available  provided  you  don't  mind  con- taminants such  as  ammonia. 

The  design  and  development  of  a 
large  nuclear  rocket  engine  capable  of 
efficient,  long-duration  operation  using 
impure  methane  could  be  the  key  to  the 
commercial  utilization  of  the  solar  sys- 
tem. 

One  thousand  tons  of  Titan  methane 
in  orbit  around  the  earth  may  well  be 
cheaper  than  an  equivalent  amount  of 
Texas  methane.  (Although  delivery 
dates  are  longer.) 

•  The  trip  to  Saturn  —  Although 
minimum  energy  interplanetary  orbits, 
needing  only  the  attainment  of  escape 
velocity  from  earth,  could  conceivably 
be  used  for  journeys  through  the  solar 
system,  they  require  almost  prohibitively 
long  transit  times.  For  Jupiter  alone, 
a  round  trip  would  take  six  years;  for 
the  planets  beyond  Saturn,  the  times 
become  comparable  to  a  human  life- 
time. 

We  must  adjust  to  the  fact  that  we 
cannot  "coast"  to  the  outer  planets,  we 
will  have  to  "drive"  there,  applying 

power  all  the  way. 
  If    we    build  the 

power  sources  — and  especially  if 
refueling  is  pos- 

sible —  then  direct 
routes  at  high 
speeds  become 
more  practical. 

•  Powerplants 
— The  key  to  the 
exploration  of  the 
solar  system  is  the 
development  of 
very  large,  light- 

weight power 
sources.  The  actual 
method  of  apply- 

ing the  power  to 
the  reaction  mass, 
whether   it    is  an 

ion  drive  or  direct  nuclear  rocket  is  of 
relatively  minor  importance. 

The  practical  minimum,  even  for 
unmanned  probes,  is  in  the  megawatt 
region.  And  for  manned  expeditions  to 
Saturn  and  beyond,  we  will  need  tens 
and  hundreds  of  megawatts  with  spe- 

cific powers  of  1  to  10  kw/kg  1  kw/ 
kg=l  Mw/Ton).  Fortunately,  the  great- 

er the  power  output,  the  larger  the 
specific  power. 

To  show  what  is  necessary  for  a 
trip  to  Saturn,  and  how  the  availability 
of  a  large  power  source  makes  a  con- 

siderable difference  in  the  transit  time, 
let  us  look  at  some  figures  from  a 
recent  aeronautical  journal.  Starting 
from  a  300-mile  orbit: 

Transit  Times  and  Payloads  to  Saturn 
Powerplant     Specific       Transit  Payload 
(Megawatts)    Power         Time  (lb.; (Mw/Ton) 
1  0.2 

10 Time 
(Days) 

730 
970 
250 
550 

12.500 
21,000 
4,000 

26,000 Larger  powerplants  will  cut  these 
transit  times  even  further. 

•  Solar  particle  radiation  —  Before 
space  travel  became  a  reality,  it  was 
thought  that  the  major  space  hazard 
would  be  meteors.  Many  methods  have 
been  proposed  to  avoid  this  practically 
non-existent  hazard;  they  range  from 

the  practical  "Whipple  Meteor  Bumper" through  the  unfeasible  meteor  radar 
(which  is  a  practical  impossibility  due 
to  the  slowness  of  the  speed  of  light) 
to  the  imaginary  invention  of  the 
science  fiction  writers,  the  "force  field 

meteor  screen." But  we  have  found  with  our  in- 
strumented space  probes  that  the  real 

danger  is  not  from  meteor  strikes, 
which  are  very  rare,  but  from  solar 
particles,  either  trapped  in  the  Van 
Allen  belts  or  shot  out  by  solar  flares. 
This  is  a  very  real  problem,  and  unless 
a  solution  is  found,  manned  flight  to 
any  of  the  planets  will  be  a  risky  busi- ness. 

The  astrophysicists  are  now  learning 
to  predict  the  flares,  but  it  is  doubtful 
that  they  can  predict  more  than  a  few 
days  ahead.  This  will  allow  them  to 
cancel  moon  flights  and  chart  flare  free 
periods  for  a  dash  to  the  moon,  but  the 
transit  times  needed  for  interplanetary 
travel  are  much  longer  and  it  would 
be  next  to  impossible  to  avoid  being 
radiated  by  a  solar  flare. 

The  solar  particles  are  high-energy 
protons  which  are  very  difficult  to  stop. 
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The  very  thick  lead  shielding  which 
would  be  required  for  this  is  out  of  the 
question  for  today's  rocket  technology. 

Even  though  the  protons  are  emit- 
ted from  the  sun,  one  cannot  use  a 

shadow  shield.  The  protons  seem  to  be 
mixed  up  with  a  magnetic  "bottle"  ex- 

tending out  from  the  sun.  Shortly  after 
the  leading  edge  of  the  flare  passes  by, 
it  is  found  that  the  high-energy  protons 
are  coming  from  all  directions. 

•  Force  fields  —  But  some  new 
scientific  developments,  coupled  with 
some  old  tricks  used  in  high-energy 
particle  research,  may  contain  the  solu- 
tion. 

Although  we  have  no  idea  how  we 
could  make  a  "force  field  meteor 
screen"  that  will  stop  uncharged  solid 
bodies,  we  do  know  how  to  construct 
a  force  field  that  will  ward  off  ionized 
solar  protons.  It  is  nothing  more  than 
a  magnetic  field. 

Magnetic  fields  are  used  by  atom 
smashers  to  deflect  ionized  particles  and 
the  earth's  magnetic  field  deflects  a 
large  portion  of  the  particles  sent  out 
by  the  sun.  A  magnetic  field  of  a  few 
thousand  gauss  will  turn  a  high-energy 
particle  completely  around  in  a  few 
meters. 

Until  recently,  it  was  not  possible 
to  maintain  high  magnetic  fields  with- 

out expending  a  considerable  amount 
of  power.  The  power  was  necessary  to 
take  care  of  the  resistive  losses  in  the 
electromagnetic  coils.  But  it  has  been 
found  that  magnetic  field  of  100,000 
gauss  can  be  created  using  a  special 
superconducting  Tin-Niobium  alloy. 

Since  superconductors  have  zero 
resistance,  it  does  not  require  power  to 
sustain  the  magnetic  field  once  it  is  set 
up.  Because  of  this  energy-conserving 
property  —  and  the  need  for  even 
stronger  magnetic  fields  in  nuclear 
physics — a  great  deal  of  work  is  being 
done  today  on  superconductors  and 
their  application. 

The  ultimate  goal  in  nuclear  physics 
is  to  obtain  many  hundreds  of  thou- 

sands of  gauss  over  large  bubble  cham- 
bers 8  or  more  feet  in  diameter.  If 

these  technical  problems  can  be  solved, 
then  it  is  not  too  much  further  to  the 
construction  of  a  magnetic  shield  for  a 
space  vehicle.  Keeping  the  superconduc- 

tor near  absolute  zero  will  not  be  a 
difficult  problem.  The  vacuum  of  outer 
space  is  the  best  insulator  there  is,  and 
closed-cycle  4°  K  refrigerators  weigh- 

ing less  than  20  lbs.  are  available  right 
now. 

A  more  difficult  problem  will  be 
learning  to  live  and  operate  electronic 
devices  in  such  high  fields,  or  designing 
the  coils  to  eliminate  the  field  in  the 
vehicle  cabin.  8 

Increased  technical  responsibilities  in  the  field 

of  range  measurements  have  required  the  cre- 

ation of  neiv  positions  at  the  Lincoln  Labora- 
tory. We  invite  inquiries  from  senior  members 

of  the  scientific  community  interested  in  par- 
ticipating with  us  in  solving  problems  of  the 

greatest  urgency  in  the  defense  of  the  nation. 

RADIO  PHYSICS 

and  ASTRONOMY 

RE-ENTRY  PHYSICS 

PENETRATION  AIDS 

DEVELOPMENT 

TARGET  IDENTIFICATION 

RESEARCH 

SYSTEMS : 
Space  Surveillance 
Strategic  Communications 
Integrated   Data  Networks 

NEW  RADAR  TECHNIQUES 

SYSTEM  ANALYSIS 

COMMUNICATIONS: 
Techniques  •  Psychology  •  Theory 

INFORMATION  PROCESSING 

SOLID  STATE 

Physics,  Chemistry,  and  Metallurgy 

•  A  more  complete  description  of  the  Laboratory's 
work  will  be  sent  to  you  upon  request. 

All  qualified  applicants  will  receive  consideration  for  employment  without 
regard  to  race,  creed,  color  or  national  origin. 

Research   and  Development 

LINCOLN    LABOR  AT  ORY 

Massachusetts  Institute  of  Technology 

BOX  26 
LEXINGTON    73,  MASSACHUSETTS 
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products  and  processes 

New  Product  of  the  Week: 

Solids  Mass  Spectrometer 

A  FIRST  ORDER,  angular-focus- 
ing mass  spectrometer  with  a  60°  sec- 
tor magnetic  field  on  a  1 2-in.  radius  has 

been  introduced  by  the  Analytical  & 
Control  Division  of  Consolidated  Elec- 

trodynamics Corp. 
Designed  for  the  analysis  of  solids 

in  a  wide  range  of  research  and  process 
applications,  the  Type  21-703  Mass 
Spectrometer  is  available  with  either  a 
Knudsen  Effusion  Cell  or  a  thermal 
ionization  source.  The  Knudsen  or 
crucible  source  is  used  to  study  high- 
temperature  reactions  in  solids  and  for 

Data  Acquisition  System 

A  10-channel  Analog-to-Pulse  Du- 
ration Instrumentation  System  for  pre- 
cision applications  in  process  control 

through  direct  digital  conversion  of  ana- 
log input  from  d-c  sensing  devices  is 

available  from  Genisco,  Inc.  It  provides 
inherent  high  accuracy  of  1  part  in 
1000  full  scale,  regardless  of  range. 
Solid-state  modular  construction  makes 

40 

analysis  of  solids  which  are  non-con- 
ductors. Vaporization  rates  and  equil- 

ibrium vapor  pressures  are  studied  by 
measuring  the  pressures  of  gaseous  spe- 

cies in  equilibrium  with  the  condensed 

phase. With  a  Knudsen  cell,  the  mass  spec- 
trometer identifies  molecular  species 

and  suppresses  competing  processes 
through  use  of  a  highly  collimated 
molecular  beam  which  crosses  the 
ionization  chamber  perpendicular  to 
the  ionizing  electron  beam. 

Circle  No.  225  on  Subscriber  Service  Card 

the  APD  System  rugged  and  readily 
adaptable  by  gating  techniques  and  logic 
circuitry  to  actuate  controls  or  alarms 
for  any  selected  point  or  bracket  within 
the  unit's  range. 

Circle  No.  226  on  Subscriber  Service  Card 

Bolometer  Mount  Calibration 

The  Weinschel  Engineering  Com- 
pany of  Kensington,  Md.,  has  available 

a  complete  calibration  service  for  co- 
axial or  Thermistor  Mounts  up  to  4 

kmc. 
The  service  is  limited,  at  present,  to 

those  mounts  having  a  d-c  resistance  of 
200  ohms  for  bias  currents  of  from  4 
to  13  milliamperes. 

Mounts  to  be  calibrated  must  be 
mechanically  stable  with  an  input  VSWR 

in  a  coaxial  50  ohm  system  of  less  than 
1.30.  Tuning  elements,  if  any,  must  be 
fixed  since  they  will  be  sealed  prior  to 
calibration  so  that  they  cannot  be 
moved.  Accuracy  of  the  determination 
of  the  "calibration  factor"  is  ±2%  or 
better. 

Circle  No.  227  on  Subscriber  Service  Card 

Traveling  Wave  Tube 

General  Electric  Company  is  mar- 
keting an  X-band  traveling-wave  tube 

amplifier  with  a  maximum  noise  figure 
of  less  than  8  db. 

The  ZM-3123  is  a  lightweight,  per- 
manent-magnet-focused tube  designed 

for  operation  in  the  8.5-9.6  kilomega- 
cycle  frequency  range.  It  features  a 
nominal  power  output  of  5  milliwatts 
and  a  minimum  small  signal  gain  of 
25  db. 

Circle  No.  226  on  Subscriber  Service  Card 

Tilt  Tables 

The  201  Static  Tilt  Tables  available 
in  two  models  from  Micro  Gee  Prod- 

ucts, Inc.,  offer  a  convenient,  accurate 
method  for  furnishing  incremental  angu- 

lar inputs  to  accelerometers,  gyros,  and 
similar  devices. 

Both  instruments  feature  a  large  en- 
graved vernier  scale  on  the  outer  axis 

providing  setting  accuracies  to  0.05° 
throughout  the  360°  range.  The  7-in.- 

1 

diameter  platform  itself  can  also  be  ro- 
tated through  360°  and  is  indexed  with 

a  locking  pin  at  45°  intervals.  Initial leveling  of  the  table  is  accomplished  by 
a  three-point  leveling  system  and  a 
spirit  level  aligned  with  the  table  surface 

Circle  No.  229  on  Subscriber  Service  Card 

Pulse  Generator 

A  compact  and  versatile  pulse  gen- 
erator, Type  1217-B,  having  a  wide 

range  of  pulse  durations  and  repetition 
rates,  is  available  from  the  General Radio  Co. 

Pulses  are  either  generated  intern- 
ally at  pulse  repetition  rates  from  2.5  to 
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500,000  cps,  a  frequency  range  com- 
parable to  that  of  most  general-purpose 

oscilloscopes,  or  triggered  by  external 
signals  from  dc  to  1  mc.  Main  output 
pulses  are  simultaneous  positive  and 
negative  40-ma  pulses,  dc-coupled.  Am- 

plitude is  adjustable,  to  a  maximum  of 
40  v  into  1000  ohms. 

Duration  of  the  main  pulse  is  ad- 
justable from  0.1  usee  to  1  sec,  in  seven 

decade  ranges.  The  rise  time  of  the 
main  pulse  depends  on  the  termination 
used. 

Circle  No.  230  on  Subscriber  Service  Card 

Ultrasonic  Degreasing 
System 

A  500-watt  ultrasonic  degreaser  for 
production  systems  is  available  from 
Ultrasonic  Power  Division  of  Branson 
Instruments,  Inc.  Designed  for  use  with 
Freon-TF  for  particularly  critical  clean- 

ing applications,  or  with  conventional 
solvents,  the  LAC- 100  degreaser  is  ca- 

pable of  processing  up  to  1500  lbs.  of 
steel  per  hour. 

The  unit  consists  of  a  boiling  sump, 
a  heated  transducerized  tank  for  ultra- 

sonic cleaning,  and  a  generator  to  sup- 
ply the  "ultrasonic  elbow  grease".  A 

recirculating  pump  and  filter,  water 
separator,  and  a  solenoid-controlled 
spray  rinse  are  also  provided. 

Circle  No.  231  on  Subscriber  Service  Card 

Variable  Delay  Line 

A  variable  delay  line,  Type  301- 
S104,  with  a  total  range  of  from  0  to 
25  nonoseconds  ±10%,  is  available 
from  General  Radio  Co.  In  addition  to 
the  narrow-range  feature,  the  line  af- 

fords a  resolution  of  0.06  nsec  and  a 
pulse  rise  time  of  approximately  2.4 
nsec  at  maximum  delay.  Precious  metal 
wire  is  used  in  a  distributed  winding  to 
assure  reliable  contact,  and  shielding  is 
incorporated  to  minimize  capacitive 
coupling  between  the  input  and  output 
terminals.  Characteristic  impedance  of 

the  delay  line  is  200  ohms  ±20%,  and 
the  dc  resistance  is  5.5  ohms  ±20%. 

Circle  No.  232  on  Subscriber  Service  Card 

Telemetering  Filters 
A  line  of  miniature  telemetering 

filters  featuring  high  adjacent  channel 
rejection  and  low  insertion  loss  is  being 
produced  by  CircuitDyne  Corp.,  a  sub- 

sidiary of  Telonic  Industries,  Inc. 
Available  with  any  center  frequency 

from  400  cps  through  70,000  cps,  the 
new  filters  provide  isolation  of  tele- 

metry channels  in  a  common  circuit, 
with  a  minimum  of  30  db  rejection  of 
adjacent  channels.  The  pass  band  itself 
is  held  to  within  ±2  db. 

Circle  No.  233  on  Subscriber  Service  Card 

Multiple  Capacitor 
Gulton  Industries,  Inc.  is  marketing 

a  Faradyne  Mylar  capacitor.  The  multi- 
ple capacitor  unit  is  hermetically  sealed 

with  capacitance  values  of  1  mf-0.1 
mf  -  0.01  mf  and  0.001  mf  within  one 
single  unit.  The  tolerance  on  these 
values  within  one  unit  is  ±0.25% .  Other 
units  have  been  manufactured  with  a 
different  combination  of  capacitance 
values,  such  as  0.5  mf  -  0.05  mf  -  0.005 
mf  and  0.00046  mf  in  a  hermetically 
sealed  can. 

Circle  No.  234  on  Subscriber  Service  Card 

'•J 

focusing  eyepiece  for  convenience  of  user. 

For  the  ultimate 

in  precision  viewing  of 

intricate,  hard-to-reach  areas  . . . 

A.C.M.I.  Fiber  Optic 

c/  Borescopes 

FoR  visualization  in  inaccessible  curved  areas 
where  a  flexible  instrument  capable  of  adapting 
itself  to  irregular  contours  is  required. 

Fiber  Optic  Borescopes  are  equipped  with 
focusing  eyepiece  and  fixed  or  movable  objec- 

tive as  required.  Illumination  can  be  provided 
by  a  flexible  fiber  optic  light  carrier  with  an 
external  light  source  or  an  annular  fiber  optic 
light  carrier  attached  to  the  image  carrier.  Fiber 
optic  light  carriers  are  particularly  advanta- 

geous for  transmission  of  intense  cold  light  to 
inaccessible  or  hazardous  areas. 

Please  send  details  and  sketch 

of  your  requirements. 
AMERICAN  CYSTOSCOPE  MAKERS,  Inc. 

8  Pelham  Parkway,  Pelham  Manor  (Pelham),  N.  Y. 

Circle  No.  3  on  Subscriber  Service  Card 
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names  in  the  news 

ALLEN SHAFER JACQUISH COGNE MACLEISH 

Harrison  A.  Storms,  Jr.:  Recently 
named  president  of  North  American's  new Space  and  Information  Systems  Division 
which  won  the  contract  for  the  Apollo 
spacecraft,  has  been  given  the  American 
Rocket  Society's  James  H.  Wyld  Award  for 
"his  outstanding  leadership  and  distin- 

guished engineering  and  administrative 
contributions  to  the  X-15  program,"  and the  Richards  Memorial  Medal  of  the 
American  Society  of  Mechanical  Engi- 

neers, also  for  his  part  in  planning  the 
X-15.  Storms  has  been  with  North  Ameri- 

can since  1941. 

R.  I.  Allen:  Elected  executive  vice  pres- 
ident of  Hills-McCanna  Company,  Car- 

pentersville,  111.  He  has,  since  joining  the 
company  in  1957,  served  as  general  man- 

ager of  the  foundry  division,  general  sales 
manager,  and  vice  president  in  charge  of 
sales,  engineering  and  foundry  operations. 
In  Allen's  new  position,  his  duties  have 
been  enlarged  so  that  he  will  have  over- 

all responsibility  for  administration  of  reg- 
ular company  operations. 

Don  M  urge  ruin:  In  his  new  post  as 
Director  of  the  Systems  Laboratory  Divi- 

sion of  Electronic  Specialty  Co.,  will  direct 
research  and  development  activities  as  well 
as  system  integration.  He  was  previously 
chief  engineer  of  the  company's  Radiating Systems  Division.  Earlier,  he  was  director 
of  electronics  for  the  Systems  Laboratory 
Corporation,  which  was  acquired  by  Elec- 

tronic Specialty  Co.  in  1959,  and  was  a 
senior  research  engineer  with  Stanford 
Research  Institute. 

S.  L.  McDonough:  As  manager  of  the 
new  weapons  applications  department  of 
the  Univac  Military  Department,  St.  Paul, 
Minn.,  has  been  given  the  responsibility 
of  aerospace  computer  developments  and 
their  application  to  military  weapon  sys- 

tems. He  was  formerly  with  McDonnell 
Aircraft  Corp.  where  he  pioneered  the  de- 

sign of  lightweight  digital  computers  for 
guidance  and  control  of  missiles  and  space 
vehicles.  Prior  to  holding  that  position,  he 
was  with  the  Cornell  Aeronautical  Lab- 

oratories for  1 1  years. 

Thomas  H.  Miller:  Has  joined  Fred- 
erick Research  Corp.  as  director  of  engi- 
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neering.  Miller  has  held  positions  with 
Vitro  Laboratories  and  International  Elec- 

tronics Engineering,  Inc. 

Guy  C.  Shafer:  For  the  past  two  years 
vice  president  and  general  manager  of  New 
England  Aircraft  Products  Co.  of  Plain- 
ville,  Conn.,  has  been  named  vice  presi- 

dent-planning at  Chandler  Evans  Corp., 
West  Hartford,  Conn.  For  13  years  before 
joining  New  England  Aircraft,  Shafer  was 
associated  with  General  Electric  Co.,  first 
at  its  Jet  Engine  department  at  Evendale, 
Ohio,  and  more  recently  as  general  man- 

ager of  its  Small  Aircraft  Engine  depart- 
ment at  Lynn,  Mass. 

William  D.  Myers:  Formerly  senior 
project  engineer  for  Raytheon-Spencer 
Laboratories,  has  been  named  general 
manager  of  Resistron  Laboratories,  Santa 
Monica,  Calif. 

Herman  L.  Weiss:  General  manager  of 
General  Electrics  Lamp  Division,  has  been 
elected  vice  president  of  the  parent  com- 

pany. As  vice  president  and  general  man- 
ager of  the  Lamp  Division,  he  is  respon- 
sible for  six  operating  departments.  He  has 

been  with  the  company  since  1939. 

William  W.  Jacquish:  Appointed  senior 
sales  engineer  for  research  and  develop- 

ment programs  in  the  Martin  Marietta 
Electronic  Systems  and  Products  Division. 
Jacquish  formerly  worked  for  Philco  as 
project  engineer  for  a  portion  of  the  Side- 

winder missile  project,  and  later  was  man- 
ager of  advanced  engineering  in  the  Hoff- 
man Electronics  Corp. 

Harry  M.  Miller:  Ohio  utility  execu- 
tive, has  been  elected  chairman  of  the 

board  of  Battelle  Memorial  Institute.  Presi- 
dent and  board  chairman  of  the  Columbus 

and  Southern  Ohio  Electric  Company  since 
1956,  Miller  is  also  a  trustee  of  the  Power 
Reactor  Development  Company.  Dr.  John 
A.  Wheeler,  Princeton  University  physicist 
noted  for  his  work  in  the  field  of  nuclear 
energy,  was  named  first  vice  chairman. 
Retiring  chairman  Dr.  Zay  Jeffries,  former 
vice  president  of  General  Electric  Com- 

pany, remains  on  the  board  as  honorary 
chairman.  Other  members  of  the  board 
are:    Dr.   Roger  Adams,  internationally 

known  chemist  and  educator;  Gerald  B. 
Fenton  and  Harry  M.  Runkle,  both  Co- 

lumbus, Ohio,  businessmen.  Serving  as 
associate  trustees  are  Dr.  Arthur  C.  Cope, 
head  of  the  Department  of  Chemistry  at 
Massachusetts  Institute  of  Technology  and 
current  president  of  the  American  Chemi- 

cal Society,  and  Dr.  John  Robinson  Pierce, 
director  of  research  in  communication 
principles  at  Bell  Telephone  Laboratories 
and  originator  of  the  Echo  I  satellite  con- cept. 

James  A.  Nickerson:  Formerly  vice 
president  in  charge  of  sales,  has  been 
elected  executive  vice  president  of  Hill 
Electronics,  Inc.  Nickerson,  with  the  com- 

pany since  1958,  will  coordinate  the 
planned  expansion  in  the  fields  of  instru- 

mentation and  systems  with  present  opera- 
tions. Prior  to  his  present  position,  he  was 

associated  with  the  Titeflex  Corp.  and  with 
the  Patchogue  Plymouth  Corp. 

Robert  Cogne:  Succeeds  Dr.  Ernst 
M.  Huttrer,  who  has  resigned,  as  executive 
vice  president  of  Intercontinental  Elec- 

tronics Corp.,  Westbury,  L.  I.,  N.  Y.  Cogne 
transferred  to  INTEC  from  CSF-Com- 
pagnie  Generale  de  Telegraphie  Sans  Fil  of 
Paris  in  June.  CSF  is  the  majority  stock- holder in  INTEC  and  was  one  of  the 
founding  companies.  Cogne  held  many 
engineering  and  administrative  posts  dur- 

ing his  12  years  with  CSF. 

Dr.  Kenneth  G.  Macleisb:  Elected  a 
vice  president  of  the  Perkin-Elmer  Corp. 
and  named  director  of  engineering  of  its 
Electro-Optical  division.  Prior  to  his  pres- 

ent position,  Macleish  was  with  Eastman 
Kodak  Co.,  where  most  recently  he  was 
assistant  director  of  research  and  engineer- 

ing in  the  Apparatus  and  Optical  division. 

William  C.  House  and  Dr.  Ernest  R. 
Roberts:  Elected  vice  president-Nuclear 
Rocket  Systems  and  vice  president,  re- 

spectively, of  Aerojet-General  Corporation. 
House,  who  has  been  with  Aerojet  since 
1949,  is  at  present  director  of  Nerva 
Operations.  Roberts  joined  Aerojet  in 
1947  and  has  contributed  significantly  to 
the  growth  of  solid-fuel  rockets,  especially 
in  the  development  of  segmented  large 
rockets  as  super  boosters. 
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contracts- 

AIR  FORCE 
$67.800,000 — Peter  Kiewit  and  Sons  Co., Omaha  for  construction  of  Minuteman 

launch  faculties  near  Minot  AFB,  N.D. 
$35,000,000 — Air  Products  and  Chemicals, 

Inc.,  Allentown,  Pa.,  for  liquid  hydrogen 
over  a  five-year  period. 

$18,259.999 — The  Bendix  Corp.,  Detroit,  for 
central  air  data  computer  systems  and 
spare  parts  and  support  equipment,  and 
for  transportable  tropospheric  radio  sets 
for  use  in  world-wide  communications 
systems,  (two  contracts). 

$11,100,000 — Aerojet  General  Corp.,  Sacra- mento, Calif.,  for  stage  two  of  Minuteman 
solid-propellant  rocket  motors  and  re- 

lated equipment,  and  for  research  and 
development  work  on  the  Titan  weapon 
system,  (two  contracts) 

$9,811,000 — Martin  Marietta,  Denver,  for  in- 
stallation and  checkout  of  ground  equip- 

ment, and  for  fabrication  and  installation 
of  ground  equipment  for  the  Titan  II 
weapon  system. 

$7,940,433 — Anaconda  Wire  and  Cable  Co., 
Hastings-on-Hudson,  N.T.,  for  intersite communications  cable  for  missile  sites 
at  Ellsworth  AFB,  N.D. 

$6,211,772 — General  Electric  Co.,  for  installa- 
tions of  precision  missile  trajectory  meas- 

urement system  and  support  equipment 
with  work  to  be  done  at  Eleuthera  Island. 

$5,000.000 — Rocketdyne  division,  North  Amer- 
ican Aviation,  Inc.,  for  MA-3  rocket  en- 
gine production,  work  to  be  performed 

at  Neosho,  Mo.,  McGregor,  Tex.  Canoga 
Park,  Calif.,  and  Santa  Susana,  Calif. 

$4,400,000 — Radio  Corporation  of  America, 
Burlington,  Mass.,  for  production  of  final- stage  vehicles  and  provision  of  services 
to  support  a  satellite  program. 

$4,000,000 — General  Electric  Co.,  for  classified work  on  space  vehicles;  to  be  performed 
at  Philadelphia- 

$2,200,000 — The  Boeing  Co.,  Seattle,  for  as- sembly and  checkout  of  Minuteman  Wing 
n. 

$1,848,688 — The  Boeing  Co.,  Seattle,  for  spare 
parts  in  support  of  the  Bomarc  B  (sup- 

plemental contract) . 
$1,650,000 — Minneapolis-Honeywell  Regulator 

Co.,  Minneapolis,  for  study  of  aerospace 
technological  experiments. 

$1,600,000 — Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  for  weapon  system  evaluator  mis- 

sile, spare  parts  and  data  for  GAR-3A 
and  GAR-ID  (one  contract  and  one  letter contract) . 

$1,220,450 — Solar  Aircraft  Co.,  San  Diego, 
Calif.,  for  power  units  of  a  gas  turbine 
engine. 

$580,500 — General  Electric  Company,  Phila- 
delphia, for  research,  development,  test- ing, fabrication  and  related  work  for  the 

Nike-Zeus  target  vehicle. 
$107.602 — Hoffman  Electronics  Corp.,  Military 

Products  Division,  Los  Angeles,  for  engi- 
neering services  and  spare  part  support 

for  electronic  reconnaissance  systems. 

ARMY 
$138.936,717— The  Martin  Co.,  Orlando,  Pla., 

for  research  and  development  and  for  pro- 
duction of  the  Pershing  weapon  system 

(two  contracts) . 
$25,378,198 — Raytheon  Co.,  Lexington,  Mass.. for  electronic  tubes,  engineering  services, 

radar  illuminators  and  field  maintenance 
test  equipment  shops  for  Hawk  missile 
system. 

$13,134,800  —  Aircraft  Armaments,  Inc., 
Cockeysvllle,  Md.,  for  updating  and  modi- 

fying training  devices  used  with  the 
Nike-Hercules  system. 

$13.070,725 — Hercules  Powder  Co.,  Wilming- 
ton, Del.,  for  production  of  missile  propel- 

lants  at  the  Radford,  Va.,  Ordnance Plant. 
$12,376,800— Sylvania  Electric  Products,  Inc., Waltham,  Mass.,  Bell  Telephone  Co., 

Whippany,  N.J.,  and  General  Electric 
Corp.,  Syracuse,  N.Y.,  for  additional  re- 

search   and    development    of  advanced 

radar  for  the  Nike-Zeus  antimissile  mis- 
sile. 

$11,607,970 — Eclipse  Pioneer  division,  The 
Bendix  Corp.,  Teterboro,  N.J.,  for  produc- 

tion of  Pershing  missile  parts  and  engi- 
neering services. 

$8,071,000 — Western  Electric  Co.,  for  work  on 
the  Nike-Hercules  improved  engineering 
service,  with  work  to  be  performed  at 
Burlington,  N.C.,  General  Electric  plant 
in  Syracuse,  N.Y.,  and  at  the  Douglas 
Aircraft  plant  in  Charlotte,  N.C. 

$7,261,776  —  General  Dynamics  Corp.,  San 
Diego,  Calif.,  for  production  improvement 
of  ground  support  equipment  for  Atlas missiles. 

$6,159,162 — Western  Electric  Co.,  New  York, for  technical  manuals  and  for  improved 
guidance  system  and  components  for 
Nike-Hercules  (two  contracts). 

$5,804.435 — Douglas  Aircraft  Corp.,  Charlotte Ordnance  Missile  Plant,  Charlotte,  N.C, 
for  work  on  Nike-Hercules  missile  com- 
ponents. $5,010,070  —  Aerojet-General  Corp.,  Nimbus. 
Calif.,  for  loading,  assembling,  and  pack- 

aging of  Hawk  air  defense  guided  missile motors. 
$3,600,000 — Sperry  Utah  Co.,  Salt  Lake  City, 

a  division  of  Sperry  Rand  Corp.,  for  in- 
dustrial engineering  services  on  the  Ser- 

geant guided  missile  system. 
$2,230,274  —  Nortronics  division,  Northrop 

Corp.,  Anaheim,  Calif.,  for  2387  units  of 
Hawk  missile  wiring  assemblies. 

$2,211,920 — Raytheon  Co.,  Lexington,  Mass., for  continued  engineering  services  on  the 
Hawk  missile  system. 

MISCELLANEOUS 
S40, 000,000 — From  North  American  Aviation, 

Inc.,  Space  and  Information  Systems 
Division,  to  Collins  Radio  Co.,  Cedar 
Rapids,  Iowa,  for  the  telecommunications 
system  for  the  Apollo  spacecraft. 

$30.000,000 — From  North  American  Aviation, 
Inc.,  Space  and  Information  Systems  Divi- 

sion, to  Minneapolis-Honeywell  Regulator 
Co.,  Minneapolis,  for  the  stabilization  and 
control  systems  for  the  Apollo  spacecraft. 

$10,000,000 — From  North  American  Aviation, 
Inc.,  Space  and  Information  Systems 
Division  to  AiResearch  Manufacturing  Co., 
Los  Angeles,  for  environmental  control 
for  the  Apollo  spacecraft. 

$1,000,000  —  From  North  American  Aviation, 
Inc.,  Space  and  Information  Systems  Divi- 

sion to  Radioplane  Division  of  Northrop 
Corp.,  Van  Nuys,  Calif.,  for  parachute 
landing  system  for  the  Apollo  spacecraft. 

NAVY 
$1,374,000  —  Martin  Co.,  Orlando,  Fla.,  for 

Bullpup  missiles  for  the  Air  Force. 
SI. 192,220  —  Aerojet-General  Corp.,  Sacra- 

mento, Calif.,  for  research  and  develop- ment of  advanced  Polaris  propellant. 
$500,000 — Elgin  National  Watch  Co.,  Elgin, 

HI.,  for  an  electronic  communications 
system. 

$400,000 — Westinghouse  Electric  Co.,  Wash- 
ington, D.C.,  for  one  Mk  17  launcher 

system  trainer  for  Dam  Neck,  Va.,  work 
to  be  performed  at  Sunnyvale,  Calif. 

$360,242 — Douglas  Aircraft  Co.,  Santa  Monica, 
Calif.,  for  furnishing  and  installing  one 
prototype  Bullpup  B  in  government- owned  airplane. 

$277.627 — General  Time  Corp.,  Westclox  divi- 
sion, LaSalle,  HI.,  for  safety  and  arming 

device  for  Sidewinder  1A  guided  missile. 

NASA 
$2,118,600 — The  Bendix  Corp.,  Detroit,  for 

construction  of  the  stable  platform  using 
air-bearing  gyros  for  the  inertial  guidance 
system  of  the  Saturn  space  vehicle. 

$1,000,000 — Kollsman  Instrument  Corp.,  sub- sidiary of  Standard  Kollsman  Industries, 
New  York,  for  instruments  for  the  Oroit- ing  Astronomical  Observatory. 

OPPORTUNITIES  FOR 

PROFESSIONAL  ADVANCEMENT 

AT 

AEROJET-GENERALS 

SOLID  ROCKET  PLANT 

Sacramento,  California 

RESEARCH  ENGINEERS  AND 
SCIENTISTS.  Our  expanded  Struc- 

tural Research  Department  requires 
additional  staff  for  basic  and  applied 
research  in  solid  mechanics  for  analysis 
of  rocket  chambers  and  viscoelastic 
propellants.  Advanced  degree  required. 

TEST  ENGINEERS — INSTRU- 
MENTATION. B.S.  degree  in  electri- 

cal engineering  with  minimum  of  three 
years'  experience  in  missile  or  aircraft structural  and/or  environmental  test. 
Must  be  experienced  in  strain  gages, 
data  recorders,  measurement  standards, 
elevated  temperature  measurements, 
electrical  power  and  vibration. 

STRUCTURAL  AND  ENVIRON- 
MENTAL ENGINEERS.  B.S.  degree 

in  mechanical  or  chemical  engineering 
with  a  minimum  of  three  years'  experi- ence in  missile  or  aircraft  structural 
and/or  environmental  testing.  Position 
involves  experimental  stress  and  envi- 

ronmental evaluations  of  solid  rocket 
chambers  and  components  at  ambient 
and  elevated  temperatures,  in  addition 
to  development  of  instrumentation  for 
solid  propellants. 

Additional  openings  also  exist  for  grad- 
uate engineers  in  the  field  of  basic  load 

and  stress  analysis  of  solid  rocket  com- 
ponents for  such  programs  as  MINUTE- 

MAN,  POLARIS,  and  SKYBOLT. 

We  invite  you  tc  send  your  resume 
and  any  detailed  questions  to: 

E.  P.  James,  Manager 
Professional  Placement 

Aerojet-General 
Corporation 

P.O.  Box  1947-J 
Sacramento,  California 

An  Equal  Opportunity  Employer 
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SPACE 

SYSTEMS 

Another  first  for  MISSILES  AND  ROCKETS  .  .  . 

presenting  all  the  nation's  military  space 
projects  and  programs  in  a  single  package  in 

M/R's  2nd  annual  research  and  engineering  issue 
theme:  MILITARY  SPACE  SYSTEMS 

The  military  space  budget 

is  expected  to  more  than  double  in  '62. 
And  the  upward  trend  will  continue. 

In  M/R's  highly  successful  NASA  issue,  published 
November  27,  1961,  M/R's  editors  completely 
covered  NASA's  programs  and  projects. 
On  March  26,  1962,  M/R  will  publish 
the  Research  and  Engineering  issue, 

the  follow-on  to  the  NASA  issue.  In  it,  M/R's 
editors  will  cover  the  military  space  budget, 

programs  and  projects,  personnel,  facilities, 
and  contracting  procedures — with  emphasis 
on  what  the  military  will  buy  in  the  future. 
And  more  important  .  .  .  M/R  will  provide  an 
Industry  Guide  to  the  Military  Space  Centers. 

Plan  for  the  future  by  advertising  in 

Missiles  and  Rockets''  Second  Annual 
Research  and  Engineering  Issue 
theme:  MILITARY  SPACE  SYSTEMS 

ADVERTISING  CLOSING  DATE:  MARCH  5 



-when  and  where- 

JANUARY 
Automotive  Engineering  Congress  and  Ex- 

position, sponsored  by  Automotive 
Engineers,  Inc.,  Cobo  Hall,  Detroit, 
Jan.  8-12. 

8th  Annual  Symposium  on  Reliability  and 
Quality  Control,  Statler-Hilton  Hotel, 
Washington,  D.C.,  Jan.  9-11. 

1962  Business  Outlook  Conference,  spon- 
sored by  the  Los  Angeles  Chamber  of 

Commerce,  Biltmore  Hotel,  Jan.  10. 
30th  Annual  Meeting,  Institute  of  the 

Aerospace  Sciences,  Hotel  Astor,  New 
York  City,  Jan.  22-24. 

National  Plant  Engineering  and  Mainte- 
nance Show  and  Conference,  Conven- 

tion Hall,  Philadelphia,  Jan.  22-25. 
Solid  Propellant  Rocket  Conference,  ARS, 

Baylor  University,  Waco,  Tex.,  Jan. 
24-26. 

American  Society  of  Mechanical  Engi- 
neers, 2nd  Symposium  on  Thermo- 

Physical  Properties,  Princeton,  N.J., 
Jan.  24-26. 

FEBRUARY 
Western  Electronic  Week  and  Pacific  Elec- 

tronic Trade  Show,  Palm  Springs,  and 
Los  Angeles,  Feb.  3-11. 

Winter  Convention  on  Military  Electron- 
ics, IRE,  Ambassador  Hotel,  Los 

Angeles,  Feb.  7-9. 
International  Solid  State  Circuits  Confer- 

ence, Philadelphia,  Feb.  14-16. 
Tracking  and  Command  of  Aerospace 

Vehicles,  Institute  of  the  Aerospace 
Sciences,  San  Francisco,  Feb.  19-21. 

Third  Annual  Symposium  on  Nondestruc- 
tive Testing  of  Aircraft  and  Missile 

Components  (Southwest  Research  In- 
stitute), Gunter  Hotel,  San  Antonio, 

Tex.,  Feb.  27-Mar.  1. 

M/R  BUSINESS  OFFICES 
Washington  5,  D.C. — 1001  Vermont  Avenue, 

NW;  STerling  3-5400 
Craig  L.  Mason,  Director  of  Research 

New   York    17,    N.Y.— 20    East    44  Street; 
YUkon  6-3900 
Paul  B.  Kinney,  Eastern  Advertising 
Manager 
Paul  N.  Anderson 

Beverly  Hills,  California— 8929  Wllshire  Blvd.; 
OLeander  5-9161 
Ronald  L.  Rose 
Edwin  J.  Denker,  Jr. 

San   Francisco,  California — 859   The  Dalles, 
Sunnyvale;  RE  6-4017 
James  W.  Claar 

Detroit    2,  Michigan— 412    Fisher  Building; 
TRInlty  5-2555 
Michael  Rouff 

Chicago  2,  Illinois— 139  N.  Clark  St.:  Central 6-5804 
R.  Lenn  Franke,  Jr. 

Dallas    24,  Texas — 222   Wynnewood  Profes- sional Building 
John  L.  Hathaway 

Miami,  Florida — 208    Almeria    Ave.,  Coral Gables 
Richard  D.  Hager 

London,    W.I.,    England — 28    Bruton  Street; Grosvenor  8356 
Norall  and  Hart 

Geneva,  Switzerland — 10  Rue  Greius;  Geneva 321044 

Paris,  France — 11  Rue  Condorcet;  TRU  15-39 
Frankfurt/Mala,     West     Germany— Frledrich- 

Ebert-Anlage  3 

MARCH 
Institute  of  Radio  Engineers,  8th  Scintilla 

tion  and  Semiconductor  Counter  Sym 
posium,  Washington,  D.C,  Mar.  1-3. 

Fifth  Annual  Technical  Conference,  So 
clety  of  Vacuum  Coaters,  Sheraton 
Cleveland  Hotel,  Cleveland,  Mar.  6-7 

Armed  Forces  Communications  and  Elec 
Ironies  Association,  Cape  Canaveral 
Chapter,  symposium,  Cocoa  Beach 
Fla.,  Mar.  6-8. 

Flight  Propulsion  Meeting  (classified),  In' 
stitute  of  the  Aerospace  Sciences 
Cleveland,  Mar.  8-9. 

1962  Symposium  on  Packaging  of  Cheml 
cal  Products,  sponsored  by  Manufac 
turing  Chemists'  Association,  Inc.,  St 
Louis,  Mar.  13-14. 

Electrical  Propulsion  Conference,  ARC, 
Hotel  Claremont,  Berkeley,  Calif., 
Mar.  14-16. 

Goddard  National  Space  Conference,  spon- 
sored by  the  National  Rocket  Club, 

Sheraton  Park  Hotel,  Washington, 
D.C,  Mar.  14-16.  (Goddard  Memorial 
Dinner  on  Mar.  16.) 

Third  Symposium  on  Engineering  Aspects 
of  Magnetohydrodynamics,  sponsored 
by  University  of  Rochester,  AIEE, 
IRE,  IAS,  University  of  Rochester, 
N.Y.,  Mar.  28-29. 

APRIL 
American  Rocket  Society,  Launch  Ve- 

hicles: Structures  and  Materials  Con- 
ference, Ramada  Inn,  Phoenix,  Ariz., 

April  3-5. Thirteenth  Annual  Advanced  Statistical 
Quality  Control  Institute,  University  of 
Connecticut,  Storrs,  April  8-20. 

Institute  of  Environmental  Sciences,  An- 
nual Technical  Meeting  and  Equipment 

Exposition,  Sheraton  Towers  Hotel, 
Chicago,  April  11-13. 

Second  Conference  on  Kinetics,  Equilibria, 
and  Performance  of  High-Temperature 
Systems,  Western  States  Section,  The 
Combustion  Institute,  University  of 
California,  Los  Angeles,  April  14-16. 

American  Society  for  Metals  Regional 
Conference  and  Exhibition,  Materials 
and  Materials  Processing  for  the  Pe- 

troleum, Petrochemical  and  Chemical 
Industries,  Shamrock  Hilton  Hotel, 
Houston,  April  17-19. 

Western  Space  Age  Industries  and  Engi- 
neering Exposition,  sponsored  by  the 

governors  of  the  13  western  states  and 
leading  western  industrialists  in  co- 

operation with  Department  of  Defense 
and  other  Federal  procurement  agen- 

cies, San  Francisco,  April  25-29. 

Advertisers'  Index 

Aerojet-General  Corp.,  Sub.- 
General  Tire  &  Rubber  Co....  43 

Agency — D'Arcy  Adv.  Co. 
Allison  Div.,  General  Motors 
Corp   6 
Agency — H.  L.  Ross 

American  Cystoscope  Makers, 
Inc   41 
Agency — Sproul  &  Assoc.,  Inc. 

American  Telephone  & 
Telegraph  Co   4 
Agency — N.  W.  Ayer  &  Son 

Bell  Aerosystems  Co   3 
Agency — Deutsch  &  Shea,  Inc. 

General  Dynamics/ 
Astronautics   25,  26,  27,  28 
Agency — Barnes  Chose/Adv. 

Hughes  Aircraft  Co  22,  23 
Agency — Foote,  Cone  &  Belding 

Lincoln  Laboratory-Massachusetts 
Institute  of  Technology   39 
Agency — Randolph  Assoc. 

Marquardt  Corp.,  The   8 
Agency — Grant  Adv.,  Inc. 

Mitre  Corp.,  The   18 
Agency — The  Bresnick  Co.,  Inc. 

Nanmac  Corp   1 1 
Agency — Burton  Adv.  Corp. 

Northrop  Corp   31 
Agency — Doyle,  Dane,  Bernbach,  Inc. 

Pratt  &  Whitney  Aircraft, 
Sub. -United  Aircraft  Corp....  47 
Agency — G.  F.  Sweet  &  Co.,  Inc. 

Simplex  Wire  &  Cable  Co   2 
Agency — Henry  A.  Loudon  Adv.,  Inc. 

Sperry  Utah  Co   48 
Agency — Reach,  McCIinton  & 
Co.,  Inc. 

Thomson  Industries,  Inc   7 
Agency — The  Kotula  Co.,  Inc. 

Classified 

Challenging  opportunity  to  manage  this 
important  segment  of  sales  of  leading 
manufacturer  who  desires  to  penetrate Government  Markets  with  his  problem 
solving  ability  in  valves  and  other  ap- purtenances. Need  ability  in  product 
planning  and  sales  planning  in  addition to  Engineering  background  required  by 
technically  oriented  products.  Broadest 
kind  of  opportunity  in  employee  owned company. WRITE 

H.  C.  Schwenk 
Henry  Pratt  Company 
319  W.  Van  Buren  St. 
Chicago  7,  Illinois 
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editorial . . . 

Stifling  the  'One  Human  Asset' 

WE  RAN  ACROSS  some  quotations  in  our  holi- 
day reading  that  we  think  bear  considerable 

import  for  the  missile/space  industry,  the  Administra- 
tion and  the  nation.  The  first  is  from  Arnold 

Toynbee : 
"To  give  a  fair  chance  to  potential  creativity  is  a 

matter  of  life  and  death  for  any  society.  This  is  all- 
important,  because  the  outstanding  creative  ability 
of  a  fairly  small  percentage  of  the  population  is 

mankind's  ultimate  capital  assets,  and  the  only  one with  which  man  has  been  endowed.  The  creator  has 

withheld  from  man  the  shark's  teeth,  the  bird's 
wings,  the  elephant's  trunk,  and  the  hound's  or 
horse's  racing  feet.  The  creative  power  planted  in  a 
minority  of  mankind  has  to  do  duty  for  all  the 
marvelous  physical  assets  that  are  built  into  every 
specimen  of  man's  non-human  fellow  creatures.  If 
society  fails  to  make  the  most  of  this  one  human 
asset,  or  if,  worse  still,  it  perversely  sets  itself  to 
stifle  it,  man  is  throwing  away  his  birthright  of  being 
the  lord  of  creation  and  is  condemning  himself  to  be, 
instead,  the  least  effective  species  on  the  face  of  this 

planet." Here  is  the  second  quotation: 
"The  issues  of  proprietary  rights  in  data  have 

brought  about  a  seriously  disturbed  climate  which  is 
not  conducive  to  the  collaboration  and  cooperation 
which  must  exist  if  the  desirable  government-industry 
partnership  is  to  realize  its  full  potential.  Inventive 
American  industry,  both  large  and  small  business,  is 
convinced  that  the  attitude  of  government  is  unrea- 

sonable and  that  such  mandatory  regulations  as  repre- 
sented by  ASPR  IX,  part  2,  M1L-D-70327  and 

MCP-71-77  are  unfair  and  unworkable." 
The  second  statement,  while  perhaps  not  meas- 

uring up  to  the  literary  standards  of  historian  Toyn- 
bee, is  closely  allied  to  the  same  philosophy  and 

carries  with  it  the  backing  of  a  large  and  influential 
portion  of  our  industry.  It  is  from  a  report  to  Sen. 
Smathers  (D-Fla.),  chairman  of  the  Government 
Procurement  Subcommittee  of  the  Senate  Small  Busi- 

ness Committee.  The  report  was  prepared  by  a  mili- 
tary procurement  advisory  committee  appointed  by 

the  senator. 
To  give  some  idea  of  the  broad  cross-section  of 

the  industry  represented  by  this  committee,  we  will 
cite  the  names  of  only  a  few  of  its  directors  and 
associate  directors:  E.  D.  Carter,  Corporate  Direc- 

tor, Materiel  and  Procurement,  The  Martin  Co.;  Dr. 
Thomas  P.  Cheatham,  Jr.,  Vice  President,  Litton 
Systems;  J.  Leonard  Comegys,  Divisional  Attorney, 
Bendix-Pacific  Division,  The  Bendix  Corp.;  A.  A. 
Farrar,  Director  of  Government  Contracts,  Raytheon 
Co.;  C.  N.  Rees,  Executive  Vice  President,  Standard 
Steel  Corp.;  Harvey  Riggs,  President,  International 
Electronic  Research  Corp.;  Denham  S.  Scott,  Assist- 

ant to  the  President,  the  Garret  Corp.;  and  William 
B.  Webber,  Vice  President,  Tektronix,  Inc.  Chairman 
of  the  committee  was  Carl  G.  Hokanson,  President, 
C.  G.  Hokanson  Co. 

Both  large  and  small  business  were  represented 
on  the  committee.  Some  50,000  man-hours  went 
into  compilation  of  the  report,  which  covers 
the  most  important  aspects  of  military  procurement, 
pointing  up  shortcomings  and  making  recommenda- 

tions for  corrective  action.  It  is  a  document  which 
will  receive  close  congressional  attention. 

Our  quotation  is  from  the  chapter  on  proprietary 
rights  and  is  chosen  because  of  the  recent  news  that 
the  Administration  has  drafted  a  National  Inventions 
Act.  This  would  give  the  government  broad  new 
patent  rights,  including  title  to  all  patents  developed 
by  private  industry  under  government  research  and 
development  contracts.  As  drafted  the  act  also  would 
require  the  industry  to  share  royalties  with  the  gov- 

ernment on  all  commercial  licenses  and  require  com- 
pulsory licensing  after  three  years  with  a  limitation 

on  the  royalty  fee. 
If  legislation  along  these  lines  is  submitted  to  Con- 

gress, it  must  be  considered  unacceptable. 
The  Smathers  report  points  out  that  the  under- 

lying factor  enabling  a  business  enterprise  to  main- 
tain its  competitive  position  in  a  free  enterprise  is  its 

ability  to  develop  inventions,  special  processes  and 
know-how  applicable  to  its  products.  This,  surely, 
is  an  obvious  fact.  Yet  the  government  attitude  on 
proprietary  data  cannot  be  said  to  provide  adequate 
recognition  of  it. 

THE  COMMITTEE  put  the  result  bluntly:  "The 
government's  continued  insistence  on  obtaining 

this  information  will  no  doubt  cause  many  com- 
panies not  to  do  business  with  the  government  on 

that  basis,  or  increase  their  prices  to  recover  their 
investment  or  whatever  value  they  place  upon  these 

rights." 

The  nation  cannot  afford  any  of  these  actions. 
We  suggest  to  those  concerned  with  the  proposed 
National  Inventions  Act  that  they  read  the  Smathers 
report  closely,  if  they  have  not  done  so.  We  call 
their  attention  to  the  committee's  recommendations, 
including  the  one  aimed  at  improving  the  relation- 

ship between  prime  and  subcontractors  on  proprietary 
data. 

We  cannot  afford  to  stifle  today  the  initiative  the 
nation  needs.  Yet  we  are  in  danger  of  falling  into 
the  very  trap  of  which  Toynbee  warns. 

We  suggest  to  the  gentlemen  of  the  administra- 
tion and  the  Congress  that  they  also  re-read  our  first 

quotation — carefully  and  thoughtfully. 
William  J.  Coughlin 
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TYPICAL  ENGINEERING  PROJECTS  IN  PROGRESS 

LIQUID  ROCKET  ENGINES  ■  ADVANCED  SUPER- 

SONIC AIRCRAFT  POWER  PLANTS  ■  FUEL  CELLS 

MAGN  ETOHYDRODYN  A  M  ICS  ■  AEROSPACEPLANE 

PROPULSION  SYSTEMS  ■  NUCLEAR  POWER  ■ 

SOLAR  ENERGY  CONVERSION  ■  ADVANCED 

CONTROL  SYSTEMS  ■  CRYOGENICS  ■  THERMI- 

ONIC AND  THERMOELECTRIC  CONVERSION  ■ 

ADVANCED  MATERIALS  DEVELOPMENT  ■  SPACE 

VEHICLE   MISSION  ANALYSIS    ■  TURBOJETS 

ENGINEERS:  plan  your  space  age  careers 

...  in  CONNECTICUT  or  FLORIDA 

Wide-range  opportunities  exist  for  the  creative  engineer  at  the  East  Hartford, 
Connecticut  Facility  and  Florida  Research  and  Development  Center  of  Pratt 
&  Whitney  Aircraft. 
Stemming  from  more  than  35  years  of  leadership  in  the  flight  propulsion 
field,  P&WA  is  assuming  an  ever-growing  role  in  •  space  technology  •  in 
military  and  industrial  powerplant  development  •  in  surface  locomotion 
•  in  marine  and  submarine  propulsion  and  in  •  a  varied  field  of  energy 
conversion  systems. 
EXCELLENT  FACILITIES:  Privately  owned  facilities  provide  for  the  accelerated 
development-testing  of  advanced  powerplants,  advanced  rocket  motors,  high 
mach  turbo  jet  engines,  and  full-scale  rocket  components.  Further  assisting 
our  engineers  are  comprehensive  automatic  data  acquisition  and  processing 
systems,  including  the  latest  in  computing  facilities. 
Openings  exist  at  all  levels  of  experience  for  engineers  and  scientists  who 
want  to  work  as  part  of  a  team  dedicated  to  maintaining  Pratt  &  Whitney's 
position  of  leadership  in  the  future. 
Please  submit  your  resume,  including  minimum  salary  requirements,  to: 

MR.  P.  R.  SMITH,  OFFICE  44  MR.  J.  W.  MORTON,  OFFICE  44 
PRATT  &  WHITNEY  AIRCRAFT  PRATT  &  WHITNEY  AIRCRAFT 

410  MAIN  STREET  —or—  WEST  PALM  BEACH 
EAST  HARTFORD  8,  CONNECTICUT  FLORIDA 

All  replies  will  be  handled  promptly  and  in  complete  confidence. 

Prcitt  &\A/hitn©y  fiircrcift  division  of  umte^Jrcraftcorp. 

An  Equal  Opportunity  Employer  I  I 
Circle  No.  4  on  Subscriber  Service  Card 



automatic 

checkout 

Maximum-support  capability  is  one 
of  the  major  tactical  assets  of  the 

sergeant  missile  system,  which  can 

be  emplaced  and  fired  in  a  very  short 

period  of  time  by  a  six-man  crew. 

One  man  with  eight  weeks'  training 
can  give  the  SERGEANT  a  pushbutton 

"Go,  No-Go"  checkout  in  the  field. 
Backing  up  the  launching  site 

operation  is  the  OMTS  (Organizational 
Maintenance  Test  Station)  which 

isolates  and  checks  out  main  assem- 

bly missile  electronics. Supporting 

OMTS  is  FMTS  (Field  Maintenance 

Test  Station)  which  performs  a  similar 

function  on  sub-assembly  electronics. 
Transportable  by  land,  sea  or  air, 

the  versatile  SERGEANT  system  is  now 

in  production  for  the  Army  at  Sperry 

Utah.  And  when  it  becomes  opera- 
tional, it  will  take  its  place  beside 

the  tough  and  d  e  - 
pendable  sergeants 
of  U.  S.  Army  history. 

SPERRV 

SPERRY  UTAH  COMPANY,  DIVISION  OF  SPERRY  RAND  CORPORATION    •     SALT  LAKE  CITY,  UTAH 
Circle  No.  6  on  Subscriber  Service  Card 
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Th/oko/'s  Ritchey — 'National  Tragedy'  in  Making? 

Big  Solid  Nova  Project  Shoved  Aside .  .  . 

Lamtex  To  Make  Biggest  Reinforced  Cas 

'Jeep  of  the  Deep'  Nears  U.S.  Sea  Tests .  .  an  American  aviation  publication 



VERSATILE  ANALYSIS... 

PRECISE  DATA  RECOVERY 

with  this  Bendix-Pacific 

Band  Switching  Discriminator 

The  versatile  TDA-320  subcarrier  discriminator  will 

solve  many  of  your  difficult  data  reduction  and  analysis 

problems.  Band  switching  features  permit  demodulation 

of  any  IRIG  channel  from  a  composite  telemetry  signal. 

Rapid  band  changing  is  accomplished  through  the  use 

of  pre-set  controls  for  all  23  bands.  Independent  selection 
of  low  pass  data  niters  is  provided.  Additionally, 

subcarrier  analysis  work  for  telemetry  system  checkout 

is  facilitated  by  the  use  of  normalized  band  pass  and 

low  pass  filters.  The  discriminator  is  designed  for  use 

with  the  Bendix  tape  compensation  system. 

For  complete  information  write  Bendix-Pacific 
Instrumentation  Facility,  7250  Laurel  Canyon, 

North  Hollywood,  Calif.,  or  our  area  offices  in  New  York, 

Dayton,  Washington  or  Seattle. 

Brief  Specifications 

Dynamic  input  range:  60  db  without  adjustment. 
Monitoring:  Input  and  output  meters,  subcarrier 

signal  test  points  are  provided. 
Linearity:  05  % 
Stability:  0.25%  for  15  hours. 
Output  current:  300  ma 
Size:  5%"  panel  height  in  standard  rack 

Bendix-Pacific  Division 

Circle  No.  1   on  Subscriber  Service  Card 



purposeful  imagination.... in  concept 

The  men  of  Aerospace,  a  corporation  chartered  exclusively  to  serve  the  United  States  Government,  blend  the  full 

resources  of  modern  science  and  technology  in  developing  concepts  for  advanced  ballistic  missile  and  space  systems. 

□  With  the  Air  Force-science-industry  team,  the  men  of  Aerospace  marshall  individual  talents  for  the  full 

exploration  and  assessment  of  advanced  concepts,  selected  for  significant  potential.  Aerospace  contributes 

advanced  systems  analysis  and  planning;  theoretical  and  experimental  research;  general  systems  engineering  and 

corresponding  technical  direction  of  programs.  □  Aerospace  Corporation,  an  equal  opportunity  employer,  now  needs 

more  men  to  meet  these  responsibilities.  Highly  skilled  engineers  and  scientists  with  advanced  degrees,  knowledgeable 

in  interdisciplinary  problem  solving,  are  urged  to  contact  Mr.  George  Herndon,  Room  105 ,  Aerospace  Corporation, 

E  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public 

interest  and  dedicated  to  providing  objective  leadership  in  the  advancement  |^C]JC)  R^PC)  R-./VTIO and  application  of  science  and  technology  for  the  United  States  Government.   2400  east  el  secvndo  blvd..  el  segundo,  California 
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The  Calibre  of  An  Aerospace  Organization  is  Evidenced  by  the  Calibre  of  the  Problems 
Put  To  It  by  its  Customers  —  and  by  the  Company  to  its  Engineers 

Engineers,  Scientists 

whats  your  opinion: 

ON  HOW  TO 
CREATE 

A  REALISTIC 
SPACE  SIMULATOR? 

This  is  a  question  put  to  Bell  Aero- 
systems  last  year  by  the  Air  Force.  If 
you  had  been  a  member  of  Bell's technical  staff  then,  you  might  have 
been  one  of  those  who  developed  the 
space  environment  simulation  concept 
now  being  engineered  into  actuality 
here.  It  is  based  upon  a  high-resolu- 

tion, closed-loop  television  system 
superimposing  images  generated  by  3 
studios.  Many  stimulating  problems, 
however,  remain  to  be  solved  in:  de- 

velopment of  an  electronic  planetar- 
ium, real  time  digital  flight  dynamics, 

television  image  insetting  techniques, 
TV  noise  alleviation  techniques. 

ON  HOW  TO 
PROVIDE  OPTIMUM 

VEHICLE  TOUCHDOWN 
DISPERSIONS  WITH  A 
FULLY  AUTOMATIC. 
ALL-WEATHER 

LANDING  SYSTEM? 

Your  informed  opinions  on  any  as- 
pect regarding  landing  of  boosters  or 

space  vehicles  will  receive  thorough 
consideration.  Bell  engineers  have  al- 

ready created  a  system  in  landing 
conventional  aircraft  providing  a  30% 
improvement  in  this  area,  as  demon- 

strated by  4000  landing  tests  made 
by  U.S.  Navy  and  Air  Force  planes. 
Vehicle  landing  systems  and  special- 

ized equipments  are  advanced  con- 
cepts now  under  study. 

V 
I 
I 

—  I  - 

\  A /  v 
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ON  HOW  TO 
PROVIDE  AN  ASTRONAUT 

WITH  POSITIVE, 
FLEXIBLE  STEERING  CONTROL 

IN  SPACE? 

Your  answer  will  certainly  contain 
the  statement  that  much  depends  upon 
the  particular  space  mission  but  that 
reaction  controls  will  be  the  founda- 

tion of  the  system. 
This  revolutionary  concept  was 

originated  by  Bell  engineers  for  Bell's own  X-1B  high  altitude  research 
plane.  More  refined  Bell  Systems  were 
developed  for  the  X-15,  Mercury  cap- 

sule, Agena  booster/satellite  and 
Centaur  program.  Bell's  Reaction Controls  are  applicable  to  missiles, 
satellites,  re-entry  vehicles  —  indeed, 
any  object  requiring  a  continuous/ 
intermittent  or  variable  thrust  vector. 
One  unique  recent  application  is  the 
Bell  rocket  belt  for  the  infantry  man. 

The  three  problems  high-lighted  above  are  representative  of  the  wide  range  of  unusual 
challenges  offered  engineers  at  Bell.  Others  concern  such  diverse  projects  as  advanced 
Agena*  rocket  engines  for  NASA's  Ranger  and  Marine  vehicles;  Hydroskimmer  (air 
cushion)  amphibians  for  the  U.S.  Navy;  battlefield  surveillance  systems;  automatic  check- 

out equipment;  missile  &  drone  recovery  systems.  Another  important  field  at  Bell  is  Inertial 
Guidance  and  Navigation  Systems,  many  of  which  employ  an  appropriate  member  of  Bell's 
family  of  Hipernas**  inertial  platforms.  //  you  tvould  like  to  pit  your  talents  against  tough- 
calibre  problems,  look  into  current  openings  ivith  Bell. 
•Bell's  Agena  —  most  reliable  rocket  engine  yet  designed.  Already  used  in  Discoverer  program.  Midas,  other  satellites. 

•'Hipernas  (High  PERtormance  NAvlgational  System)  —  the  most  accurate,  pure-inertlal.  self -compensating  navigation  and 
guidance  systeoi  known. 

INERTIAL  GUIDANCE 
Various  degree  levels  with  2  to  8  years  specific 
experience  in  one  of  the  following  areas:  logic 
design  and  magnetic  memory  development;  low 
frequency  design  and  development  involving 
servos;  systems  and  component  testing,  re- solver  chains,  gyros,  accelerometer  integrators; 
inertial  instrument  development. 

RADAR 
MS  with  5  to  10  years  research  and  develop- 

ment experience  on  radar  equipment,  pulse  cir- 
cuitry, feed-back  circuits,  CW  covering  full 

frequency.  Openings  also  in  Tucson,  Arizona. 

ELECTRONIC  SYSTEMS 
MS  preferred,  with  minimum  5  years  experience 
for  synthesis  and  analysis  of  advanced  systems 
such  as  air  traffic  control,  target  locators,  vis- 

ual simulators  and  feed-back  controls.  Openings also  in  Tucson,  Arizona. 

SYSTEMS  ENGINEERING 
BS  in  ME,  Applied  Math,  AE  or  Physics.  Experi- 

enced in  the  dynamics  of  closed-loop  systems, 
guidance,  mechanics  of  vehicle  flight,  space 
mechanics,  analog  and  digital  computing 
systems. 

Please  address  resumes  to  Mr.  George  Klock 

BELL  AEROSYSTEMS  CO. 

DIVISION  OF  BELL  AEROSPACE  CORPORATION  -A  tgXtTOjjj  COMPANY 
An  Equal  Opportunity  Employer  P.O.  Box  *1,  Buffalo  5,  New  York 
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letters 

A  Man's  a  Man  for  A'  That 
To  the  Editor: 

In  M/R,  Jan.  1,  I  took  particular  note 
of  Associate  Editor  Heather  David's  article 
("Scientist/Engineer  Shortage  Worsens,"  p. 12)  on  the  increasing  shortage  of  graduate 
engineers  as  related  to  the  Aerospace  In- 

dustry and  government. 
This  article  notes  that  approximately 

106,000  new  scientists  and  engineers  will 
be  required  annually  through  1970,  or 
roughly  60%  more  than  were  awarded 
degrees  in  1960.  This  is  very  rough  in- 

deed! I  agree  wholeheartedly  with  the 
NASA  philosophy  of  developing  a  greater 
level  of  interest  in  engineering  and  science 
on  the  high  school  level,  and  this  effort 
can  be  even  more  fruitful  with  industry's 
participation.  The  theory  is  great,  but 
what  of  the  critical  six  to  eight  years  im- 

mediately facing  us? 
I  believe  that  Mrs.  David  touched  on 

the  answer  to  this  critical  question  in  her 
statement  that  "the  only  other  source  is 
persons  without  degrees."  As  an  unlettered 
professional  directly  and  indirectly  asso- 

ciated with  the  missile  industry  for  the 
past  seven  years,  I  have  had  occasion  to 
examine  this  possibility  quite  thoroughly. 
My  contention  is  that  the  non-graduate 
"semi-professional"  can  and  will  be  the answer  to  the  problem. 

To  make  use  of  this  able  pool  of  man- 
power, both  industry  and  government  must 

take  a  long  look  at  their  respective  meth- 
ods of  qualifying  personnel  for  specific 

positions.  Many  organizations  have  missed 
the  services  of  numerous  well-qualified, 
ambitious  and  deserving  applicants  merely 
because  the  organizations'  minimum  quali- fication requirements  were  set  too  high  for 
the  positions  offered.  When  industry  and 
government  come  to  the  realization  that 
"something  must  be  done"  let  that  some- 

thing be  the  utilization  of  the  semi-profes- 
sional. Many  excellent  graduate  engineers 

now  functioning  in  administrative  and 
semi-technical  positions  could  then  be  re- 

leased to  practice  technically  in  their 
chosen  career  fields. 

With  the  grinding  of  my  ax  completed, 
let  me  add  that  the  non-graduate  who 
does  manage  to  succeed  in  our  present 
technical  society  must  have  a  lot  on  the 
ball.  'Nuff  said. 

Warren  E.  Hanson 
Senior  Planning  Engineer 
Martin  Marietta  Corp. 
Aerospace  Division Denver 

To  the  Editor: 
I  have  just  read  with  much  interest 

your  article  on  the  worsening  shortage  of 
scientists  and  engineers. 

Why  the  decrease?  Another  theory 
that  you  may  add  to  those  that  have  been 
propounded  regarding  shortage  of  engi- 

neers is  that  many  so-called  "old"  engi- 

neers (45  to  65  years  of  age)  have  been 
cast  out.  These  "old"  engineers  can  save millions  of  dollars,  in  time  wasted  by 
young  engineers,  due  to  their  past  experi- 

ence in  design  because  they  do  not  have 
to  go  through  that  trial-and-error  period 
all  engineers  have  to  go  through.  Also, 
more  experienced  supervision  of  groups  of 
young  engineers  is  the  answer  to  this 
shortage  problem.  Why?  Because  young 
engineers  are  thrown  into  problems  that 
they  cannot  cope  with  due  to  their  limited 
college  training;  therefore  they  have  been 
pushed  into  the  background  in  so  many 
companies  that  did  not  take  the  time  to 
develop  their  initial  knowledge  through  the 
experience  of  older  and  more  farsighted 
engineers.  What  happens?  The  young 
engineers  advise  their  friends  that  the 

engineering  profession  is  "for  the  birds" and  to  go  into  something  else. 
Engineers  are  developed  not  in  a  day 

or  a  month  or  a  year,  but  through  con- 
stant training  based  on  hard-core  experi- 

ence. 
This  letter  is  being  written  for  two 

reasons — first,  I  am  one  of  those  "old" engineers  (52  years  of  age)  trying  to  get 
a  job  either  with  NASA,  with  Chrysler, 
or  with  one  of  the  other  large  government 
contractors,  but  with  no  success.  I  have, 
as  most  "old"  engineers  have,  the  ability 
to  supervise  the  design  and  development 
of  the  ideas  of  those  few  geniuses  who  will 
be  responsible  for  our  space  program. 

Second,  if — and  I  have  seen  this  in 
quite  a  few  places — companies  would  re- 

frain from  using  engineers  in  strictly 
clerical  jobs,  there  would  not  be  an  acute shortage. 

Harold  A.  Weinbaum,  PE 
Sheffield,  Ala. 

Spotting  Nike-Zeus 
To  the  Editor: 

Your  issue  of  January  1  contains  an 
article  on  page  8  ("Shots  of  the  Week") 
concerning  the  Nike-Zeus  A-ICBM  test 
over  White  Sands  Missile  Range,  Dec.  14. 

The    accompanying    photograph    was  i 
that  of  a  64-gram  pyrotechnic  flash  charge  I 
produced  by  the  Pyrotechnics  Laboratory 
here,  which  is  used  for  spotting  purposes 
and  not  that  of  an  explosive  burst. 

Stanley  Resnick Assistant  Chief 
Pyrotechnics  Laboratory Ordnance  Corps 
Picatinny  Arsenal 
Dover,  N.  J. 

Navy  RDT&E  Report 
To  the  Editor: 

Congratulations  on  your  excellent  re- 
port on  Navy  research  and  development  in the  Jan.  1  M/R. 

R.  W.  Sheehy 

Electronic  Systems  and 
Products  Div. 

Martin  Marietta  Corp. Baltimore 

INERTIAL  GUIDANCE 

Represents 
one  of 
many 

applications 

Autocollimation 

to  solve 

Alignment 
Problems 
of  a  highly 

precise 
nature. 

The  KERN  DKM2 

When  equipped  with  the  new  No.  356  Autocollimating  Eyepiece, 
this  famous  one-second  theodolite  has  a  total  magnification  of  23x  and 
an  operating  range  from  zero  to  at  least  100  feet  for  autocollimation. 

Write  for 
technical  data 

and 
specifications The  FINEST  in  SURVEYING  EQUIPMENT 

KERN  INSTRUMENTS  INC. 
120  Grand  St.,  White  Plains,  N.  Y. 
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I USAF/AWCS-412-L  |  Consisting  of  a  closely  coordinated  network  of  data 
acquisition  stations,  data  processing  and  display  centers  and 
weapon  bases,  Air  Weapons  Control  System  412-L  provides  the  tools 
for  effective  and  flexible  air  space  management,  continent-wide  or 

in  single  point  defense.  Vital  detection  and  tracking  information  is 
supplied  automatically  to  human  decision-makers  within  seconds. 
Effective  direction  of  both  manned  and  unmanned  weapons,  includ- 

ing return  of  manned  aircraft  to  base,  is  a  system  function. 

412-L 
EXPANDING 

as  program  moves  ahead  in  advanced  development  phase 

If  you  are  one  of  the  fast-growing  group 
of  scientists  and  engineers  who  recog- 

nizes the  unequaled  career  advantages 
and  satisfactions  to  be  gained  through 
work  on  very  large-scale,  complex  sys- 

tems, we  urge  you  to  scan  this  abbre- 
viated list  of  current  openings  on  4 1 2-L. 

If  your  background,  experience  or  in- 
terests are  represented,  write  us  today. 

We  promise  you  a  careful  review  of 
your  qualifications  and  a  prompt  reply. 
COMMUNICATION  SYSTEMS 
Training  in  information  theory  and  switching 
theory;  broad  experience  in  both  RF  and  wire 
communication  systems  design,  especially  auto- 

matic subscriber  and  dial  systems;  to  determine 
and  specify  characteristics  for  intra-  and  inter- 
site  command  and  control  complexes. 
OPERATIONS  ANALYSIS 
Involves  synthesis/analysis  of  computer  oriented 
weapons  control  systems  (ground/air  environ- 

ments) from  an  operational  standpoint.  Estimates 
system  (personnel  &  equipment)  capabilities; 
derives  and  evaluates  system  procedures  using 
analyses  and  computer  simulation  as  tools. 
BS/MS  -  minimum  3  years  experience. 
EQUIPMENT  EVALUATION 
Solving  man-machine  problems,  evaluating  alter- 

native components,  displays,  or  techniques,  de- 
vise simulators.  Advanced  degree  in  experimental 

psychology  required. 

An  Equal  Opportunity  Employer 

SYSTEM  EQUIPMENT  ANALYSIS 
Performs  analysis  on  system-equipments  and 
their  functions;  derives  criteria  and  parameters 
to  meet  operational  requirements.  Work  in  areas 
of  signal  processing,  detection,  tracking  and  digi- tal communications.  Requires  BS/MS/EE/Physics/ 
Math— knowledge  of  simulation  techniques,  feed- 

back theory,  probability  and  information  coding 
desirable.  3  years  experience. 
WEAPONS  INTEGRATION 
Determines  and  specifies  optimum  weapon  utili- 

zation. Specifies  weapon  interfaces  to  equip- 
ment designers  to  insure  system  compatibility. 

Support  /  provide  analytical  inputs  relative  to 
weapons  capabilities;  analytical  studies  to  assure 
optimum  weapon  employment  within  specific 
computer  capabilities.  BS/MS.  2  years  manned/ 
unmanned  weapons  system  experience. 

INFORMATION  PROCESSING 
&  DISPLAY  SYSTEMS 
Training  in  information  and  statistical  theory; 
broad  experience  in  design  and  integration  of 
tactical  and  strategic  data  processing  systems; 
to  define  system  parameters,  identify  interface 
problems,  perform  math  analyses  of  control  loops 
as  applied  to  real-time  processing  and  display 
systems. 

TECHNICAL  WRITERS 
Creation  of  systems  manuals,  engineering  re- 

ports, proposals;  required  is  at  least  2  years  of 
technical  education  with  minimum  of  5  years  in 
engineering  writing.  Knowledge  of  graphic  arts 
techniques  would  be  helpful. 
PROGRAMMING  ANALYSIS 
Degree  required.  Math  background;  2  years 
experience  on  medium/large-scale  digital  com- 

puters solving  real-time  military  operational problems.  Activity  ranges  from  problem  analysis 
to  program  development,  including  flow  dia- gramming, coding  and  debugging  in  the  utility 
control,  simulation  and  operation  areas. 
ANTENNA  &  MICROWAVE  COMPONENTS 
BSEE,  advanced  degree  preferred;  experience 
with  high  power  phenomenon,  antenna  develop- ment, RF  plumbing, modulators,  transmitters  and 
receivers. 
APPLIED  MATHEMATICS 
Performs  mathematical  analyses  on  all  phases 
of  ground  electronic  control  systems.  Utilizes 
probability  theory,  numerical  analysis,  complex 
variables;  knowledge  and  utilization  of  analog/ 
digital  computers  desirable.  BS/MS  Math  re- 

quired; 2  years  experience  on  applied  math 
problems  in  engineering  field. 

Write  in  confidence  to  Mr.  P.  W.  Christos,  Div.  73-WC 
DEFENSE  SYSTEMS  DEPARTMENT  (A  Department  of  the  Defense  Electronics  Division), 

General  Electric,  Northern  Lights  Office  Building  — Syracuse,  New  York 

GENERAL ELECTRIC 



when  you  need  POWER  IN  THE  AIR 

DEPEND  ON 

NICKEL  CADMIUM 

RIES 

RELIABILITY  OF 
PERFORMANCE  IN 

ROCKET,  MISSILE  AND 
AIRCRAFT  CONTROL, 
GUIDANCE,  TELEMETERING, 
EMERGENCY  LIGHTING, 
ALARMS,  SIGNAL  EQUIPMENT 

TIME 

One  of  the  main  advantages  of  nickel  cadmium 
batteries,  as  compared  with  other  systems,  is  the 
constant  voltage  during  discharge  —  even  under 
extremely  heavy  loads.  Shown  above  is  a  typical discharge  curve. 

■  On  the  ground  or  in  the  air,  there  can  be  no  'second  guess' in  specifying  a  basic  power  source  to  operate  the  control, 
guidance  and  telemetering  systems  for  aircraft  and  space 
vehicles.  Design  engineers  are  specifying  NICAD  Nickel  Cad- 

mium Vented  Cells,  with  assurance,  for  their  extreme  reliability 
and  uninterrupted  dependability  in  such  critical  applications. 

NICAD,  the  foremost  nickel  cadmium  alkaline  storage  batteries 
in  service  today,  are  widely  used  by  power  plants,  utilities, 
hospitals,  airports  and  industry.  Under  extreme  conditions 
they  have  provided  maximum  performance  instantly  and 
efficiently.  The  all-steel  construction — virtually  indestructible — 
and  non-corrosive  electrolyte  give  NICAD  batteries  a  greater 
life  expectancy  than  that  of  any  other  type  of  battery. 

All  these  features,  coupled  with  exceptionally  long  shelf  life 
when  on  open  circuit  stand,  result  in  an  economical,  dependable 
power  source. 
Here  is  round-the-clock  readiness  for  the  most  critical  application. 
Get  the  full  POWER  story  from  NICAD.   Write  ... 

GOULD 
NATIONAL 

NICAD  BATTERY  DIVISION 

GOULD-NATIONAL BATTERIES,  INC. 
E-H25  1st  National  Bank  B St.  Paul  1,  Minnesota 
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The  Countdown 

WASHINGTON 

Big  Solids  and  the  Hill 

Congress  is  almost  certain  to  take  a  hard  look  at  the 
Kennedy  Administration  decision  to  put  off  the  urgent 
development  of  Nova-class  solid  boosters  (see  p.  13). 
The  House  Space  Committee  was  one  of  the  big  backers 
last  year  of  an  all-out  solid-fuel  booster  program.  It  may 
not  feel  too  kindly  about  finding  that  virtually  nothing 
has  been  done  on  the  program  in  the  past  six  months. 

Military-Man-ln-Space 
The  Air  Force  is  ready  to  zero  in  on  Congress  with 

some  facts  and  figures  on  the  Soviet  threat  in  space. 
Several  highly  placed  Air  Force  officials  have  been  spread- 

ing the  word  that  the  Russian  threat  is  "obvious" — and 
that  it  is  high  time  the  U.S.  got  military  spacecraft  devel- 

opment off  the  ground. 

ComSat  Action  Coming 

President  Kennedy  has  put  his  stamp  of  approval  on 
an  Administration  plan  to  provide  wide  ownership  of  a 
commercial  communications  satellite  program.  Legisla- 

tion to  implement  the  plan  is  expected  to  be  handed  to 
Congress  shortly. 

Soviet  Space  Report 

Look  for  what  could  be  a  jolt  to  the  U.S.  space  pro- 
gram: a  staff  report  from  the  Senate  Space  Committee 

on  Soviet  space  progress.  The  report  will  be  out  in  a 
month  or  two.  The  committee's  staff  also  has  reports  due 
on  communications  and  weather  satellites  and  U.S.- 
international  space  programs. 

Missile  Destroyer  Squadron  Readied 

The  Navy  expects  to  deploy  its  first  missile  destroyer 
squadron  on  July  1.  Operating  out  of  Norfolk,  Va.,  the 
nine-ship  squadron  will  all  be  armed  with  Asrocs  and 
either  Tartars  or  Terriers. 

Men  from  Ward  8 

Countdown  hears  the  Air  Force  is  launching  a  new 
program  to  monitor  the  mental  condition  of  personnel  in 
its  strategic  strike  forces — from  missile  pads  to  bombers. 
Reason:  To  make  sure  no  one  headed  for  a  crack-up  is 
allowed  to  handle  nuclear  weapons. 

INDUSTRY 

Bullpup,  Sparrow  III  Outlook  Bullish 

The  apparent  Air  Force  preference  for  the  Navy- 
McDonnell  F4H  for  tactical  and  close  support  missions 
may  result  in  more  production  for  the  Martin  Bullpup. 

Likewise,  if  the  Air  Force  chooses  the  F4H  for  air-defense 
intercept  missions,  orders  probably  will  go  up  for  the 
Raytheon  Sparrow  III. 

Okay  for  Advanced  Saturn  Complex 

NASA  is  asking  for  funds  in  the  FY  '63  budget  to 
build  a  three-pad  complex  at  the  Cape  for  the  Advanced 
Saturn.  It  will  have  a  canal-barge  transportation  link. 
Completion  date  is  expected  late  in  1964 — in  time  for 
the  first  scheduled  launch  in  1965. 

Wooldridge  Steps  Out 

Effective  Feb.  1,  Dr.  Dean  E.  Wooldridge  is  resigning 
as  president  of  Thompson  Ramo  Wooldridge  Corp.  Rea- 

son: "in  order  to  devote  his  time  to  scientific  and  techni- 
cal studies  and  activities."  Wooldridge  will  continue  as 

a  director  of  both  TRW  and  its  subsidiary,  Space  Tech- 
nology Laboratories.  His  replacement:  TRW  v. p.  and 

general  manager  H.  A.  Shepard. 

R&D  Intelligence 

The  British  are  getting  ready  for  advanced  testing 
of  the  Skybolt  ALBM  at  Eglin  AFB  using  Vulcan 
bombers  .  .  .  NASA's  Marshall  Space  Flight  Center  will 
conduct  cold  tests  on  the  new  RL-10  hydrogen  rocket 
engine  next  month  and  move  into  hot  tests  in  March  .  .  . 
The  Air  Force  Logistics  Command,  which  lost  a  build- 

ing in  a  fire  at  Wright-Patterson  Field  in  November,  is 
asking  companies  to  resubmit  data  or  reference  material 
to  the  Packaging  and  Materials  Handling  Division — which 
had  its  records  destroyed. 

INTERNATIONAL 

Vigilant — Two  Warheads 

The  British  are  fitting  the  new  Vigilant  antitank  mis- 
sile with  a  hollow-charge  warhead  for  use  with  the 

British  Army.  For  export  models,  the  missile  will  have 
the  Swiss  "Energa"  warhead  made  by  Constructions 
Mechanique  du  Leman. 

French  Gear  Up  Missile  Sales 

A  Department  of  Expansion  and  Exportation  has  been 
established  in  the  French  Defense  Ministry.  The  new 
agency  will  bring  new  weapons — including  missiles — to 
the  attention  of  potential  foreign  buyers. 

Cosmoplane  vs.  Aerospace  Plane 

What  apparently  would  be  a  counterpart  of  the  U.S. 
Aerospace  Plane,  the  Cosmoplane,  is  being  proposed  by 
Soviet  aircraft  designer  Artem  Mikoyan.  He  envisions 
a  spaceship  which  would  be  launched  by  multi-staged 
rockets  and  be  capable  of  operating  both  in  space  and 
the  atmosphere. 

missiles  and  rockets,  January  15,  1962 9 



[TEMPERATURE:  — 100°  TO  +250°F  j 

accelerometers 

and  switches 

j  FOR  RUGGED,  DEPENDABLE  SERVICE  j 

Genisco's  Accelerometers  are  made  to  with- 
stand the  rigorous  environments  of  today's 

aircraft  and  missiles.  Genisco  offers  many 
models,  including  the  GAH  acceterometer 
and  GBS  switch  which  operate  reliably  even 
during  high  vibration  and  shock.  Hermetically 
sealed  gas  damping  gives  accurate,  uniform 
response  over  a  wide  temperature  range. 
Miniature  sizes,  lightweight.  Standard  or 
custom  models  available  in  many  configura- 

tions and  sizes.  Write. 

(jenisco 

2233  Federal  Ave.,  Lot  Angeles  64,  California 

The  Missile / Space  Week 

Soviet  Space  Threat 

'Increasingly  Obvious' 

The  Air  Force  is  renewing  its 
drive  for  a  military  man-in-space  pro- 

gram. Addressing  an  Aerospace  Medi- 
cine meeting  at  San  Antonio,  Tex., 

Maj.  Gen.  C.  H.  Mitchell  said  the 
"Russian  threat  in  space  is  becoming 
obvious. 

"The  two  Russian  manned  orbital 

flights  are  not  isolated  events,"  said the  vice  commander  of  the  Air  Force 
Systems  Command. 

"They  are  the  latest  accomplish- 
ments of  a  carefully  planned,  single- 

minded  Soviet  effort  to  achieve  a 
manned  military  capacity  in  space. 
For  the  Soviets  realize  that  if  they 
can  determine  a  way  to  dominate 
space  they  may  be  in  a  position  to 
dominate  the  world. 

"Clearly  it  is  our  responsibility  as 
a  nation  to  insure  that  space  is  used 
to  benefit  all  mankind. 

"We  can  insure  this  only  through 
development  of  the  ability  to  conduct 
military   operations   in    space  with 

maximum  effectiveness." 
Besides  being  better  than  ma- 

chines, Mitchell  said,  man  also  has 
a  potential  role  in  satellite  and  missile 
observation  systems. 

"As  an  observer,  he  could  main- 
tain watch  over  events  occurring  on  or 

near  the  earth's  surface,  such  as  troop, 
ship,  aircraft,  missile,  or  satellite 
movements.  His  ability  to  observe, 
evaluate  and  make  judgments  could 
provide  an  information  filter  that 
would  reduce  the  requirement  for 
complex  electronic  data  storage  and 

transmission  equipment." 

Shots  of  the  Week 

A  successful,  3200-mile  shot  from 
an  underground  silo  put  the  Air 
Force's  Minuteman  "instant  ICBM" 
program  back  on  schedule  last  week. 

The  launch,  on  Jan.  5,  was  the 
third  success  in  a  row  for  the  Minute- 
man  from  its  buried  silo  launch  pad. 
A  top  official  close  to  the  program 

said  the  shot  "put  us  right  back  on 

schedule." 
This  means  that  barring  any  major 

Creating  Frictionlessness  for  Centaur 

GENERAL  DYNAMICS  I  Astronautics'  new  space  vehicle  simulator  designed  to  check 
Centaur's  control  system  under  space  conditions.  The  test  stand  duplicates  the  friction- 
less  state  the  launch  vehicle  encounters  while  coasting  in  orbit. 
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SNAP  Unit  Atop  Agena 
NEWLY  RELEASED  photo  of  SNAP 
I  OA  pay  load  on  Agena  launch  vehicle.  It 
will  be  used  as  orbiting  vehicle  in  AEC 
tests  of  nuclear-electric  power  systems. 

problems  the  first  nuclear-tipped  mis- 
sile will  be  installed  in  an  operational 

launching  silo  later  this  year. 
The  launch  was  the  seventh  in  the 

Minuteman  series.  The  first  launch 

from  a  "silo"  was  unsuccessful,  but 
the  problem  has  been  solved  in  the 
last  three  launches.  The  Air  Force 
recently  awarded  The  Boeing  Co.  a 
$32.7-million  contract  for  research, 
development  and  testing  of  the  mis- 
sile. 

In  another  launch  development, 
the  engine  of  the  X-15  research  plane 
failed  to  ignite,  but  the  pilot  glided 
the  craft  to  a  safe  emergency  landing. 

It  was  the  first  time  in  the  2Vi 

years  and  47  launchings  of  the  re- 
search program  that  the  rocket  plane's 

engine  failed  to  ignite  following  the 
drop  from  the  B-52  mother  plane. 

Navy  Cmdr.  Forrest  S.  Peterson 
was  at  the  controls  of  the  flight,  which 

was  to  test  the  plane's  stability  at 
various  angles  of  flight  attack. 

Goldberg  Calls  on  Martin 

Labor  Secretary  Arthur  Goldberg 
will  visit  the  Baltimore  plant  of 
Martin  Marietta  Corp.  this  week  to 
examine  the  impact  of  layoffs  result- 

ing from  government  procurement 
policies. 

Goldberg  said  he  wanted  to  make 
a  case  study  of  the  Baltimore  situ- 
ation. 

About  2500  skilled  employees 

missiles  and  rockets,  January  15,  1962 

were  laid  off  at  the  plant  recently, 
shortly  after  Martin  failed  to  obtain 
the  prime  contract  for  development 
of  the  Apollo  spacecraft. 

McNamara  Booked  Solid 
In  Congressional  Hearings 

Military  posture  hearings  are 
scheduled  tentatively  Jan.  19  before 
the  Senate  Armed  Services  Com- 
mittee. 

Secretary  of  Defense  Robert  Mc- 
Namara will  make  the  principal  state- 

ment during  the  hearings,  which  are 
expected  to  require  two  or  three  days. 

The  House  Armed  Services  Com- 
mittee will  hold  similar  hearings  on 

Jan.  24-27. 
McNamara  will  also  testify  on 

budget  requests  for  military  construc- 
tion before  the  Senate  committee  in 

the  last  week  in  January  and  the 
House  committee  in  the  first  week  in 
February. 

The  backbreaking  schedule  will 

show  whether  McNamara's  honey- 
moon with  Congress  is  over. 

Last  year,  he  got  all  the  funds 
he  wanted,  and  several  items,  such 
as  more  bomber  money,  which  he  did 
not  want. 

Controversial  developments,  prin- 
cipally involving  U.S.  Reserve  forces, 

may  spell  trouble  for  the  former  Ford 
Motor  Co.  president. 

The  House  Military  Appropri- 
ations committee,  headed  by  Rep. 

George  H.  Mahon  (D-Tex.)  has 
scheduled  the  Defense  Department 
Secretary  for  a  week-long  appear- ance. 

The  Senate  Armed  Services  Sub- 
committee, headed  by  Sen.  John  Sten- 

nis  (D-Miss.)  will  begin  on  Jan.  23 
a  prolonged  study  of  DOD  security 
review  and  public  information  pro- 

cedures. Main  topics  which  will  be 
discussed  include:  details  of  censor- 

ship of  more  than  1500  speeches  by 
the  Administration,  troop  education 
and  indoctrination  methods,  policies 
related  to  armed  services  public  infor- 

mation seminars. 

Another  Underground  A-Shot 

The  U.S.  exploded  another  low- 
yield  nuclear  test  shot  last  week — 
the  first  in  1962. 

The  Atomic  Energy  Commission 
defined  the  shot  as  one  having  an  ex- 

plosive force  of  less  than  20,000  tons 
of  TNT. 

CRYOGENICS 

Write  us  for  low  temperature,  high  vacuum 
equipment  to  use  in  your  liquid  hydrogen  work! 

•  Hydrogen  Liquefiers 

•  Hydrogen  Cryostats 
•  Valves  and  Lines 

•  Liquid  Storage  and  Transport 

•  Refrigerators  20  -30°  K 

Liquid  hydrogen  provides  an  ideal  medium  for 
research  in  the  range  of  20°-30°K.  Cryenco engineers  have  pioneered  many  of  the  phases  of 
work  in  this  area.  Today,  these  men  are  avail- 

able to  you  for  production  of  equipment  and 
hardware  that  you  need  — both  standardized  and 
custom  built.  An  example  of  the  background  of 
these  men  is  the  fact  that  Cryenco  engineers  have 
worked  on  all  of  the  major  refrigerator-liquefiers 
used  for  hydrogen  bubble  chambers  in  the  free 
world.  A  2,570  watt,  208  liters/hour  hydrogen 
refrigerator-Iiquefier  is  now  under  construction 
in  our  plant.  Hydrogen  dewars  and  cryostats  are 
being  designed  and  fabricated  from  small  sizes 
up  to  railroad  tank  car  capacities.  Cryenco  men 
are  ready  to  go  to  work  on  your  hydrogen  equip- 

ment problems— free  your  physicists  and  engi- neers for  fundamental  work.  Write  for  standard 
equipment  catalog,  or  send  us  your  specific  re- quirements for  our  quotation. 

Cryogenic  Engineering  Co. 
230  W.  48th  Ave.,  Denver  76,  Colo. 

Low  Temperature,  High  Vacuum 
Equipment  and  Engineering 



Opportunities  for: 

Aerospace 

Vehicles  Engineers 

The  Aerospace  Vehicles  Laboratory  of  the  Space  Systems  Division  has  openings  for  nearly 
one  hundred  engineers  who  have  experience  in  stress,  structures,  propulsion,  mechanisms, 
control  systems,  equipment  installation  or  heat  transfer  which  can  be  applied  to  advanced 
aerospace  weapons  systems  or  vehicles.  The  Aerospace  Laboratory  is  concerned,  as  a  result  of 
SURVEYOR  and  other  contracts,  with  lunar  and  space  exploration,  air  to  air  missiles  and  ICBM 
defense  systems.  The  openings  are  for  both  junior  and  senior  mechanical  engineers,  electronic 
engineers,  physicists  and  aeronautical  engineers.  Some  of  the  openings  are  described  below: 

Structures 

Senior  Dynamicist.  Must  be  cap- 
able of  performing  advanced 

analysis  in  structural  mechanics. 
Will  be  required  to  calculate  re- 

sponse of  complex  elastic  sys- 
tems to  various  dynamic  inputs 

including  random  excitation.  Must 
be  capable  of  original  work  in 
developing  advanced  analytical 
techniques. 
Loads  Analyst.  To  establish 
structural  design  criteria  for  ad- 

vanced missiles  and  spacecraft. 
Should  be  capable  of  determin- 

ing external  airload  and  inertial 
force  distributions. 
Reliability  Analyst.  To  perform 
statistical  analysis  of  structural 
loads  and  strength  properties  for 
the  purpose  of  establishing  struct- 

ural reliability  criteria  on  a  prob- 
ability basis. 

Stress  Analyst.  To  perform  ad- 
vanced stress  analysis  of  com- 

plex and  redundant  missile  and 
spacecraft  structures.  Will  be 
required  to  solve  special  pro- 

blems in  elasticity,  plasticity, 
short  time  creep  and  structural 
stability. 
Design.  Experience  is  required 
in  preliminary  and  final  struct- 

ural engineering  and  design,  in- 
cluding preliminary  stress  anal- 

ysis. A  knowledge  of  the  effects 
of  extreme  temperature  environ- 

ment and  hand  vacuum,  plus  a 
background  in  materials  is  de- sired. 

Heat  Transfer 

Space  Vehicle  Heat  Transfer. 
Basic  knowledge  of  radiation 
conduction  and  convection  heat 
transfer  with  application  to  ther- 

mal control  of  space  vehicles  is 
required.  Knowledge  of  spec- 

trally-selective radiation  coating, 
super-insulations  and  thermal 
vacuum  testing  is  of  particular 
value. 

Aerothermodynamicist.  Experi- 
ence in  hypersonic  real  gas  dy- 

namics, heat  transfer,  abalation; 
re-entry  vehicle  design,  detec- 

tion; shock  layer,  wake  and  rocket 
exhaust  ionization;  and  anti-mis- 

sile system  requirements  will  be 
most  useful. 

Equipment  Installation 

Packaging  and  Installation  En- 
gineer. To  perform  optimum 

packaging  and  installation  design 
for  missile  and  or  spacecraft 
units,  considering  amount  and 
geometric  shape  of  space  avail- 

able as  well  as  weight  and  center 
of  gravity  distribution  require- 

ments. Must  be  capable  of  ana- 
lyzing structural  adequacy  of  unit 

under  extreme  environmental 
conditions. 

Controls 

Optical  Devices.  Design,  devel- 
opment, procurement  and  test 

operations  are  involved.  Consid- 
erable experience  in  the  field  of 

optical  devices  for  space  applica- 
tions such  as  star,  horizon,  sun 

and  moon  trackers. 

System  Test.  To  plan  and  super- 
vise the  operations  of  a  flight  con- 
trol system  laboratory.  Air  bear- 
ing tables  and  a  wide  variety  of 

optical  mechanical  and  electrical 
equipment  are  involved. 
Control  System  Analysis.  Re- 

quires engineers  at  various  levels 
of  experience  including  senior 
men  capable  of  taking  over-all 
project  responsibility  in  the  syn- 

thesis and  analysis  of  control 
systems. 
CircuitDesign  and  Development. 
Experience  in  design  and  devel- 

opment of  transistorized  control 
system  circuits,  including  various 
types  of  electronic  switching  and 
modulation  techniques  is  re- 

quired. 
If  you  are  a  graduate  mechanical  engi- 

neer, electronic  engineer,  physicist  or 
aeronautical  engineer,  with  experience 
applicable  to  the  above  openings,  please 
airmail  your  resume  to:  Dr.  F.  P.  Adler, 
Manager,  Space  Systems  Division, 
Hughes  Aircraft  Company,  11940  W. 
Jefferson  Blvd.,  Culver  City  21,  California. 

WE  PROMISE  YOU  A  REPLY  WITHIN  ONE  WEEK 
An  equal  opportunity  employer.  I       |_|        Q  |_|  £  g 

SPACE  SYSTEMS  DIVISION 



Administration  reversal  .  .  . 

Solid  Nova  Priority  Dropped 

Thiokol's  Ritchey  hits  delay  in  multimegapound- 

thrust  boosters  as  a  'national  tragedy'  in  the  making 
by  James  Baar 

THE  KENNEDY  Administration 
has  abandoned  a  decision  made  last 
May  to  develop  a  solid-fueled  Nova 
superbooster  on  an  urgent  basis  for  the 
initial  manned  lunar  landing. 

The  U.S.  will  rely  instead  on  rendez- 
vous using  liquid  boosters,  and  the 

liquid-fueled  Nova  as  a  dual  approach 
to  the  moon. 

This  setback  for  big  solids — partic- 
ularly the  loss  of  more  than  six  months 

of  development  time — is  causing  grave 
concern  in  the  solid-propellant  industry. 
Thiokol  Vice  President  Harold  W. 
Ritchey,  one  of  the  leading  advocates 
of  solid  superboosters,  says  of  the  de- 
lay: 

"If  we  want  to  beat  Russia  to  the 
moon,  we  are  courting  a  national  trag- 

edy." The  15-20-million-lb. -thrust  solid 
superbooster  was  a  major  element  in  the 
greatly  accelerated  space  program  that 
the  President  called  for  on  May  25  in 
an  address  before  a  Joint  Session  of 
Congress.  He  said: 

"We  propose  to  develop  alternate 
liquid-  and  solid-fuel  boosters,  much 
larger  than  any  now  being  developed, 
until  certain  which  is  superior." 

Subsequent  testimony  before  con- 
gressional committees  made  clear  that 

work  on  the  1.5-million-lb. -thrust  F-l 
liquid  engine  and  the  multimegapound- 
thrust  solid  motor  would  proceed  at  the 
same  urgent  pace  over  the  next  two  to 
three  years.  At  that  time,  a  decision 
would  be  made  as  to  which  would  be 
used  to  launch  manned  Apollo  space- 

craft to  the  moon. 
The  Air  Force,  which  was  assigned 

the  solid  superbooster  development  job, 
requested  and  received  from  Congress 
$62  million  —  including  $12  million 
for  facilities — for  the  program  for  FY 
'62,  plus  $15  million  for  work  on  a  new 
upper  stage  for  Titan  II. 

At  the  time,  Dr.  Harold  Brown, 
Pentagon  R&E  Director,  estimated  that 
the  cost  of  developing  a  solid  super- 
booster  suitable  for  clustering  as  a  Nova 

would  total  about  $250  million. 
•  Nothing  doing — In  the  interven- 
ing period,  however,  no  major  steps 

have  been  taken  toward  implementing 
such  a  program.  And  none  appear  im- 

minent. No  facilities  have  been  built — 
and  none  are  in  the  planning  stage. 

Very  little  of  the  $62  million  ap- 
propriated by  Congress  has  been  obli- 

gated— and  this  only  for  "state  of  the 
art"  studies.  When  the  money  is  spent, 
it  is  expected  to  be  redirected  largely 
into  the  120-in.  motor  program. 

Despite  this,  NASA  said  this  week 
when  queried  by  Missiles  and  Rock- 

ets that  there  had  been  "no  change" 
in  the  President's  May  25  decision. 

Nevertheless,  it  is  apparent  in  the 
NASA-directed  Apollo  program  as  it 
stands  today  that  the  agency  is  relying 
entirely  on  large  liquid  engines  for  the 
early  conquest  of  the  moon  and  has 
chosen  to  ignore  a  concurrent  solid  ap- 

proach. Here's  the  plan: 
—Work  on  the  F-l  liquid-fueled 

booster  which  will  be  clustered  into  an 
eight-engine  Nova  will  continue  at  a 
rapid  rate.  This  Nova  would  be  suitable 
for  launching  an  Apollo  directly  from 
the  earth  to  the  moon. 

—Work  on  developing  space  rendez- 
vous techniques  is  being  greatly  ac- 

celerated, along  with  development  of 
the  Saturn  C-5  or  Advanced  Saturn,  a 
cluster  of  five  F-l's. 

—The  Air  Force  will  press  forward 
with  the  development  of  big  solid  boost- 

ers. However,  these  will  be  the  120-in. 
motors  designed  primarily  to  fulfill  mili- 

tary space  requirements  rather  than  the 
approximately  240-in.  motors  proposed 
for  Nova  and  Apollo  launchings  — 
which  Ritchey  says  have  been  proven 
feasible. 

•  Slow  down  —  Air  Force  and 
NASA  officials  still  are  planning  the  de- 

velopment of  solid  multi-megapound 
motors,  but  at  a  much  slower  pace. 
They  are  now  generally  regarded  at  the 
decision-making  level  as  a  "follow-on" 
development  to  the  120-inch  models — ' 

which  will  provide  500,000  to  more 
than  1  million  pounds  of  thrust. 

Ritchey  and  a  number  of  other 
solid  propulsion  experts  both  in  indus- 

try and  the  government  feel  that  this 
approach  toward  solid  superboosters  is 

unnecessarily  crippling  to  America's  ef- forts to  beat  Russia  in  landing  a  man 
on  the  moon.  And  it  is  in  the  light  of 
the  East-West  race  to  the  moon  that 
Ritchey  characterized  delay  in  the  solid 

superbooster  program  as  a  "national 

tragedy." 
"We  ought  to  go  after  the  solid- 

rocket  business  like  we  really  mean 
business,"  he  said  last  week  in  an  inter- 

view with  Missiles  and  Rockets.  "In- 
stead, we  are  finding  all  of  the  reasons 

why  we  shouldn't  do  it." Ritchey  said  that  over  the  years 
solid  propellants  have  continually 
proven  their  value  and — just  as  contin- 

ually— they  have  been  forced  to  prove it  over  again. 
"The  pattern  has  been  pretty 

steady,"  he  said.  "We  wasted  a  lot  of 
money  on  liquid  IRBM's  and  then  went to  the  solid  Polaris  and  Pershing.  We 
wasted  a  lot  of  money  on  liquid 
ICBM's,  then  finally  went  to  the  solid Minuteman. 

"Now  we  see  the  same  thing  hap- 
pening on  the  big  boosters.  The  prob- 

lem, as  usual,  is  the  lack  of  confidence 
and  experience  in  solids  among  people 

at  the  policy-making  level." •  Early  offer — The  fight  of  solid- 
propulsion  experts  for  the  early  devel- 

opment of  a  multi-megapound  solid 
booster  broke  into  the  open  nearly  a 
year  ago  at  hearings  held  by  the  House 
Space  Committee. 

At  that  time,  officials  of  Thiokol, 
Aerojet-General  and  other  solid-propel- 

lant manufacturers  testified  that  they 
could  develop  a  solid  superbooster  mo- 

tor in  the  2-million  to  3-million-lb.- 
thrust  class  in  24  months  or  less. 

Ritchey  told  the  committee  on 
March  8  that  his  firm  could  develop  a 
flyable  solid  multimegapound  motor  in 

missiles  and  rockets,  January  15,  1962 
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One  Short  L 

One-J2 

Two  Short  L 

Four-J2's 

Four  Short  L 

One-J2 

One  Short  L 

PHASE  / 
Payload 
45,000  lbs 

One-U 

PHASE  II 
Payload 
115,000  lbs 

Tv/o-lL 

PHASE  III 

Payload 
195,000  lbs 

Four-U 

PHASE  IV 

Payload 470,000  lbs 

Thiokol's  New  20-million-lb. -thrust  Proposal 
THIOKOL  CHEMICAL  CORP. 

unveiled  a  new  proposal  this  week  for 
building  a  20-million-lb. -thrust  solid- 
fueled  superbooster  with  the  first  hard- 

ware to  fly  in  18  months.  Cost:  "Less 
than  $240  million." 

The  proposal — under  consideration 
by  the  Air  Force  and  NASA — is  aimed 
at  developing  a  vehicle  which  could 
send  a  man  direct  to  the  moon  in  1966- 
67 — //  it  is  implemented  promptly. 

Producing  flight  hardware  in  18 
months  would  involve  an  accelerated 
pace  and  doubling  of  facilities.  Thiokol 
said  the  program  could  be  accomplished 
for  less  than  $200  million  if  the  first 
firing  were  in  22  months.  Completion 
of  testing  and  delivery  of  a  booster 
would  then  span  40  months,  instead  of 
30  on  the  accelerated  schedule. 

As  diagramed  above,  the  super- 
booster  development  program  would  be 
divided  into  four  main  phases:  1 )  proto- 

type demonstration,  2)  engineering  and 
development  of  the  full-scale  100-ft.- 
long  and  240-in.-dia.  motor,  3)  preflight 
rating  in  a  cluster  of  two,  and  4)  deliv- 

ery of  the  complete  stage. 
Takeoff  weight  of  the  complete  vehi- 
cle is  pegged  at  about  17  million  lbs. 
The  company  says  the  booster  stage 

would  have  a  burning  time  of  100  sees. 
(Payloads  indicated  above  are  computed 
on  the  basis  of  99-n.m.  orbits.) 

Each  one  of  the  240-in.  motors 
could  be  uprated  from  five  million  to 
six  million  pounds  thrust  by  extending 
the  length  to  120  ft. 

•  Geared  to  barges  —  Thiokol  has 
side-stepped  the  segmented  approach 
and  envisions  the  production  of  mono- 

lithic motor  cases.  Full  technical  de- 
tails of  the  proposal  were  not  disclosed. 

But  the  company  says  heat-treating 
facilities  for  such  cases  are  already 
available  and  loading  and  test  facilities 
could  be  built  economically  if  designed 
around  barge  transport. 

The  motor  case  would  be  brought 
by  barge  into  a  basin  equipped  with  a 
lock  so  that  it  could  be  connected  by  a 
trunion  to  the  fuel-loading  plant  at 
water  level.  The  water  would  be 
drained,  permitting  the  100-ft.  case  to 
swing  on  the  trunion  into  a  verticle 
position  for  casting  and  testing. 

The  basin  would  then  be  reflooded 
to  float  the  motor  back  on  the  barge 
for  transport  to  the  launch  site. 

•  Slaps  at  liquids — Dr.  Harold  W . 
Ritchey,  Thiokol  vice  president,  said 
"man-rating"  of  large  solids  should  not 
be  considered  a  problem,  since  solids  in 
missiles  already  have  proven  to  have  a 
high  safety  factor.  "In  liquids  there  are 
many  more  modes  of  failure,"  he  said. 
"Chamber  pressure  is  the  critical  point 
in  solids,  and  we  can  instrument  for 

that." 

In  another  thrust  at  big  liquids,  he 
said  "we  could  beat  the  Saturn  C-5  with 
a  solid."  The  pacing  item  for  building  a 
big  solid  is  the  clustering  of  J-2's  "for 
the  hydrogen-oxygen  upper  stages. 

"If  we  move  now  .  .  .  we  should  be 
able  to  do  something  in  1966." 

18  months  under  an  urgent  program. 
Moreover,  he  made  clear  for  anyone 
who  may  have  missed  his  point  what 
this  schedule  meant  in  comparison  with 
the  time  needed  for  development  of  a 
liquid-fueled  Nova. 

"I  think  you  will  find,"  he  said, 
"that  any  propulsion  engineer  who  ex- 

amines this  question  objectively  without 
a  preconceived  conclusion  will  come  to 
the  same  conclusion  that  many  of  us 
have  come  to — and  it  is  simply  this: 

"If  you  want  high  thrust  to  lift 
heavy  loads,  then  the  first  high-thrust 
stages  can  be  accomplished  much  more 
easily  and  quicker  by  the  use  of  solid 

rockets." 
Both  the  Administration  and  Con- 

gress bought  the  argument  at  least  to 
the  point  of  developing  a  solid  super- 
booster  on  a  simultaneous,  urgent  basis 
along  with  the  liquid  superbooster. 

Deputy  Defense  Secretary  Roswell 
Gilpatric  told  the  Senate  Space  Com- 

mittee last  June  that  "until  about  three 
years  from  now,  by  the  end  of  1964, 
when  we  will  have  had  this  solid-pro- 
pellant  motor  through  static  tests  and 
the  F-l  engine  in  the  Nova  has  been 
tested,  it  would  not  be  safe,  in  my  judg- 

ment, for  this  country  to  rely  on  a  single 

approach. "Here  we  have  two  types  of  tech- 
nology," he  said.  "It  is  important  in  the 

judgment  of  the  Administration  that  all 
of  us  agree  that  we  should  put  off 
gambling  or  putting  all  our  bets  on  one 
approach  to  this  very  important  large 
booster  which  is  necessary  if  we  are 
going  to  put  a  man  on  the  moon  and 

bring  him  back  safely." An  important  change  since  then  is 
the  introduction  of  the  new  alternative: 
rendezvous.  But  some  experts  argue 
that  the  rendezvous  project  as  now 
planned  is  not  a  true  alternative  because 
it  will  still  rely  solely  on  a  cluster  of 
liquid  F-l's  as  will  the  direct  approach with  Nova. 

•  New  proposal — As  interest  in  the 
solid  superbooster  for  Apollo  waned, 
Thiokol  and  Ritchey  late  last  year  ap- 

proached program  managers  with  a  new 
proposal  for  a  family  of  multi-mega- 
pound  motors  (see  box).  They  ran 
into  the  same  opposition  that  they  and 
others  had  found  earlier. 

"It  is  a  terrible  mistake,"  Ritchey 
said  last  week.  "From  the  standpoint  of 
time,  schedules  and  reliability,  we  have 
the  liquids  beaten.  Even  with  the 
months  that  have  been  lost.  Only  when 
you  get  into  the  matter  of  cost  does  the 
issue  become  more  controversial  and, 
depending  on  such  factors  as  how  many 
motors  are  ordered,  I  believe  solids  can 

be  cheaper." Asked  to  state  precisely  what  he 
thought  the  Administration  ought  to  do, 

Ritchey  snapped:  "Something!"  tt 
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In  new  session  of  Congress 

Outlook  Good  for  Record  NASA  Budget 

THE  SECOND  SESSION  of  the 
87th  Congress  will  be  a  crucial  one  for 
the  U.S.  space  program. 

Most  important  issue  will  be  NASA's 
request  for  a  record  budget  of  approxi- 

mately $4  billion.  A  major  cut  would 
kill  this  country's  already  slim  chances 
of  beating  Russia  to  the  moon. 

Also  slated  for  congressional  consid- 
eration is  NASA  technical  progress,  and 

legislation  affecting  a  commercial  com- 
munication satellite  system  and  govern- 

ment patent  policies. 
The  outlook  for  approval  of  NASA's 

fund  request  appears  good,  despite  the 
fact  that  the  first  U.S.  manned  orbital 
flight  has  slipped  into  1962.  Technical 
problems  also  continue  to  plague  the 
Centaur  and  lunar-exploration  pro- 

grams— adding  fuel  to  possible  con- 
gressional fires. 

•  Key  backing — Senate  Democratic 
leaders  indicate  down-the-line  support 
of  the  Administration's  space  plans. 

In  the  House,  Space  Committee 
Chairman  Rep.  George  Miller  CD- 
Calif.)  told  Missiles  and  Rockets  "I 
know  there  is  going  to  have  to  be  a 
high  budget  increase  over  last  year.  I 
will  support  the  President's  request 
within  certain  limits." 

Miller  refused  to  say  what  the 
limits  were  until  he  had  seen  NASA's 
request. 

First  Stage  of  Saturn 

THE  FIRST  STAGE  of  NASA's 
advanced  Saturn  booster  will  be  pow- 

ered by  five  F-l  engines  developing 
7.5  million  lbs.  thrust. 

The  three-stage  vehicle,  the  space 
agency  announced,  will  be  capable  of 
placing  110-ton  payloads  into  earth 
orbit,  making  it  ideally  suited  for 
planned  orbital  rendezvous  flights. 
For  space-probe  flights,  it  will  be 
capable  of  sending  90,000-lb.  pay- 
loads  to  escape  velocity. 

Prime  mission  for  the  advanced 
Saturn  will  be  to  launch  the  Apollo 
spacecraft  on  manned  circumlunar 
flights.  If  orbital  rendezvous  is  used, 
it  will  also  serve  as  the  launch  vehicle 
for  the  manned  lunar  landing  flights 
with  the  spacecraft. 

Engines  for  all  three  stages  are 
scheduled  for  delivery  in  1963.  First 
launch  of  the  big  booster  from  Cape 
Canaveral  is  slated  for  1965. 

His  counterpart  in  the  upper  cham- 
ber, Sen.  Robert  Kerr  (D-Okla.)  said 

flatly  "I  will  support  the  President's 
program."  Sen.  Warren  Magnuson  (D- 
Wash.),  chairman  of  the  Senate  appro- 

priations subcommittee  which  considers 
NASA's  budget,  echoed  the  same  senti- 

ment, declaring  that  "I  expect  to  sup- 
port the  President's  program  as  it  un- 
folds throughout  the  year." As  for  U.S.  space  failures,  Kerr 

said  "in  a  program  involving  such  dif- 
ficult scientific  achievements,  uninter- 

rupted successes  would  be  impossible, 
but  the  percentages  of  failures  have 
been  less  than  anticipated  and  the  favor- 

able results  greater  than  should  be  ex- 

pected." 

The  support  of  the  top  Democratic 
leadership  should  clear  the  way  for  ap- 

proval of  most  of  NASA's  funds.  As 
in  the  past  two  years,  congressional  ob- 

servers expect  the  legislators  to  make  a 
token  cut  in  space  expenditures. 

Also  improving  the  outlook  is  the 
fact  that  much  of  the  new  facility  funds 
— which  will  account  for  a  large  part  of 
the  budget — will  be  spent  in  the  South- 

land. This  will  undoubtedly  blunt  much 
of  the  traditional  Southern  Democratic 
conservative  approach  to  high  budget 
requests. 

•  ComSat  hurdle  —  Principal  issue 
in  the  communications  satellite  battle 

C-5  To  Have  Five  F-Vs 

The  second  stage  (S-II)  will  be 
powered  by  five  J-2  engines  which 
will  generate  a  total  thrust  of  1  mil- 

lion lbs.  Its  third  stage  (S-IVB)  will 
have  a  single  J-2  with  200,000  lbs. 
thrust.  This  will  be  used  only  during 
escape  missions.  Only  the  first  two 
stages  will  be  used  for  earth-orbit 

flights. Space  agency  officials  said  that 
the  advanced  Saturn  designation  for 
the  vehicle  will  be  dropped  in  the 
next  couple  of  months  and  a  new 
name  will  be  substituted.  At  the 
same  time,  the  smaller-thrust  Saturn 
C-l  vehicle  will  be  identified  simply 
as  Saturn. 

Both  the  F-l  and  J-2  engines  are 
being  developed  by  the  Rocketdyne 
Division  of  North  American  Aviation 
Inc.  The  F-l  uses  kerosene  and  liquid 
oxygen  as  its  propellant.   Liquid  hy- 

which  is  shaping  up  concerns  whether 
or  not  missile/space  firms  will  be  able 
to  share  in  the  ownership  of  a  com- 

mercial system. 
Sen.  Kerr  is  scheduled  to  introduce 

legislation  to  restrict  ownership  to  com- 
munications carriers.  The  Administra- 

tion, however,  will  send  to  Congress  in 
the  near  future  a  bill  providing  for  wide 
ownership  by  corporations  and  individ- uals. 

Sen.  Kerr  told  Missiles  and  Rock- 
ets that  he  feels  his  bill  is  only  the 

basis  for  discussion  of  an  ownership 
plan.  This  indicates  that  he  is  amenable 
to  accepting  or  settling  for  a  compro- 

mise with  the  Administration  view. 
A  jurisdictional  battle  is  already  de- 

veloping over  just  what  committee  will 
have  primary  responsibility  for  the 
legislation.  In  the  House,  the  Com- 

merce Committee  has  indicated  it  in- 
tends to  hold  public  hearings  on  the 

subject.  While  an  inter-committee  dis- 
pute could  kill  the  legislation,  members 

of  Congress  close  to  the  situation  feel 
that  a  compromise  will  be  worked  out. 

•  Patent  puzzle — The  only  hope  for 
enactment  of  major  patent  legislation 
rests  with  the  evolvement  of  a  common 
Administration  position.  Because  of  the 
divergent  areas  of  interest  and  empha- 

sis among  government  agencies,  this 
will  not  be  easy.  8 

drogen  and  LOX  power  the  J-2. 
The  space  agency  said  that  the 

first  stage,  besides  providing  greater 
payload  capability  will  also  help  to 
solve  the  base  heating  problem  by 
reducing  the  channeling  of  heat  from 
the  burning  propellent  back  into  the 
engine  section. 

The  five-engine  second  stage  will 
provide  an  engine-out  capability, 
since  the  engine  cluster  must  be 
started  in  space. 

The  restart  in  space  will  be  re- 
quired if  the  advanced  Saturn  — 

through  the  use  of  orbital  rendezvous 
— is  used  to  send  the  Apollo  space- 

craft on  manned  lunar-landing 

flights. 
The  Boeing  Co.  has  been  selected 

to  build  the  S-IB  stage  and  Douglas 
Aircraft  Co.  is  building  the  S-IVB 
stage.  North  American  Aviation,  Inc. 
is  developing  the  S-II  stage. 
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Navy  Extends  PERT 

To  Gauge  Program  Costs 

Polaris-proven  computerized  technique,  in  pilot-testing 

at  GE  and  Lockheed,  should  avert  some  old  misconceptions 

THE  NAVY  has  extended  its 
computerized  management  tool — PERT 
(Program  Evaluation  and  Review  Tech- 

nique)— to  measure  costs. 
This  means  that  the  system  that  so 

successfully  monitored  development  of 
the  Polaris  system  on  a  "time"  basis  is 
now  also  formulated  on  a  "cost"  basis, 
to  assist  contractors  and  customers  in 
the  following  areas: 

—Planning  schedules  and  costs. 
—Determining  time  and  cost  status. 
—  Forecasting  manpower  skill  re- 

quirements. 
—  Predicting  schedule  slippages  and 

cost  overruns. 

— Developing  alternate  time-cost 

plans. — Allocating  resources  among  tasks. Developed  for  the  Navy  Special 
Projects  Office  by  Navy  personnel  and 
Management  Systems  Corp.,  the  PERT/ 
Cost  system  is  being  pilot-tested  at 
General  Electric  Ordnance  Department 
and  at  Lockheed  Missiles  and  Space  Co. 

•  Old  way  versus  new — A  standard 
way  to  keep  track  of  costs  is  first  to 
plot  the  curve  of  estimated  costs  on  a 
time-vs.-cost  chart,  then  add  the  curve 
of  actual  costs  as  they  occur.  Under 
certain  not  rare  circumstances,  this  can 
lead  to  serious  misconceptions. 

The  first  step  in  the  PERT/ Cost 
system  is  to  construct  a  network  con- 

sisting of  the  activities  (project  tasks) 
to  be  performed,  and  the  events  or  mile- 

stones to  be  attained  (M/R,  July  17, 
1961,  p.  110). 

After  the  network  has  been  pre- 
pared and  time  estimates  developed  for 

the  network  activities,  the  manager  sets 
up  a  schedule. 

Once  the  schedule  is  established,  es- 
timates of  resources  needed  to  perform 

each  cost-significant  segment  of  the  net- 
work are  obtained. 

Actual  costs  and  times  are  collected 
separately  for  each  cost-significant  seg- 

ment. These  actual  time  and  cost  inputs 
are  compared  with  estimates  to  indicate 
the  project  status. 

The  figure  shown  here  contains  a 
sample  network  with  estimated  and 
actual  time  and  cost  information.  The 
completed  activities  thus  far  include  ac- 

tivities A-B.  A-C  and  A-D.  Although 
activity  A-B  has  consumed  one-half 
week  more  than  scheduled,  it  is  on  a 
slack  path  and  the  slippage  will  have  no 
effect  on  total  program  duration. 

The  A-B  activity  was  budgeted  for 
$10,000  and  actually  required  only 
$8000,  a  $2000  underrun.  Activity  A-C 
was  completed  on  budget  and  on  sched- 

ule. Activity  A-D  encountered  difficulty 
and  incurred  a  $10,000  overrun  in  cost 
and  a  one-week  slippage  in  schedule. 
The  slippage  in  this  path  required  im- 

mediate attention,  since  A-D  is  an  activ- 
ity on  the  critical  path. 
Note  also  that  activity  B-E  and  C-E have  consumed  both  their  time  and 

budget,  yet  are  incomplete.  New  esti- 
mates to  complete  are  required. 

Outputs  of  the  PERT/ Cost  system 
include  time,  cost  and  resource  reports 
for  various  levels  of  management.  More- 

over, a  primary  output  is  the  chart 
of  the  least  expensive  course  which 
will  yield  the  desired  development-time schedule. 

A  copy  of  a  booklet  on  "The  PERT/ 
Cost  System"  can  be  obtained  from  The 
Special  Projects  Office,  SP-12,  Navy 
Dept.,  Washington  25,  D.C.  » SAMPLE  PERT  NETWORK  shows  estimated  and  actual  time  and  cost  information. 

Medics  Press  Research  on  Weightlessness  Illusions 

San  Antonio — U.S.  space  medics 
have  stepped  up  research  on  disorienta- 

tion occurring  during  weightlessness. 
Since  reports  of  the  Russian  Cos- 

monaut Titov's  flight,  scientists  have  be- 
come increasingly  concerned  with  the 

problems  of  possible  "sea-sickness"  in 
space  flights. 

Conferees  at  the  School  of  Aero- 
space Medicine's  Annual  Lectures  in 

Aero-space  Medicine  were  told  that  two 
types  of  optical  illusions  occur  during 
weightlessness. 

Although  these  illusions  themselves 
may  not  be  detrimental  to  operation  of 
a  space  vehicle,  the  same  mechanism 
which  causes  them  may  be  responsible 

for  "space  sickness." Air  Force  physicians  have  studied 
the  phenomena  during  periods  of 
weightlessness  in  F-100  jets.  In  one  illu- 

sion, an  isolated  object  viewed  by  the 
subject  seemed  to  move.  This  same  ef- 

fect occurs  if  one  twirls  his  body  rapid- 
ly. It  may  occur  in  aircraft  during  rolls, 

spins  or  other  types  of  rotary  movement 

or  during  low  angular  acceleration. 
Another  visual  illusion  experienced 

during  weightlessness  causes  objects  to 
appear  to  be  elsewhere  than  where  they 
really  are.  This  effect  also  has  been 
demonstrated  on  the  centrifuge. 

The  School  is  developing  a  new 
technique  utilizing  electrodes,  helmet 
sensitive  accelerometers  (developed  at 
Edwards  Air  Force  Base)  and  electro- 

myography to  ascertain  the  dangers  of 
these  phenomena.  tt 
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On  Atlas  test  flights  .  .  . 

Sensors  Function  Well  in  Monkeys 

MONKEY  X-RAY  shows  position  of  a  surgically  implanted  transmitting  system  which 
monitors  physiological  processes  in  Air  Force  flights. 

by  Heather  M.  David 

THE  AIR  FORCE  reports  good  re- 
sults in  its  program  of  launching  in- 

ternally instrumented  monkeys  on  Atlas 
missiles. 

Although  the  monkeys  did  not  fare 
so  well  (one  was  blown  up  and  the 
other  was  not  recovered)  the  telemetry 
data  received  during  the  flights  were 
promising.  The  equipment  was  unique 
in  that  it  was  surgically  implanted  in 
the  bodies  of  the  6-8  lb.  rhesus  mon- 
keys. 

The  monitors  provide  data  on  the 

animal's  physiological  reaction  to weightlessness,  acceleration,  vibration, 
intense  heat  and  other  stresses  encoun- 

tered during  launch,  flight  and  recovery. 
The  program  is  a  test  of  a  system 

which  may  someday  be  used  on  hu- 
mans. Officials  in  the  project  say  that 

internal  sensors  may  be  far  superior 
to  those  attached  to  the  body  externally. 

Those  sensors  transmitting  only  in- 
ternal noise  will  not  reproduce  ambient 

cabin  noises.  Noise  caused  by  the  move- 
ment of  the  animal's  body  does  not interfere  with  the  transmission  of  vital 

physiological  data.  And  the  system  has 
no  external  leads  to  encumber  human 
pilots  as  they  go  about  their  duties. 

The  monkeys  were  carried  along  in 
routine  tests  of  the  Atlas  missile  in 
specially  designed  pods.  A  malfunction 
of  the  missile  brought  a  fiery  end  to  the 
Nov.  10,  1961,  launch,  and  the  ejected 
pod  was  lost  Dec.  16,  1961. 

More  shots  are  expected,  but  no 
definite  commitment  has  been  made  by 
the  Air  Force.  The  National  Aeronau- 

tics and  Space  Administration  also  is 
expected  to  join  the  program. 

•  Life  support  system — The  animal 
pod  is  a  cylinder  30  in.  in  diameter  by 
102  in.  long,  attached  to  the  sustainer 
portion  of  the  missile.  It  is  located 
radially  between  the  vernier  engine  #2 
and  the  B-l  missile  equipment.  North 
American  Aviation  is  responsible  for 
the  life  support  system  and  is  overall 
contractor  for  the  program. 

Some  30  seconds  after  the  sustainer 
engine  cutoff,  the  pod  is  ejected  from 
the  missile.  It  travels  a  ballistic  course 
parallel  to  that  of  the  missile  and  is 
supposed  to  be  recovered  in  the  impact 
area.  The  pod  is  equipped  with  a  blunt 

nose  fairing  with  ablative  material  for re-entry. 

The  monkeys  ride  in  a  fibreglass 
couch  covered  with  polyurethane  and 
spongerubber.  The  restraint  system  is 
covered  with  nylon  net  with  an  oval 
cutout  for  the  monkey's  face. 

The  monkeys  were  operated  upon 
some  time  before  flight  and  the  trans- 

mitting apparatus  placed  near  their  kid- 
neys. Sensing  electrodes  were  placed 

near  the  heart  and  lungs. 
The  simians  appear  to  suffer  no  dis- 

comfort and  have  no  ill  effects  from 
the  presence  of  the  equipment  in  their 
bodies.  Once  the  equipment  is  in,  the 
animals  are  in  a  constant  "ready  for 
test"  condition. 

•  Sensing  system  —  The  FM/FM 
system  transmits  respiration  (low-fre- 

quency), electrocardiogram  (medium- 
frequency)  and  phonocardiogram  (high- 
frequency).  It  consists  of  two  pressure 
sensors,  a  pair  of  ECG  electrodes,  three 
subcarrier  oscillators,  a  rechargeable 
nickel-cadmium  cell  and  an  RF  oscil- 

lator, and  a  recharging  coil. 
The  output  signals  of  the  three  sub- 

oscillators  are  mixed  and  the  resulting 
voltage  used  to  modulate  a  45-mega- 
cycle  RF  oscillator  located  in  a  separate 
package.    The  signals  are  transmitted 

to  a  receiving  antenna  in  the  couch,  and 
directed  to  a  small  FM  receiver.  The 
video  output  is  connected  to  a  three- 
channel  discriminator  where  the  sub- 
carrier  frequencies  are  separated  from 
the  composite  signal  by  bandpass  filters. 
The  individual  subcarriers  are  discri- 

minated separately  to  recover  the  mod- 
ulation frequency  components.  The 

three  signals  are  filtered  with  low  pass 
signals  to  remove  the  subcarrier  fre- 

quency components  and  are  presented 
in  analog  form  for  retransmission. 

The  equipment  is  potted  in  polyure- 
thane, except  for  the  antenna,  which  is 

first  secured  by  a  light  coating  of 
methyl  methacrylate.  This  is  to  avoid 
carrier-frequency  deviation  due  to  me- 

chanical effects  on  the  loop  antenna 
in  a  vibrating  environment. 

A  light  coating  of  Dow-Corning 
Silastic  protects  fragile  components 
against  shrinkage  crushing.  This  mate- 

rial is  biologically  inert,  preventing  ir- 
ritation, and  soft,  minimizing  organ 

trauma. 
Then  monitor  also  registers  capsule 

pressure  and  temperature,  oxygen  bot- 
tle pressure,  voltage  and  current  to  the 

capsule  recharging  oscillator,  and  charg- 
ing voltage  and  current  applied  to  the 

airborne  battery.  ♦* 
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This  is  a  new  warning  system  designed  by  Northrop 

Northrop  has  developed  an  automatic  voice  warning 
system  for  aircraft  crews  which  gets  action  4  times  as 
fast  as  the  traditional  red  lights.  Called  vips  for  Voice 
Interruption  Priority  System,  it  uses  a  female  voice, 

speaking  directly  over  the  pilot's  headset,  to  describe  the 
exact  nature  of  the  hazard. 

In  recent  tests,  proficient  pilots  reacted  to  warning 
lights  in  an  average  of  12  seconds  and  some  lights  went 
unnoticed  up  to  half  an  hour.  With  vips,  the  average  time 
was  just  3  seconds,  and  no  warnings  went  unnoticed. 
18 

With  vips,  the  pilot  doesn't  have  to  watch  for  warn- 
ings, nor  figure  out  what  they  mean.  The  voice  can  be 

programmed  to  suggest  remedial  action.  If  several  things 
go  wrong  at  once,  a  logic  network  will  select  the  most 
important  and  interrupt  any  lower  priority  warning. 

vips  was  conceived,  designed  and  developed  to  its 

present  high  degree  of  versatility  by  the  Nortronics  Divi- 
sion of  Northrop,  vips  will  be  installed  in  all  Air  Force/ 

General  Dynamics 
B-58  Hustlers. NORTHROP 



chnical  Countdown 

ASTRONAUTICS  Bell  Pushes  CW  Lasers 

ure  Gemini  Details  Revealed 

In  addition  to  a  restartable  engine  for  manuevering  in 

ce  during  rendezvous  operations,  NASA's  second-gen- 
tion  Mercury  capsule — Gemini — will  have  a  series  of 
:umferential  flaps  which  can  be  deflected  individually 
1  in  groups  to  provide  lift  for  the  capsule.  The  idea, 
ording  to  informed  sources,  is  to  control  the  trajectory 
the  spacecraft  during  re-entry  and,  thereby,  considerably 
luce  the  recovery  area  necessary. 

fronauts  To  Monitor  Booster  Lift-Off  ■ 

Pilots  of  future  spacecraft  may  be  given  more  control 
er  the  vehicle  booster,  according  to  one  top  NASA  official, 
le  idea  is  not  to  let  the  crew  "fly"  the  vehicle  during 
2  launch  phase,  but  rather  to  give  them  the  capability 
monitor  the  systems  so  that,  in  the  event  of  a  failure, 

ey  would  not  be  totally  dependent  on  automatic  escape 
stems. 

F  Hypersonic  Flight  Program  Detailed 

|  The  Air  Force,  according  to  one  official  source,  has 
liodified  its  Dyna-Soar  hypersonic  test  program.  In  lieu  of 
rge-scale  models  of  the  space  glider,  the  AF  has  designed 
special,  7-ft.  vehicle  with  which  it  expects  to  test  the 

ructures,  flight  dynamics  and  aerodynamic  characteristics 
if  Dyna-Soar  at  speeds  well  above  Mach  20.  Scheduled  to 
egin  early  in  1963,  the  hypersonic  program — called  Project 
fksset — will  use  the  AF  Blue  Scout  to  launch  the  McDonnell 
aircraft  Corp. -manufactured  test  vehicle. 

ELECTRONICS 

'MR  Impact  Predictor  Operational 
A  new  long-range  missile  impact  predictor,  GERSIS, 

s  now  operational  at  Pacific  Missile  Range,  the  Navy 
eports.  The  $3.6-million  General  Electric  Range  Safety 
nstrumentation  System  was  built  to  extend  Pt.  Arguello's 
racking  range  well  beyond  previous  capabilities.  While 
t  can  be  used  for  PMR  or  Vandenberg  missile  launchings, 
jERSIS  was  installed  primarily  for  use  with  ICBM  boosters 
0  be  employed  in  the  upcoming  Nike-Zeus  tests  over  the 
'acific.  The  system  design  is  an  outgrowth  of  the  Atlas 
CBM  radio  command  guidance,  and  provides  a  continuous 
eal-time  display  of  missile  trajectory  and  impact  prediction. 

Massive  Statistics  from  Stanford 

After  eight  years  of  dreaming,  Stanford  University  is 
low  on  its  way  toward  building  its  two-mile-long  linear 
iccelerator.  The  final  system  will  employ  960  klystron 
implifiers  operating  in  banks  at  a  frequency  of  2.856  giga- 
:ycles.  Each  klystron  will  provide  up  to  24  megawatts  out- 

put in  2.5-microsec.  pulses.  Gain  will  be  4.5  Mev/ft.  with 
1  maximum  energy  of  40  Bev.  Initially  the  linac  will  use 
Dnly  240  klystrons  for  an  energy  gain  of  2  Mev  and  a  max. 
output  of  20  Bev.  Designed  by  Varian  Associates  and 
Stanford,  the  system  is  expected  to  cost  $125  million  and 
require  six  years  to  complete.  RCA  is  development  con- 

tractor for  the  klystrons;  construction  contracts  are  ex- 
pected to  be  awarded  by  Stanford  shortly. 
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Bell  Telephone  Laboratory  scientists,  recently  success- 
ful in  development  of  a  continuous-wave  solid-state  optical 

maser,  now  are  known  to  be  well  advanced  in  developing 
intelligence  modulation  schemes  and  reception  equipment 
for  the  high-intensity  beams.  The  principal  application  is 
considered  to  be  for  long-range  telecommunications. 

ADVANCED  MATERIALS 

Second-Stage  Minuteman  Switches  to  Titanium 

Aerojet-General  is  using  titanium  for  second-stage 
Minuteman  motor  cases.  The  material  is  Titanium  Metals 
Corp.  Ti-6A1-4V  alloy,  and  the  chamber  is  30%  lighter 
than  a  comparable  steel  vessel.  The  weight  savings  can  be 
translated  into  either  more  range  or  an  increased  payload. 

Solid  Chemical  Bearing  Price  Cut 

Glass-fiber-reinforced  Teflon  bearings — made  perma- 
nently self-lubricating  by  adding  molybdenum  disulfide — are 

being  produced  in  a  new  manufacturing  process  that  cuts 
the  cost  to  about  a  third  that  of  previous  prices.  The 

Rogers  Corp.'s  process,  Autoform,  turns  out  bearings  capable 
of  vacuum  operation  between  —425°  and  575°F. 

Ultra  Clean  Steel  from  New  Process 

Arkota  Steel  Corp.  put  Arizona  in  the  ranks  of  steel- 
producing  states  through  a  new  process  using  only  natural 
gas  and  electrical  power.  The  method  produces  highly  pure 
steel  from  Arizona's  low-grade  ores  through  a  reduction 
process  using  a  controlled  mixture  of  hot  hydrogen  and 
carbon  monoxide  gases.     .  * 

Thiokol  Fires  at  50°F 

Large  40-in.-dia.  motors  have  been  static -fired  at  — 50°F 
at  Thiokol's  Redstone  Division.  The  units  had  been  sub- 

jected repeatedly  to  temperature  variations  between  —50° 
and  135°F.  Only  flight-type  components  were  used  and 
the  burning  time  of  the  HC  propellant  was  30  seconds. 

Large  Space  Chamber  Operational 

A  27-ft.-long  space  chamber  capable  of  simulating  alti- 
tudes up  to  250  miles  and  temperatures  down  to  — 450°F 

is  in  operation  at  Bendix-Systems  Division.  The  unit  is  20  ft. 
in  diameter  and  has  a  battery  of  carbon-arc  and  infrared 
lamps  behind  16  quarts  lenses  to  simulate  solar  heat.  Bendix 
engineers  checked  the  facility  out  by  enclosing  the  whole 
chamber  in  a  helium  envelope,  then  analyzed  the  exhaust 
products  from  the  vacuum  pumps  for  traces  of  the  gas. 

ASW  &  SEABORNE  ENGINEERING 

Lockheed  To  Study  Whales  for  ASW  Data 

Lockheed-California  Co.  plans  to  plant  a  small  sonar 
transmitter  on  the  back  of  a  whale  in  an  effort  to  obtain 
data  of  value  to  antisubmarine  warfare  and  studies.  The 

miniaturized  electronic  gear  will  be  planted  on  the  whale's back  from  a  small  plane.  Signals  from  the  equipment  will 
be  tracked  by  and  recorded  aboard  the  Sea  Quest,  the  com- 

pany's floating  marine  laboratory. 
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advanced  materials 

Lamtex  Constructing 

Biggest  Reinforced  Case 

Experimental  5.5-ft.-dia.  filament-wound 

vessel  ordered  by  Thiokol  is  major  advance 

by  John  F.  Judge 

FILAMENT-WOUND  GLASS 
cases  may  ultimately  replace  the  steel 
chambers  in  the  solid-fueled  Minuteman 
ICBM.  "It's  in  the  cards"  says  Dr. 
Harold  W.  Ritchey,  director  of  Thiokol 
Chemical  Corp.'s  rocket  operations. 

An  experimental,  filament-wound 
pressure  vessel  5.5  ft.  in  diameter  and 
24  ft.  long — approximately  the  size  of 
a  Minuteman  first-stage  engine  and  the 
largest  reinforced  plastic  case  ever  pro- 

duced—will be  fabricated  by  Lamtex 
Industries,  Inc.,  under  a  $320,000-plus 
contract  from  Thiokol. 

At  Lamtex,  such  large  filament- 
wound  cases  start  with  the  construction 
of  a  break-out  plaster  mandrel.  A  steel 
arbor  forms  the  basic  mandrel  unit.  A 
series  of  metal  fins  are  attached  to  the 
arbor  along  its  entire  length. 

Plaster  discs  are  then  slid  onto  the 
arbor,  locking  on  the  fins,  and  the 
mandrel  begins  to  take  on  its  final  con- 

figuration. A  number  of  steel  tubes  are 
laid  along  the  outside  circumference  of 

LEFT — Break-out  film  und  insulation 
layers  are  built  up  on  end-closure 
mandrel  before  being  attached  to 
arbor. 

RIGHT— F/ns  are  attached  to  massive 
steel  arbor.  This  core  will  be  used 
for  the  large  experimental  motor  case. 
The  plaster  break-out  mandrel  will  be 
built  around  this  in  the  same  manner 
as  the  smaller  cases  illustrated. 

FAR  RIGHT— Mandrel  with  insula- 
tion is  ready  for  the  winding  opera- 

tion. The  insulation  will  be  cured  in 
the  same  process  used  to  finish  the 
resin  binding  the  glass  fibers. 



FAR  LEFT — Plaster  discs  are  formed 
around  rubber  drop-out  in  the  initial 
mandrel  preparation  stages.  Fluted 
edges  hold  reinforcing  bars. 

LEFT— Discs  are  next  set  up  on  steel 
arbor.  Fins  welded  to  arbor  fit  into 
the  slots  in  the  disc  center.  Textile- 
reinforced  plaster  is  then  applied, 

RIGHT — Pressure  vessel  end  closure 
mandrel  section  is  constructed  separ- 

ately and  attached  to  center  mandrel. 
Surface  is  smoothed  by  sweeping  final 
plaster  coat. 

the  discs  and  a  coating  of  plaster  and 
textile  reinforcing  material  is  applied. 
The  final  smooth  surface  is  achieved  by 
sweeping  plaster  over  the  entire  length 
of  the  mandrel. 

A  strip-out  layer  of  some  plastic 
material  is  then  applied  to  protect  the 
wound  vessel  during  the  plaster  break- 

out. The  insulation  is  added.  The  two 
plaster  end  closure  forms,  complete 
with  insulation  and  nozzle  fixtures,  are 
fastened  to  the  center  mandrel  and  the 
unit  is  ready  for  the  winding  operation. 

•  Constant  tension  —  Lamtex  uses 
single-end  yarn,  consisting  of  204  fila- 

ments per  end.  The  result  is  a  smooth 
surface  which  requires  little  or  no  final 
finishing.  The  initial  winding  pattern  is 
helical,  and  is  followed  by  a  reinforcing 
vertical  wind. 

The  yarn  runs  from  the  creels 
through  magnetic  tension  devices  and 
drop-out  mechanisms.  The  latter  afford 
a  measure  of  control  over  broken  ends 

of  fiber  glass. 
The  winding  operation  is  performed 

with  each  filament  of  fiber  glass  auto- 
matically held  under  equal  tension  con- 

trol— from  the  creel,  through  the  resin 
immersion  bucket  and  onto  the  mandrel. 
This  method  prevents  progressive  glass 
failure  under  high  stresses. 

After  winding,  the  entire  unit  goes 
through  a  multi-stage  curing  process, 
involving  accurately  controlled  time  and 
temperature  cycles.  The  glass-resin  case 
and  the  insulation  are  cured  simul- 
taneously. 

Lamtex  engineers  design  their  own 
filament-winding  equipment  and  are  in 
the  process  of  working  up  advanced 
devices.  The  firm,  started  in  1955  by 
three  young  engineers,  moved  into  a 
field  so  new  that  no  standard  equipment 
was  commercially  available. 

Since  that  time,  Lamtex  has  pio- 
neered in  the  design  of  glass  winding 

and  related  machines  to  the  extent  that 

some  of  these  have  been  marketed.  A 
servo-controlled  unit  is  currently  being 
assembled.  The  firm  also  has  compres- 

sion and  vacuum  bag  molding  facilities. 

•  Skipped  adolescence  —  The  big- 
gest problem  in  the  filament-winding 

area  is  the  quality  and  consistency  of 
the  glass  fibers.  Filament-winding  broke 
into  the  missile/ space  field  early  in  the 
development  phases  of  both,  and  W.  E. 
Ponemon,  president  of  Lamtex,  says 
filament-winders  have  not  had  time  to 
do  adequate  research  and  development. 

For  the  large  experimental  case, 
Lamtex  is  buying  a  more  expensive  glass 
fiber.  The  higher  cost  is  caused  in  part 
by  an  effort  toward  uniform  qualities. 

The  potential  of  glass  fibers  is 
greater  than  that  of  steel  in  the  pressure 
vessel  area.  Both  government  and  indus- 

try recognize  this,  and  a  host  of  missile 
firms  are  dabbling  in  filament-winding. 
But  comparatively  little  is  being  done 
to  improve  the  basic  glass  material.  « 





XBORATORY  LAUNCH  PAD 

"ln-house"  missile  flights  are  a  daily  occurrence  at  Lockheed 
Missiles  &  Space  Company.  The  advantages  of  "flying"  the 
POLARIS  FBM  inside  the  laboratory,  on  an  amazing 
internally-developed  simulator,  are  obvious. 

The  simulator  performs  many  developmental  and  test  functions. 
When  the  missile  is  first  conceived,  performance  characteristics  are 
cranked  in.;  basic  overall  requirements  are  read  out.  Later,  the  simulator 
details  the  functional  requirements  of  each  subsystem  and  calculates 
specifications  for  hydraulic,  electronic  and  pneumatic  hardware. 
As  each  component  is  built,  it  replaces  its  computer  counterpart. 

Finally,  the  whole  guidance  and  flight  control  package  is  put  through 

simulated  flights  for  final  checkout.  But  that  isn't  all.  The  simulator 
also  performs  the  role  of  post-flight  evaluation  detective  when  it  is 
fed  tapes  of  actual  flights,  and  the  effects  are  observed  on 
earth-bound  hardware. 

It  is  with  such  elaborate  equipment,  guided  by  engineers  and 
scientists  of  outstanding  calibre,  that  Lockheed  Missiles  &  Space 
Company  has  attained  its  place  in  the  forefront  of  missile  and  space 
technology.  And  such  progress  is  constantly  creating  key  positions  for 
other  engineers  and  scientists  of  proved  ability,  so  they  may  take  up 
the  exciting  challenges  offered  by  Lockheed  and  share  in  its  rewards. 

This  unusual  organization  is  located  in  Sunnyvale  and  Palo  Alto, 
on  the  San  Francisco  Peninsula  in  California.  For  an  informative 

brochure,  "Your  Place  in  Space,"  write  to:  Research  and 
Development  Staff,  Department  M-31B,  599  North  Mathilda 
Avenue,  Sunnyvale,  California.  An  Equal  Opportunity  Employer. 

iLO  G §€H £z  .£E O  missiles  &  space  company 

Systems  Manager  for  the  Navy  polaris  fbm  and  the  Air  Force  agena 
Satellite  in  the  discoverer  and  MiDAS  programs.  Other  current  programs 
include  saint,  advent  and  such  nasa  projects  as  ogo,  oao,  echo,  and  nimbus. 

SUNNYVALE,  PALO  ALTO.  VAN  NUYS.  SANTA  CRUZ.  SANTA  MARIA.  CALIFORNIA 
CAPE  CANAVERAL.  FLORIDA  •  HAWAII 



space  support 

$15-million  Test/Evaluation  Lab  Due 

Huge  Goddard  facility  will  increase  NASA 

capabilities;  industry  also  building  big  plants 

THE  MOST  ADVANCED  and 
complete  space-test-and-evaluation  lab- 

oratory in  the  free  world  will  be  operat- 
ing at  NASA's  Goddard  Space  Flight Center  within  a  year. 
Costing  $15  million  for  capital 

structure  and  equipment,  the  facility 
will  be  a  tool  for  industrial  and  govern- 

ment scientists. 
Companies  are  also  starting  to  build 

their  own  space  environmental  facilities 
in  order  to  do  a  better  testing  job  and  at 
the  same  time  advance  into  forward 
competitive  positions  for  space  business. 

Pacing  factors  are  the  larger  and 
more  complicated  payloads  scheduled 
to  be  launched  within  the  next  three  to 
five  years. 

•  Full-scale  spacecraft  tested — 
Until  its  new  laboratory  is  built,  God- 

dard is  restricted  in  its  test-and-evalua- 
tion  work  to  handling  satellites  in  the 
100-lb.  payload  class  and  smaller — un- 

less the  payloads  are  broken  down  into 
subsystems.  The  hardship  is  apparent 

because  it's  a  rare  satellite  that  weighs less  than  100  lbs.  For  instance,  the 
meteorological    satellite    Tiros  weighs 

nearly  300  lbs. 
With  its  new  facility,  Goddard  will 

be  able  to  work  through  test  and  evalu- 
ation any  payload  that  can  be  launched 

by  an  Atlas-Agena.  This  means  that  the 
Orbiting  Astronomical  Observatory 
(OAO)— a  3500-lb.  payload — can  be 
handled.  iOAO's  first  flight  test  is scheduled  for  late  1963  or  1964.)  In 
fact  the  OAO  was  the  module  used  for 

the  design  of  Goddard's  new  facility. 
The  key  facility,  and  the  most  ex- 

pensive, for  testing  and  evaluating 
spacecraft  is  a  space  environment  facil- 

ity. In  a  finite  volume,  such  a  facility 
tries  to  duplicate,  or  simulate,  the  major 
phenomena  a  craft  is  expected  to  meet. 

Moreover,  a  complete  facility  also 
tries  to  simulate  dynamic  flight  effects 
such  as  acceleration,  vibration  and  spin 
as  well  as  temperature  extremes, 
vacuum,  and  radiations  brought  in  by 
the  exotic  environment. 

Goddard's  new  test-and-evaluation 
laboratory  is  to  include  two  facilities: 
one  for  payload  testing,  and  the  other 
for  simulating  a  space  environment. 

The  payload-testing  building  is  to 

be  large — 135,000  sq.  ft.  gross  working 
area.  This  is  a  far  cry  from  the  interim 
facility  Goddard  is  now  using  for  the 
purpose — 10.000  sq.  ft.  It  was  built  in 
15  months  and  occupied  in  December, 
1960.  The  new  payload-testing  building 
will  be  finished  three  months  from  now 
and  operating  in  July. 

A  year  from  now,  Goddard  will 
have  its  space-simulation  facility  operat- 

ing— a  40.000-sq.-ft.  laboratory  able  to 
give  final  check-out  and  test  to  large 
spacecraft.  The  facility  is  needed  to 
make  flight-unit  acceptance  tests  on 
the  Orbiting  Geophysical  Observatory 
Nimbus-class  spacecraft  as  well  as  the OAO. 

Other  NASA  establishments  also 
have  or  are  building  facilities  to  test 
spacecraft.  Chief  among  these  are  Jet 
Propulsion  Laboratory  (JPL),  Langley 
Research  Center  and  Marshall  Space 
Flight  Center.  Each,  including  Goddard, 
has  unique  testing  facilities  as  well  as 
capabilities  in  five  major  areas:  me- 

chanically induced  forces,  humidity  and 
vacuum,  fields  and  combined  environ- ments. 

Goddard's  new  plant  is  specifically 
designed  to  check  out  scientific  satel- 

lites, probes  and  payloads  that  will  be 
launched  within  the  next  three  to  five 
years.  It  will  be  large  enough  to  handle 
three  big  models  at  the  same  time:  one 
Atlas-Agena  payload  plus  two  Thor- Deltas.  In  other  words,  it  will  be  able  to 
take  care  of  simultaneously  one  4000- 
Ib.  payload  plus  two  1 000-pounders. 

The  Center's  payload-testing  facility 
will  emphasize  subsystem  testing  and 
evaluation  of  contractor  products,  while 
the  simulator  facility  will  concentrate 
on  complete  system  testing.  Payload 
testing  includes  simulating  the  extremes 
of  the  natural  and  induced  environ- 

mental forces  which  a  space  vehicle  will 
experience  in  its  life  cycle  of  ground- 
handling,  launch,  flight,  re-entry  and landing. 
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ARTIST'S  CONCEPTION  of  projected  space  environment  facility  slums  dynamic  test chamber  and  space  simulator  chamber. 
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Year 

by  William  Beller 

John  C.  New,  chief  of  Goddard's  test 
and  evaluation  division,  says  he  prefers 
that  contractors  do  their  own  testing 
and  evaluation,  if  they  have  the  facil- 

ities. This  would  take  a  load  off  God- 
dard's crowded  laboratory  schedule.  He further  notes  that  if  a  contractor  has 

adequate  facilities  for  test,  it  will  add 
cubits  to  his  stature  when  it  comes  to 
contract  awards. 

Goddard's  space  environment  facil- 
ity is  made  up  of  two  pieces  of  major 

equipment,  identical  in  shape  but  differ- 
ent in  purpose:  the  dynamic  test  cham- 
ber and  the  space-environment  simu- 

lator. 
Both  will  be  able  to  handle  space- 

craft whose  diameter  plus  extensions 
such  as  solar  panels  and  antenna  span 
up  to  25  ft. 

The  dynamic  test  chamber  is  to  be 
used  for  testing  spacecraft  performance 
that  is  affected  by  air  resistance.  Made 
of  stainless  steel,  the  chamber  provides 
a  vacuum  vessel  27  ft.  in  diameter,  40 
ft.  high.  Mechanical  pumps  will  drive 
the  pressure  down  to  0.1  mm  of  mer- 

cury, sufficiently  low  for  the  dynamic 
tests  to  be  run. 

Examples  of  some  chamber  tests  are 
dynamic  balancing,  spin-up  and  solar- 
paddle  erection.  Another  type  of  testing 
to  be  conducted  is  checking  out  control 
systems  which  use  gas  jets  to  orient 
spacecraft.  Such  tests  require  reduced 
pressure  to  cut  down  air  drag  and  for 
proper  simulation  of  the  environment  in 
w  hich  the  jets  operate. 

Spacecraft  are  placed  in  the  cham- 
ber through  its  top,  which  is  moved  off 

by  a  special  crane.  Since  the  chamber 
would  be  contaminated  by  the  gases 
ejected  by  jet  nozzles,  it  is  not  used 
for  other  than  dynamic  work. 

To  approach  the  conditions  of  outer 
space,  the  space-environment  simulator 
is  to  be  used.  Here,  the  stresses  of  the 
environment  of  space  are  imposed  on  a 
spacecraft  to  see  how  well  it  functions, 
or  to  bring  it  to  failure. 

Pressure  is  depressed  by  mechanical 
blowers,  diffusion  pumps  and  cryogenic 
walls.  The  bulk  of  the  air  is  taken  out 
by  the  mechanical  blowers;  diffusion 
pumps  continue  the  process;  finally, 
cryogenic  panels  in  which  liquid  nitro- 

gen is  circulated  freeze  out  most  of  the 
remaining  molecules.  In  full  operation, 
the  system  is  expected  to  go  down  to 
1x10""  mm  of  mercury. 

Chief  parameters  used  in  the  cham- 
ber tests  will  be  vacuum  effects,  solar 

radiation  and  thermal  gradients.  The 
last  will  be  varied  by  changing  the  cur- 

tain-wall temperatures,  which  will  be 
variable  from  -65°C  to  100°C. 

Until  recently,  there  were  no  cham- 
bers in  prospect  to  test  complete  satel- 
lites under  simulated  space  conditions. 

Now,  besides  Goddard's,  at  least  three 
major  ones  are  under  construction. 

JPL  is  putting  up  a  $4.5-million 
chamber  to  test  lunar  and  interplanetary 
probes,  such  as  the  450-lb.  Mariner 
scheduled  for  a  Venus  fly-by  August, 

1962.  Similar  in  operation  to  Goddard's simulator,  the  JPL  chamber  has  a  work- 
ing volume  25  ft.  in  diameter,  35  ft. 

long.  (Goddard's  working  volume  is  27 ft.  in  diameter,  40  ft.  high.) 
Lockheed  is  building  an  eight-story 

high,  $3.5-million  environmental  cham- 
ber planned  to  check  out  earth-orbiting 

satellites.  General  Electric  is  financing  a 
$6-million  chamber  originally  designed 
to  test  communications  satellites,  but 
also  able  to  test  through  heat,  cold  and 
vacuum  conditions,  manned  spacecraft, 
space  suits,  and  interplanetary  probes. 

•  Goddard  test  programs — To  be 
reasonably  sure  that  a  spacecraft  will 
operate  satisfactorily  after  launch,  God- 

dard scientists  call  for  tests  of  a  proto- 
type at  levels  exceeding  the  expected 

environment,  and  tests  of  the  flight  units 
under  the  expected  environmental  con- ditions. 

For  this  reason,  John  New  says  that 
test  programs  must: 

1)  Verify  that  novel  and  unproven 
designs  meet  performance  requirements 
and  have  satisfactory  life  expectancy 
under  pre-launch,  launch  and  space  en- vironment conditions. 

2)  Determine  the  ability  of  avail- 
able hardware,  proven  for  non-space  ap- 

plications, to  withstand  the  launch  and 
space  environment. 

3)  Locate  defects  in  material  and 
workmanship. 

4)  Generate  knowledge  for  assess- 
ing reliability  and  providing  a  basis  for 

future  designs. 
Reduced  to  practice,  the  Goddard 

testing  program  usually  calls  for  five 

spacecraft  units.  This  first  is  an  engi- 
neering model,  used  to  determine  static 

characteristics  such  as  weight  and 
weight  distribution,  and  volumes  avail- 

able for  subsystem  placement.  Often 
this  model  is  made  of  wood. 

The  second  is  the  structural  model, 
made  of  the  engineering  materials  the 
flight  model  will  use.  Besides  giving 
the  spacecraft's  dynamic  characteristics, such  as  moments  of  inertia,  this  model 

is  used  to  determine  the  spacecraft's structural  strength.  This  is  an  essential 
investigation  because  improper  place- 

ment of  subsystem  payloads  may  give 
rise  to  critical  stress  concentrations. 

The  third  model  is  the  prototype  de- 
sign— the  first  complete  operating  sys- 

tem. It  is  tested  at  1.5  times  the  ex- 
pected flight  level. 

Usually,  two  identical  flight  units 
are  made,  one  for  a  backup.  These  are 
tested  at  expected  flight  levels  of  stress. 

New  affirmed  that  "we  have  never 
had  a  satellite  failure  in  a  unit  that  has 

gone  through  our  tests."  He  added  that. 
"We  have  had  one  sounding  rocket  pay- 
load  that  went  through  our  tests  and 
later  failed  .  .  .  because  we  tested  it 
wrong.  We  had  not  duplicated  the  con- 

ditions that  were  met." 
He  emphasized  that  in  test  and  eval- 

uation, the  environmental  conditions 
must  be  at  the  very  least  simulated  but, 
far  better,  duplicated. 

New  estimated  that  a  complete 
prototype  qualification  program  for  test- 

ing a  satellite  spacecraft  may  take  two 
months  if  no  major  problems  are  met. 
Typically,  an  extra  month  should  be  al- lowed in  program  planning. 

About  six  weeks  are  needed  for 
flight-unit  testing.  However,  two  months 
more  should  be  allowed  in  program 
planning  to  take  care  of  any  exceptional 
conditions  met.  In  spacecraft  work, 
meeting  the  unexpected  seems  to  be  the 
rule. 

Test  and  evaluation  is  at  the  tail 
end  of  the  spacecraft  developmental 
program.  As  a  result,  it  is  squeezed  on 
one  side  by  scientists  eager  to  provide  a 
completed  payload,  and  on  the  other  by 
the  scheduled  launch  date. 

At  the  same  time,  test-and-evalua- 
tion  techniques  must  make  the  prob- 

ability of  success  as  high  as  possible.  To 
do  all  this  on  a  shortened  time  scale, 
extensive  test  facilities  are  being  built 
at  Goddard;  they  will  be  monitored  by 
scientists  who  will  be  able  to  make  quick 
decisions  based  on  data  coming  out  of 
a  programed  computer. 
Turn  to  p.  28  for  a  list  of  typical  NASA 
test  facilities. 
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Solve 

HIGH  TEMPERATURE 

measurement  problems 

beyond  the  scope  of 

conventional  pyrometers . . . 

Fully  Automatic  Optical  Brightness  Pyrometer 
If  you  have  been  using  a  manually  operated  optical  pyrometer, 
but  now  need  an  instrument  that  operates  continuously,  and 
makes  possible  both  recording  and  controlling,  the  PYRO-650 
Automatic  Optical  Brightness  Pyrometer  is  designed  for  you. 
PYRO-650  measures  temperature  automatically  and 
continuously  over  a  wide  range  from  1200°F  to  6300°F; 
650°C  to  3500°C.  Since  it  is  fully  automatic,  any  possibility of  human  error  is  eliminated  .  .  .  reliability  is  assured. 
PYRO-650  makes  rapid  and  accurate  measurements .  .  . 
essential  in  physical  property  studies  of  exotic  metals, 
cermets,  graphites  and  refractories  at  high  temperatures. 
PYRO-650  gives  you  a  continuous,  permanent  record  of 
measurement  .  .  .  important  in  short  duration  temperature 
studies  and  necessary  where  certification  of  temperature 
test  data  is  a  requirement. 
The  fully  automatic  PYRO-650  Optical  Brightness  Pyrometer 
makes  use  of  industry's  many  years  of  technical  knowledge 
and  experience  .  .  .  and  takes  the  next  logical  step  beyond 
the  manual  optical  pyrometer. 
Write  today  for  Bulletin  No.  614,  describing  PYRO-650 
in  full  detail. 

"Irademork  of  Instrument  Development  Laboratories 

INSTRUMENT  DEVELOPMENT  LABORATORIES,  INC. 
Subsidiary  of  Kollmorgen  Corporation 

61    MECHANIC  STREET,  ATTLEBORO,  MASS. 

Also  manufacturers  of  PYRO-EYEsi  Two-color  Optical  Pyrometer 
Circle  No.  8  on  Subscriber  Service  Card 

Typical  NASA  Test  Facilities 

MECHANICALLY  INDUCED  FORCES 

Static 
LANGLEY  RESEARCH  CENTER:  Struc- 

tural and  materials  testing  with  reaction 
capabilities  up  to  10b-lb.  force. 
GODDARD  SPACE  FLIGHT  CENTER: 
Structural  testing,  500,000-lb.  force 

Dynamic MARSHALL  SPACE  FLIGHT  CENTER: 
Centrifuge,  500-lb.  capacity  (will  accept 
5-ft.  cube),  S  ft.  radius,  100-g  acceleration 
limit 
GODDARD:  Centrifuge,  700-lb.  capacity 
(will  accept  right  circular  cylinder  4-ft.-dia. 
by  4-ft.-long),  10-ft.  radius,  50-g  accelera- tion limit 

MARSHALL  SPACE  FLIGHT  CENTER: 
Rocket  sled,  35-g  maximum  for  about  0.5 
sec,  100-lb.  payload 
GODDARD:  Acoustic  Reverberant  Cham- 

ber, 440  cu..  ft.,  160  ±  db.,  30  cps  to 
10,000  cps  (in  operation  1962) 

FIELDS 

LANGLEY:  Antenna  design  and  test  facil- 
ities including  special  hot  jet  for  testing 

effects  of  ionized  gases  on  antennas 
MARSHALL:  Magnetic  field  apparatus, 
0-150  gauss,  working  space  about  4-ft.- 
inside-dia.  by  4-ft.-long 

COMBINED  ENVIRONMENTS 

JET     PROPULSION  LABORATORY: 
Thermal-Vacuum  Chamber,  25-ft.  dia.  x 
35-ft.  long,  10'' mm  Hg,  solar  simulation, 
cryopanels  (in  operation  early  1962) 
GODDARD:  Space  Simulator,  27-ft.  dia. 
x  40-ft.-high  work  space,  10'' mm  Hg empty,  solar  simulation,  cryopanels  (in 
operation  late  1962) 

GODDARD:  Dynamic  Test  Chamber,  27- 
ft.-dia.  x  40-ft.-high  work  space,  0.1  mm 
Hg,  spin  and  de-spin  tests,  air  jet  tests, 
dynamic  balancing  (in  operation  late  1962) 
GODDARD:  Thermal-Vacuum  Chamber, 
S-ft.-dia.  x  8-ft.-long.  10  'mm  Hg  empty, 
-65°C  to  100°C 
GODDARD:  Thermal-Vacuum  Chamber, 
12-ft.-dia.  x  15-ft.-high,  10°mm  Hg 
empty,  solar  simulation,  cryopanels  fin 
operation  1962) 
LANGLEY:  Combined  spin  and  de-spin 
apparatus  in  vacuum 
LANGLEY:  High-Thermal-Vacuum 
Chamber,  200  cu.  ft.,  10'min  Hg,  (in- cludes hot  and  cold  wall  capability  for 
simulating  free-space  conditions) 
MARSHALL  AND  LANGLEY:  High- 
temperature,  quartz-tube  radiant  heaters for  structural  temeprature  tests 
MARSHALL:  Thermal-Vacuum  Chamber, 
4-ft.-dia.  x  6-ft.-long,  10'mm  Hg,  internal 
liquid  nitrogen  coils 
MARSHALL:  Thermal-Vacuum  Chamber, 
12 -ft. -dia.  by  64-ft.-long,  8  mm  Hg,  in- ternal steam  pipes 
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He's  solving 

a  real  estate 

problem 

This  AMF  engineer's  job  is  deter- 
mining how  best  to  move  big  missiles 

off  shore  for  launching.  Should  they 
be  floated  out  horizontally,  flooded 
to  an  upright  position,  and  then 
launched?  Or,  would  it  be  more  fea- 

sible to  barge  them  out?  Might  they 

be  moved  to  or  assembled  on  "Texas 
Towers,"  or  would  a  causeway  or 
simply  land-fill  be  the  answer? 

Behind  the  project  is  our  shrinking 
real  estate  at  launching  sites,  plus  the 
hazards  inherent  in  launching  Sat- 

urn-sized missiles  (and  the  coming, 
nuclear-powered  missiles)  near  other 
installations.  Off-shore  launching 
may  be  the  answer. 

Feasibility  studies  of  all  types  are 
an  AMF  specialty.  What  kind  of 
remotely  controlled  machinery  is 
required  to  service  nuclear-powered 
aircraft?  What  kind  of  habitation 
could  be  built  on  (or  under  )  the  sur- 

face of  the  moon?  What  sort  of 
machines  (manned  and  unmanned  ) 

could  survey  the  moon's  surface 
without,  for  example,  falling  into  a 
fissure?  What  is  the  best  way  to 
assemble  a  space  station?  All  these 
are  problems  AMF  engineers  are 
presently  investigating. 

If  your  problem  is  the  first  of  its 
kind,  AMF  will  not,  of  course,  have 

met  it  before.  But  AMF's  long  expe- 
rience in  accepting  totally  unique 

challenges  gives  it  an  advantage 
enjoyed  by  few  other  organizations 
concerned  with  ground  support, 

launchability  and  space  environ- 
ment. To  get  further  information 

write  American  Machine  &  Foundry 
Company,  261  Madison  Avenue, 
New  York  16,  N.  Y. 

AMERICAN  MACHINE  &  FOUNDRY  COMPAN 
Circle  No.  3  on  Subscriber  Service  Card 



ASW  engineering 

Jeep  of  the  Deep'  Nears  First  U.S 

Loral  Electronics  opens  new  Florida  test  facility; 

one-  and  two-man  vehicles  have  clear  military  merit 

THE  "JEEP  of  the  deep,"  a  one- 
man  submersible  being  marketed  by 
Loral  Electronics  Corp.  of  New  York, 
will  be  put  through  its  initial  U.S.  sea 
trials  next  month. 

Representatives  of  several  Navy  and 
civilian  oceanographic  agencies  have 
been  invited  to  attend  the  demonstration 
at  Loral's  new  maintenance  and  test 
facility  in  Ft.  Lauderdale,  Fla. 

The  undersea  craft,  officially  desig- 
nated the  T-14,  is  the  first  in  a  line 

of  subsurface  vehicles  to  come  out  of 

the  company's  newly  established  Under- 
water Technology  and  Oceanography 

Division. 

Loral,  a  long-term  ASW  contributer, 
moved  into  the  oceanography  business 
last  July  when  it  imported  the  services 
of  Dr.  Dimitri  Rebikoff,  well-known 
French  undersea  explorer,  inventor,  and 
photographer.  Rebikoff,  the  developer 
of  the  T-14,  is  currently  technical  di- 

rector of  the  new  division. 
Along  with  Rebikoff  have  come  the 

North  American  patent  rights  and  con- 
siderable existing  hardware  for  a  string 

of  one-  and  two-man  underwater  vehi- 
cles and  associated  navigation  and  pho- 

tographic equipment. 
•  Dual  role  —  Though  billed  pri- 

marily as  oceanographic  vessels,  these 
small  and  highly  maneuverable  craft 
have  several  obvious  military  capabili- 

ties, both  offensive  and  defensive. 

Loral,  in  purchasing  Rebikoff's  in- 
ventions and  services,  plans  to  make  this 

equipment  available  to  various  Navy 
and  civilian  agencies  reportedly  inter- 

ested but  reluctant  to  spend  dollars 
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abroad  for  these  items.  Much  of  the 
equipment  developed  by  Rebikoff  is 
either  in  service  or  under  evaluation 
with  the  British,  West  German,  French, 
Japanese,  and  Yugoslav  navies. 

The  T-14  is  the  basic  vehicle  to  be 
marketed  by  Loral.  It  will  cost  about 
$15,000  per  unit  in  small  quantities. 

The  T-14  is  a  torpedo-shaped  sub- 
mersible reportedly  capable  of  driv- 

ing a  SCUBA  (self-contained  underwa- 
ter breathing  apparatus) -equipped  diver 

around  at  3.5  knots  at  depths  to  230 
ft.  for  about  two  hours. 

The  diver  straddles  the  vehicle  and 
controls  its  movements  through  a  system 

similar  in  concept  to  an  aircraft's  con- trol network.  The  aileron  and  rudder 
controls,  operated  with  both  hands  and 
feet,  provide  complete  operator  control 
in  yaw,  pitch,  and  roll;  and  also  allows 
the  craft  a  turning  radius  within  its 
own  length.  The  forward  diving  rudders 
are  spring-loaded  to  retract  upon  con- 

tact with  an  underwater  obstacle  and 
then  return  to  normal  extended  position. 

A  1 .5-hp  electric  motor  geared  to 
an  1 1 .5-in.-dia.  three-blade  propeller 
supplies  the  propulsion  for  the  T-14. 
Company  officials  claim  a  90%  effi- 

ciency ratio  for  the  propeller  through 
use  of  a  Kort-nozzle,  a  propeller-shroud 
combination  which  creates  a  water-jet reaction. 

Power  for  the  propulsion  unit  and 
also  for  the  underwater  navigation  sys- 

tem, camera,  and  lights  is  supplied  by  a 
single  24-volt,  18-celled  (silver-zinc) 
battery  which  occupies  most  of  the  for- 

ward hull  section.  Battery  capacity  is 

listed  as  100  amps,  which  translates 
roughly  to  two  hours  of  continuous 
operation  for  the  T-14  configuration. 

The  T-14  is  constructed  of  light- 
weight aluminum,  weighs  about  180  lbs. 

fully  equipped,  is  9Vi  ft.  long  and  4  ft. 
wide  with  rudders  extended.  About  a 
dozen  of  these  are  on  hand  at  the company. 

•  Can  tow  1000  lbs. — Loral  also 
claims  that  the  T-14  is  capable  of  tow- 

ing a  properly  configured  1000-Ib.  pay- 
load  which  greatly  increase  the  number 
and  types  of  craft  utilization.  No  addi- 

tional power  is  needed  for  the  towing 

operation. Standard  mounted  and  packaged 
equipment  aboard  the  T-14  includes  a 
T-18  instrument  and  navigation  pod,  a 
T-23  cinemarine  motion  picture  camera, 
and  a  pair  of  photoflood  lights. 

Included  in  the  27-lb.  T-18  package 
is  a  directional  gyro,  attitude  indicator, 
depth  meter,  chronometer,  voltmeter, 
and  water-leak  detectors  for  both  the 
vehicle  and  the  pods. 

The  T-23  camera  is  fully  automatic, 
with  a  200-ft.  film  capacity.  The  com- 

bination lens  system,  co-developed  by 
Rebikoff,  includes  an  f2.0  10mm  wide- 
angle  Retrofocus  Angenieux  photo- 

graphic lens,  and  a  correction  lens  to 
compensate  for  plane  diopter  distortion 
due  to  light  refraction  between  air  and water. 

In  an  effort  to  project  the  T-14  into 
as  many  undersea  roles  as  possible, 
Loral  is  also  developing  the  following 
modified  versions: 

PR-25 — This  is  a  free-flooding  one- 
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Sea  Trials 

by  Michael  Getler 

man  enclosed  version  of  the  T-14  capa- 
ble of  speeds  between  7  and  10  knots. 

Slightly  larger  and  heavier  than  the 
T-14,  this  craft  has  additional  speed 
achieved  through  the  streamlined  hydro- 
dynamic  shape  which  encloses  the  diver. 
A  prototype  of  this  craft  has  been  built 
and  tested. 

PR-29— The  same  T-14 — with  a 
cable  attachment  to  a  surface  power 
generator  for  extended  duration  on 
search  or  station. 

PR-32 — Again,  the  same  T-14  but 
without  the  rider.  The  vehicle  is  re- 

motely controlled  through  an  electro- 
hydraulic  system. 

Design  has  also  been  completed  for 
a  two-man,  pilot  and  observer  version 
for  which  Loral  has  high  hopes.  Speed 
of  this  unit  is  expected  to  approach  12 
knots. 

Loral's  basic  pitch  in  marketing these  vehicles  will  be  the  considerable 
extension  of  current  underwater  capa- 

bilities for  the  military  or  civilian  diver 
through  use  of  the  T-14.  Dr.  Rebikoff 

|  estimates  underwater  speed,  range,  en- 
durance, and  work  load  could  be  in- 

creased  by  a  factor  of  ten  with  these 
vehicles. 

Also,  to  provide  additional  support 
1    for  Rebikoff  and  his  staff,  the  company 
I   again  reached  into  the  European  mar- 

ket and  acquired  the  consulting  services 
of  another  well-known  pioneer  under- 

sea explorer,  Jacques  Piccard.  Among 
|  other  adventures,  Piccard  was  co-pilot 
'  of  the  bathyscaphe  "Trieste"  which  de- 

scended 35,800  ft.  to  the  floor  of  the 
i  Pacific  in  1960.  tt 

ABOVE:  Artist's  drawing  of  two-man  vehicle,  in  which  Navy  is  greatly  interested. 
INVENTOR  OF  T-14  is  Dr.  Dimitri  Rebikoff,  famed  underwater  explorer-photographer. 



missile  electronics 

MISS-DISTANCE  Indicator  A I  A24D-5(Xl-3)  weighs  10  lbs., 
consists  of  (left  to  right)  7 -in.  plastic  scintillator,  transistor- 

ized detector  electronics,  2-in.-dia.  multiplier  phototube. 

A  Gamma-Ray  Miss-Distance  Indicator 

All  three  services  greatly 

interested  in  device  made 

by  Franklin  Systems;  high 

accuracy  and  lower  cost 

by  Charles  D.  LaFond 

THE  AIR  FORCE  is  making  final 
tests  of  a  simple,  accurate  and  light- 

weight missile  miss-distance  indicator 
that  uses  gamma-ray  detection  instead 
of  electromagnetic  energy. 

The  device  represents  the  first  sig- 
nificant breakthrough  in  the  military's 

long  search  for  a  universal  scoring  sys- 
tem. 

At  a  cost  approaching  $100  million, 
the  three  services  have  sought  such  a 
system  for  15  years.  A  host  of  R&D 
contracts  have  been  awarded,  yet  only 
two  operational  systems  are  in  real 
operational  use  today. 

It  now  appears  that  an  investment 
of  less  than  $400,000  has  yielded  an 
approach  that  not  only  works  but  can 
be  used  with  munitions  ranging  from 
20-mm  size  to  Nike-Zeus  or  bigger. 

Developed  by  Franklin  Systems, 
Inc.,  of  West  Palm  Beach,  Fla.,  the 
technique  employs  a  gamma-ray  source 
and  a  detection  device  to  form  a  coop- 

erative scoring  system  between  target 
and  missile. 

Two  systems  actually  have  been  de- 
veloped: one  employs  its  own  flight 

computer  and  transmits  hit-or-miss  in- 
formation to  the  ground;  the  other  re- 

quires a  ground  computer  and  provides 
scalar  miss-distance  measurements.  With 
modification,  the  latter  system  can  also 
provide  relative  velocity  data. 

The  Air  Force  is  just  winding  up 
tests  of  the  latest  models  at  Eglin  AFB; 
the  Army  has  purchased  a  small  lot  of 
the  devices  for  testing  at  Aberdeen 
Proving  Ground  and  at  White  Sands 
Missile  Range;  the  Navy  will  buy  units 
shortly  to  perform  its  own  tests. 

The  intense  interest  in  the  systems  is 
based  largely  on  three  features:  they 
avoid  the  use  of  radio  frequencies,  they 
are  very  accurate,  and  they  are  rela- 

tively small  and  inexpensive. 
•  Past  problems  —  Most  early  ap- 

proaches to  munitions  scoring  involved 
the  use  of  electromagnetic  systems  using 
the  short  components  of  a  radiative 
field.  In  essence  they  transmitted  sig- 

nals and  collected  reflections. 
Doppler  systems — using  both  short 

and  long  pulses — came  next.  They  em- 
ployed strong  output  signals  and  worked 

with  very  weak  return  signals. 
The  big  advantage  of  such  systems 

is  that  they  are  non-cooperative.  How- 
ever, they  have  been  snarled  in  feed- 

back problems  and  high  switching 
transients. 

The  two  systems  now  in  operational 
use  in  the  U.S.  are  the  Parami,  devel- 

oped by  Ralph  M.  Parsons  Co.,  and 
MATTS  (Multiple  Airborne  Target 
Trajectory  System)  developed  by  Cubic Corp. 

The  Parsons'  approach  uses  a  con- 
tinuous pulse  train  r-f  transmission  and 

employs  a  large  transponder  in  the  flight 
vehicle.  It  is  considered  by  many  to  be 
the  best  available — but  its  use  is  limited 
to  large  munitions. 

The  Cubic  system  employs  radar 
techniques  and  is  very  accurate.  How- 

ever, it  requires  a  considerable  amount 
of  flight  hardware  and  a  well-instru- mented range  for  support. 

Other  approaches  which  have  been 
attempted  in  the  past  but  so  far  have 
proved  unsatisfactory  include: 

—Infrared  detection  and  measure- 
ments of  projectile  thermal  radiation. 

— Accoustical  measurement  of  pro- 
jectile shock  waves. 

—Electrostatic  measurements  of 
charges  in  front  of  projectiles. 

—Optical  sensing. 

—Photographic  measurement  of 
projectile  traces. 

The  gamma-ray  cooperative  system 
so  far  appears  to  be  the  best  of  the  new 
approaches.  Franklin  has  worked  on  its 
systems  for  over  five  years  and  has  been 
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working  on  a  series  of  Air  Force  devel- 
opment contracts  for  over  three  years. 

Recently,  M/R  has  learned,  Aero- 
space Corp.  has  awarded  a  development 

contract  to  General  Electric  Co.  for  a 
scorer  to  be  used  in  the  Nike-Zeus  tar- 

get missiles.  They,  too,  will  use  the 
gamma  ray  measurement  approach. 

•  Scoring  method — The  use  of  a 
gamma-ray  emitter  for  missile  or  other 
projectile  scoring  simply  involves  the 
determination  of  count-rate  signal  in 
pulses/min.  over  the  background  level 
at  a  particular  altitude. 

A  munition  tagged  with  a  gamma- 
ray  label  of  specific  millicurie  strength 
will  cause  a  signal  peak  at  minimum 
distance  of  approach  to  a  target,  then 
a  steady  decrease.  Scorer  sensitivity  and 
gamma-ray  source  strength  determine 
the  threshold  hit-distance. 

Tagged  munitions  passing  a  target  at 
constant  relative  velocity  but  at  various 
miss-distances  will  generate  a  family  of 
curves  whose  heights  are  proportional 
to  miss-distance  (plotting  pulse  count/ 
min.  against  time).  Curve  width  (time) 
varies  considerably  in  another  family 
of  curves  generated  by  an  emitting 
munition  having  a  fixed  miss-distance 
but  approaching  a  scorer  at  different 
relative  velocities.  Apex  of  all  curves 
in  the  latter  are  approximately  coinci- 
dent. 

The  FSI  scoring  system  employs  a 
threshold  detector  having  a  fast  and  a 
slow  integrator  circuit  to  analyze  sig- 

nals produced  by  a  passing  projectile. 
Thus  a  decreased  time  constant  in 

the  first  circuit  makes  the  scorer  more 
nearly  peak-reading  and  less  velocity- 
dependent  in  the  range  of  interest. 

Conversely,  by  increasing  the  time 
constant  in  the  slow  circuit,  it  can  be 
used  to  measure  projectile  velocity  up 
to  some  fixed  limit. 

The  first  circuit  measures  miss-dis- 
tance independently  of  velocity;  the 

second  reduces  the  effect  of  spurious 
signals. 

By  fixing  upper  and  lower  limits  of 
the  slow  integrator  for  rejection,  the 
scorer  is  adjusted  for  operation  with 
different  types  of  munitions. 

Both  fast  and  slow  circuits  must 

register  before  a  "hit"  is  indicated. 
For  miss-distance  measurements,  a 

ground  computer  is  employed.  To  ob- 
tain relative  velocity,  a  pah  of  flight 

units  is  used  to  feed  trajectory  data  to 
the  ground  station. 

•  Scorer  and  MDI  —  Development 
of  both  the  Franklin  Proximity  Scorer, 
A/A24D-5(XI-2),   and  Miss-Distance 

'  Indicator,  A/A24-D5(XI-3),  has  been 
the  result  of  over  five  years  of  work. 
The  first  contract  was  begun  in  June, 

I1  1958. 

I The  XI-2  is  designed  to  re
gister 

"hits"  only  and  reject  spurious  emis- 
missiles  and  rockets,  January  15,  1962 

sions  and  near-misses.  The  system  con- 
sists basically  of  three  component 

groups :  a  gamma-ray  tag  or  label  on  the 
munition  fired,  a  detector/scorer  and 
telemetry  system  in  the  target,  and 
ground  receiving  and  recording  elec- 
tronics. 

Developed  under  an  Air  Force  con- 
tract for  Detachment  4  of  Air  Force 

Systems  Command,  located  at  the 
USAF  Target  Development  Laboratory, 
Eglin  AFB,  the  scorer  has  been  under- 

going continual  design  improvement 
and  extensive  test  and  evaluation  since 
early  1960. 

Hit-threshold  ranges  of  15-  or  30-ft. 
spherical  radius  are  standard,  although 
other  miss-distances  can  be  obtained. 

The  scorer  package  weighs  13.5  lbs., 
or  21  lbs.  with  its  lead-acid  recharge- 

able batteries,  and  measures  14.5-in.  x 
7.25-in.-dia.  overall.  Effective  system 
volume  is  400  cu.  in.  plus  another  62 
cu.  in.  for  the  power  supply.  Minimum 
telemetering  equipment  occupies  an- 

other 18-20  cu.  in.  Power  requirements 
are  18-22  volts  at  0.6  amps,  (average) 
or  1.5  amp  peak. 

The  gamma-ray  detector  is  a  7-in.- 
dia.,  spherical-coverage  scintillator  em- 

ploying plastic  phosphor  of  activated 
polyvinyltoluene.  Munition  tags  are 
ring-  or  cap-type  and  source  strength 
(0.6  millicurie  of  zinc  65  for  15-ft. 
range)  can  be  varied  to  determine 
scorer  range. 

Franklin  uses  a  Bendix  TXV-13 

transmitter  for  telemetering  data  to 
ground.  It  operates  on  a  frequency  of 
234.0  mc.  Power  requirements  are  2 
watts,  to  provide  a  range  of  over  60 
miles  at  35,000  ft.  A  variety  of  anten- 

nas could  be  used,  but  Franklin  has 
found  a  horizontal  half-wave  dipole  to be  satisfactory. 

System  tests  at  the  Eglin  firing  range 
so  far  have  used  20-mm  rounds  and  5- 
in.  HVAR's.  Scorers  were  installed  in 
OQ-19  target  drones,  and  MC-3  and MC-5  tow  targets. 

The  XI-3  MDI  circuitry  is  func- 
tionally similar  to  its  predecessor,  the 

XI-2,  but  is  considerably  simplified. 
Also  transistorized,  it  weighs  10  lbs. 
without  power  supply  and  occupies  265 
cu.  in. 

Standard  ranges  are  from  5  to  50  ft. 
and  can  be  extended  readily  anywhere 
in  the  range  of  from  1  to  1000  ft.,  the 
company  reports.  Nominal  accuracy  is 
10%  of  actual  range.  All  scoring  is 
performed  at  the  ground  stations. 

The  MDI  requires  24  to  28v  at  1.6 
amp.  and  uses  either  a  7  or  SVi  in.  dia. 
scintillator  for  gamma-ray  detection. 

A  Bendix  TXV-22,  2-watt  transmit- 
ter is  used  for  telemetering.  Frequency 

used  is  234.0  mc  and  range  also  is  over 
60  miles  at  35,000-ft.  altitude  with  a 
dipole  antenna. 

With  modification,  FSI  president 
Henry  C.  Gibson,  Jr.,  states  that  the 
system  could  be  employed  as  an  anti- 
ballistic  missile  miss-distance  scorer  or 

SCORED 
MUNITION 

PIKSE AMPLIFIER 

X/-3  MISS-DISTANCE  INDICATOR  (SCORER) 

PULSE 
■  AMPLITUDE  - DISCRIMINATOR 

PULSE FORMER PULSE  •  -  "'  234  MC 
MODULATION  — *■  2  WATT DRIVER  TRANSMITTER 

\\  // 
24  10  29V PRIME 
POWER 
SOURCE 

20  VOLT PRIME 
POWER XI-2  PROXIMITY  SCORER /     SOURCE  \ 

<7  
\x 

PULSE 
AMPLIFIER 

1  1 PULSE 

AMPLITUDE  " 
D1SCRIMINAW8 

PULSE 
FORMER 

3-5  SECOND 

BLOCKING SIGNAL 

l — INHIBIT  SIGNAL 

RUNNING .1  SECOND 

GATE 

234  MC 2  WATT 
TRANSMITTER 

U  i  4 3SMS DURATION 
GATE 

CONTROLLED I'OWEP, 

SUPPLY 
-AC  SIGNAL  MODULATION- 

35 



SWEET 

SOUND  OF 

SUCCESS 

■ 

Each  time  the  mighty  Minuteman  roars 
through  a  static  or  flight  test,  Allison 
gains  new  stature  as  a  major  source  of 
steel  cases  for  large,  solid  propellant 
rocket  engines.  First  and  second  stage 
cases  for  Minuteman,  designed  and 
built  by  Allison  under  contract  to  Thio- 
kol  and  Aerojet-General,  continue  to 
achieve  an  impressive  100%  reliability  4 
record. 

Expanding  work  in  this  area  now  in- 
volves not  only  steel,  but  titanium  and 

glass  filament  wound  cases  as  well.  In 
this  connection,  a  numerical  analog  con- 

trol glass  filament  winding  machine, 
designed  and  built  by  Allison,  has 
proved  to  be  one  of  the  most  versatile  machines  of  its  type  in  the  nation. 

Looking  ahead,  this  successful  program  indicates  applications  with  Nova, 
Satan,  Scout,  Saturn  C-3  and  C-4,  MRBM,  and  advanced  types  of  Minuteman 
and  Polaris. 

Other  major  achievements  in  rocketry  research  include  development  of  im- 
proved high-temperature,  solid-propellant  rocket  nozzles;  solid  and  liquid  pro- 
pellant reaction  systems  for  control  of  attitude  and  velocity  of  ballistic  missiles 

and  space  vehicles,  and  a  number  of  inventions  relating  to  unique  propulsion 
systems. 

Further  expansion  and  development  of  these  and  similar  programs  has  created 
immediate  opportunities  for  men  with  experience  and  advanced  degrees  to  share 
in  Allison's  success.  Specifically,  we  have  openings — now — for  the  following 
people : 

SYSTEMS  ANALYSTS— (MS  or  PhD  in  ap- 
plied mathematics)  should  have  at  least 

4  years  experience  in  analytical  solution 
of  physical  phenomena,  represented  by 
differential  equations  of  all  types.  Engi- 

neering analysis  of  hot  gas  dynamics, 
combustion,  interior  ballistics  and  grain 
design,  structural  design,  control  sys- 

tem synthesis,  missile  dynamics  and 
overall  systems  performance. 

SYSTEMS  ANALYSTS— (MS)  with  minimum 
of  4  years  experience  in  field  of  engi- 

neering and  mathematics.  Trade-off 
studies  for  rocket  engine  systems  and 
components  and  provide  planning  in- 
formation. 

ENGINEERS— (BS  or  MS)  with  4-5  years 
experience  in  gas  dynamics  and  nozzle 
mechanics  design.  Design  and  analysis 
of  nozzles  for  solid  propellant  rocket 
engines ;  conceptual  design  of  advanced 
nozzles,  including  regeneration  and  sub- 

limation cooling. 

DESIGN  or  MECHANICAL  ENGINEERS— 3-5 
years  background  in  plastic  case  design 
and  development,  plus  sound  design  and 
structures  background.  Design  and  an- 

alysis of  plastic  pressure  vessels. 
Other  openings  exist  for  scientists  and 

engineers  qualified  in  various  phases  of 
Allison's  advanced  energy  conversion 
programs. 

indicator.  Closing  velocities  up  to 
40.000  ft. /sec.  in  outer  space  could  be 
handled  by  the  MDI,  he  said. 

•  Gamma-ray  tags  —  The  radio- 
active tags  generally  are  first  drawn 

from  a  desired  base  metal.  After  fab- 
rication, they  are  sent  to  a  reactor  for 

neutron  irradiation. 
To  avoid  contamination  in  hand- 

ling, tags  are  often  plated  with  a  very 
short  half-life  metal  such  as  gold  or 
copper.  By  the  time  the  tags  are  used, 
the  plating  is  non-radioactive. 

When  ready  for  use,  tags  are  at- 
tached to  munitions  with  special  tools 

and  a  high-tack  cement.  Tools  used 
assure  that  the  radiation  exposure  level 
for  handling  personnel  remains  at  least 
an  order  of  magnitude  below  maximum 
permissible  levels. 

Franklin  cites  the  example  that  one 

20-MM  ROUNDS  are  tagged  with  radio- 
active labels.  Emitter  intensity  and  scorer 

sensitivity  determine  hit  distance. 

would  have  to  remain  for  1  minute  at  a 
distance  of  three  feet  from  a  pile  of 
7500  typical  tags  to  take  a  chest  X-ray. 
Tests  also  have  shown  that  flight  per- 

sonnel are  subjected  to  almost  no  addi- 
tional exposure  compared  to  normal 

cosmic  ray  background. 
Handling  procedures  have  been  ap- 

proved by  the  Atomic  Energy  Commis- 
sion; however,  AEC  licenses  must  be 

issued  for  personnel  and  mission  areas. 
Two  independently  performed  stud- 
ies of  the  possible  hazards  involved  in 

the  sea-water  disposal  of  tags  have  been 
made  for  Franklin.  Both  Dr.  Fritz  F. 
Koczy,  head  of  the  physical  science 
division  of  Miami  University's  Marine Laboratory  in  Florida,  and  Dr.  Dayton 
E.  Carritt,  assistant  director  of  Chesa- 

peake Bay  Institute,  Johns  Hopkins 
University,  concluded  in  their  reports 
that  the  radiation  effects  of  one  million 
tagged  20-mm  shells  (using  zinc  65) 

missiles  and  rockets,  January  15,  1962 

Join  the  progressive  Allison-GM  team  in  the  stable  Midwest.  For  immediate 
information  on  the  advanced  opportunities  in  Allison's  aerospace  programs, please  contact  Mr.  V.  A.  Rhodes,  Professional  and  Scientific  Placement,  Dept. 
702,  Allison  Division,  General  Motors  Corporation,  Indianapolis  6,  Indiana. 
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deposited  in  one  year  in  off-shore  waters 
would  be  well  within  the  bounds  of 
safety. 

•  Air-to-air  MDI— Using  a  modi- 
fied XI-3  Miss-Distance  Indicator  sys- 
tem, Franklin  has  now  developed  a 

method  for  determining  target  miss-dis- 
tance and  relative  velocities  up  to 

20,000  ft./sec.  for  air-to-air  missiles. 
Distances  from  0  to  1 00  ft.  or  more 

can  be  measured  and  read  out  on  the 
ground  in  real  time  with  reasonable 
accuracy.  By  taping  outputs  and  using 
a  computer,  both  velocity  and  distance 
can  be  obtained  with  higher  accuracy, 
developers  say. 

Also,  for  those  situations  where  ion- 
ized layers  exist  about  the  target,  a 

radioactive  source  installed  on  the  tar- 
get will  permit  a  quantitative,  instanta- 

neous, cooperative  measurement. 
The  approach  consists  essentially  of 

the  use  of  a  gamma-ray  emission  from 
the  target  and  a  sensitive  detection/ 
transmission  system  from  the  missile.  A 
pulse  or  analog  signal  is  transmitted 
through  a  telemetering  system  to  a 
ground  station  and  the  output  data  are 
recorded.  Both  a  wide  band  magnetic 
tape  recording  and  a  graphic  display 
(for  real-time  presentation)  are  made. 

This  modified  XI-3  system  uses  a 
rugged  2-in.-dia.  multiplier  phototube — 
an  ASCOP  model  541 A  or  543 A,  a  fast 
transistorized  pulse  amplifier,  discrimi- 

nator, and  pulse  divider  with  pulse-pair 
resolution  of  5x1 0-8  sec. 

FSI  engineers  assert  that  the  equip- 
ment configuration  will  permit  rapid 

pulse  counting  without  signal  pile-up  to 
within  a  few  feet  of  miss-distance. 
Measure  of  miss  distance  to  zero  range 
can  be  obtained  with  an  analog  output 
(for  count  rates  to  1010  pulses/sec). 

Data  are  telemetered  to  ground 
using  the  50-100  kc  bandwidth  capa- 

bility of  a  standard  link. 
Miss-distance  accuracy  to  10  ft.  ± 

5%  at  15,000  ft./sec.  relative  velocity 
is  obtainable,  developers  say,  by  using 
roughly  56  millicuries  of  radio  zinc  65 
or  antimony  124.  The  zinc  has  a  260- 
day  half  life,  antimony  60  days. 

Other  typical  values  based  on 
gamma-ray  source  strength  as  calculated 
by  FSI  are  shown  in  the  accompanying 
table. 

Relationship  of  Miss-Distance 
Measurement  Variables 

(Typical  Values) 
Source MDI Scalar Relative 
Strength Accuracy* Distance Velocity 

(millicuries] (%) (feet) (feet) 186 ±10 100 20,000 560 ±10 40 
15,000 560 ±20 160 15,000 704 ±  5 100 20,000 704 ±10 200 10,000 

•For  a given  source strength, the  square  of  the 
accuracy  pe ■centage  varie 

(1)  directly   as  the scalar  mis s-distance,    with  a constant  relative velocity; 
or 121  inve -se/y    as  the relative velocity,    with  a 

constant  scalar  miss-distance 
Complete  indicator  circuitry  also  re- 

MODICON*  V  is  the  only  transportable 

automated  system  already  developed  with 

a  first-day  capability  for  the  command  and 

control  of  tactical  aircraft,  interceptors  and 

guided  missiles . . .  that  can  go  anywhere. 

Engineers  qualified  to  contribute  to  digital 

data  handling  and  display  systems  will  find 

unusual  opportunities  at  Litton.  An  Equal 

Opportunity  Employer. 

Trademark.  For  descriptive  literature  on  MOdular  Dispersed  CONtrol  Systems,  write 

ffl 

LITTON  SYSTEMS,  INC. 
DATA   SYSTEMS  DIVISION 
CANOGA     PARK,  CALIFORNIA 

Command  and  Control  Systems:  Air  Defense,  Space  Vehicles,  Air  Traffic 
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Blacksburg,  Virginia 

Product  Reliability  Is  Priceless 

quires  a  telemetry  modulator  and  trans- 
mitter. 

Even  with  a  fine  resolution  obtain- 
able in  the  pulse  circuitry,  there  is  a 

10%  count  rate  loss  at  10°  counts/sec. 
For  a  rate  to  1010  counts/sec,  an 
analog  peak  signal  channel  instead  of 
pulse  counting  would  give  a  1  %  ac- 

curacy, limited  only  by  the  telemetry 
bandwidth  channel.  Readout  is  by  an 

analog  output  through  a  1-mc  band- 
width amplifier. 

Actual  count  rate  is  transmitted 
digitally,  and  will  vary  from  the  typical 
background  rate  of  about  200  to  400 
counts/sec.  to  a  peak  rate  of  lOVsec. 

Scaling  factors  of  2,  4,  8  and  16  are 
used.  Also,  an  integrated  analog  signal 
from  10"  to  1010  cps  can  be  transmit- 

ted to  permit  a  large  dynamic  range  of 
miss-distance  indication. 

•  Many  advantages  —  Franklin  en- 
gineers claim  many  distinct  advantages 

in  the  use  of  gamma  rays  for  scoring 
and  miss-distance  indication  as  opposed 
to  conventional  radio  frequency  or  op- 

tical systems. 

A  principal  advantage  is  that  the 
approach  creates  no  interference  with 
communication  or  telemetry  systems  in 
the  vicinity — or  for  that  matter  with 
any  other  nonnuclear  electronic  equip- 

ment. Conversely,  radiations  are  non- 
jammable  by  other  electronic  equip- ment. 

The  radiating  material  is  a  passive 
emitter  requiring  no  external  power 

supply.  Also,  since  the  material  re- 
quired is  so  small,  it  can  be  attached  to 

the  smallest  munitions  without  altering 
aerodynamic  or  ballistic  properties. 

Other  advantages  claimed: 
—Independence  of  the  radiosotope 

gamma-ray  source  from  ordinary  en- 
vironmental influences  such  as  tempera- 

ture and  pressure. 
—Source  life  can  be  predetermined 

by  the  selection  of  various  radioisotopes. 
Decay  strength  can  range  from  hours 
to  years,  depending  only  on  the  require- ment. 

—Finally,  the  radiation  is  non-de- tectable beyond  design  range. 

Franklin's  president  Gibson  told 
M/R  that  production  quantities  of  its 
XI-3  system  (without  telemetry  or 
power  supplies)  should  lower  the  unit 
price  to  about  $800.  Experimental 
quantities  now  are  available  at  from 
$2000  to  $3000  each. 

Systems  modified  for  ranges  out  to 
1000  ft.  and  capable  of  indicated  miss 
distance  and  relative  velocity  might  run 
to  $25,000  per  installation. 

It  is  understood  that  the  Franklin 
system  is  being  considered  for  use  with 
several  other  missiles.  8 
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Questions 

and 

products  and  processes- 

New  Product  of  the  Week: 

Preventive  Maintenance  Tape  Tester 

Three  data  processing  products  de- 
signed as  a  complete  preventative  main- 

tenance system  for  magnetic  tape  are 
available  from  General  Kinetics  Inc. 

The  three  products  are  the  Model 
Seven  Tape  Tester,  the  Model  CT-2 
KINESONIC  Tape  Cleaner  and  the 
Model  WT-183  Programed  Tension 
Tape  Winder. 

The  Model  Seven  Tape  Tester  makes 
both  signal  and  noise  tests  (in  one  pass) 
to  determine  existing  and  potential 
trouble  spots.  Defects  due  to  dropouts, 
noise  pulses  and  time-displacement 
errors  are  detected  and  recorded. 

The  Model  CT-2  KINESONIC  Tape 
Cleaner  reduces  computer  stoppages  due 
to  tape  errors  caused  by  loose  oxide, 
tape-base  chips  and  common  dirt  con- 

taminations which  collect  on  the  tape 
and  which  may  deposit  on  the  magnetic 
reading  and  writing  heads.  The  GKJ 
tape  cleaner  reduces  computer  lost  time 
while  extending  tape  life. 

The  Model  WT-183  Programed  Ten- 
sion Tape  Winder  produces  smooth, 

stable  rolls  by  programing  the  winding 
tension  (through  the  use  of  tension  con- 

trol cams)  to  optimize  each  particular 
combination  of  tape  material  and  reel 
type.  Off-line  winding  of  tape  on  the 
WT-183  aids  trouble-free  storage  and 
minimizes  the  effects  of  humidity  and 
temperature  change  as  well  as  those  of 
shock  and  vibration  during  shipment. 

Circle  No.  225  on  Subscriber  Service  Card 

D-C  Power  Amplifier 

Inertronics,  Inc.,  is  marketing  a  d-c 
power  amplifier  for  use  in  driving  d-c 
torquemotors  of  3W  to  100W  capacity 
from  28  V  d-c  line.  This  Class  B  silicon 
transistor  amplifier  may  be  connected 
for  either  voltage  or  current  feedback 

GLOBAL 

COMMUNICATIONS 

CAPABILITIES 

of 

RCA 

What  capabilities?  From  which  subsidiary  of 
RCA? 
From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  -  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, 
telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities 
available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Most  Trusted  Name  in  Communications 
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...products  and  processes 

for  optimum  servo  response,  and  is 
completely  protected  against  normal 
causes  of  failure.  Full  output  is  achieved 
with  2V  signal  into  100K  input.  Drift 
is  under  10%  over  rated  temperature 
range  of  -55°C  to  125°C. Circle  No.  226  on  Subscriber  Service  Card 

Long-Life  Capacitors 
A  line  of  capacitors  with  expected 

service  life  of  50,000  hours  with  90% 
confidence  has  been  introduced  by 
Dearborn  Electronic  Laboratories  Inc. 
Units  are  rated  100VDC  and  designed 
to  withstand  acceleration,  vibration, 
shock  and  radiation  effects  encountered 
in  space-orbital  and  interplanetary  ve- 

hicles. All  units  are  subjected  to  pro- 
duction-line cycling  and  short-term  life 

tests.  Failure  rate  will  not  exceed 
0.0065%  per  1000  hours,  and  lower 
rates  are  being  established  as  pro- 

posed in  PSMR-1,  Department  of  De- 
fense. 

Circle  No.  227  on  Subscriber  Service  Card 

Sound  Wave  Meter 

A  Type  412  sound  wave  meter  is 
available  from  H.  H.  Scott,  Inc.  The 
unit,  with  its  accessories,  constitutes  a 

complete  measuring  and  analyzing  sys- 
tem for  environmental  testing  and  other 

applications  where  full  information  on 
the  characteristics  of  noise,  sound  or  vi- 

bration is  required.  In  addition,  the  unit 
can  be  used  as  a  portable  amplifier, 
voltmeter  and  attenuator  in  the  audio 
frequency  range. 

Circle  No.  228  on  Subscriber  Service  Cord 

Shielded  Reed  Relay 

Encased  in  magnetically  shielding 
enclosures,  reed  relays  with  non-mag- 

netic tin-coated  #22g  copper  wire  ter- 
minals are  available  from  Struthers- 

Dunc  Inc.  The  units  minimize  the  ef- 
fects of  external  magnetic  fields,  the 

changing  of  relay  characteristics  in- 
curred by  cutting  or  bending  heavy 

magnetic  terminals,  and  the  difficulty  in 
soldering  them. 

The  Type  RR2A2BS  shielded  read 
relays  contain  two  Form  A  and  two 
Form  B  break-before-make  reed  con- 

tacts encased  in  a  fully  protected  steel 
package.  Inherently  stable  operating 
characteristics  may  be  utilized  fully 
without  need  to  exercise  extreme  care 
in  applying  the  relays. 

Circle  No.  229  on  Subscriber  Service  Card 

Proving  Ring 

The  largest  capacity  proving  ring 
ever  made  to  the  National  Bureau  of 

Standards'  specifications  is  available 
from  Morehouse  Machine  Co.  It  is  cap- 

able of  measuring  compression  forces 

up  to  1,200,000  lb.  to  accuracies  well 
within  Vio%  of  applied  load.  The  ring, 
which  is  30V2  in.  high  and  weighs 
625  lbs.,  has  the  standard  deflection- 
measuring  apparatus  consisting  of  a  mi- 

crometer screw  and  a  vibrating  reed. 
NBS  calibrated  it  by  using  four  300,000 
lb.  specially  made  precision  proving 
rings  loaded  in  parallel. 

Circle  No.  230  on  Subscriber  Service  Card 

Counter-Timer 
An  electronic  frequency  counter- 

timer  is  available  from  the  Ransom  Re- 
search Division  of  Wyle  Laboratories. 

Specifications  of  the  Model  1197 
include:  250  kc  count  rate;  5-digit,  in- 

line projection  display  readout;  0.25v 
rms  sine  or  square  wave  input  sensitiv- 

ity; crystal  oscillator  time  base;  100  kc 
clock  output;  external  clock  input; 

"Ready"  output;  "start"  and  "stop" 
trigger  input;  0.1,  1,  and  10-second 
frequency  time  gates;  1,  10,  and  100 
cycle  period  sample  times. 

Circle  No.  231  on  Subscriber  Service  Card 

IMMEDIATE  DELIVERY 

OFF-THE-SHELF! 

ALL  28  CONTAINER 

SIZES  PER  BUWEPS 

DWG.  LIST  2210448 
POLARIS  PROGRAM 

All  28  sizes  of  standardized  containers  per  Navy 
BUWEPS  Drawing  List  2210448  as  required  for  Polaris 
sub-system  and  other  programs  are  now  available  for 
off-the-shelf  delivery  from  both  Zero  facilities.  These 
rugged,  lightweight  containers  are  equipped  with 
latches,  pressure  equalizers  and  humidity  indicators 
.  .  .  meet  requirements  of  MIL-T-945A  and  MIL-21200. 
Sizes  range  from  5V*"  x  63/a"  to  19"  x  22".  Easy  to accessorize,  they  are  readily  adaptable  for  use  as 
portable  instrument  cases,  transit  cases,  etc. 

ZERO  MANUFACTURING  CO. 
1121  Chestnut  Street,  Burbank,  California 
Telephone  Victoria  9-5521  •  TWX  BRB-9862 
Factories  in  Burbank,  California  and  Palmer,  Mass. 

JUST  OFF  THE  PRESS! 
Write  for  catalog  with 
complete  specifications 
and  details  on  these 
new  cases. 
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550  to  1100  MC 

Multicouplers 
Applied  Research  Inc.  is  marketing 

a  550  to  1100  mc  series  of  broadband 
multicouplers,  designated  HFM-6(A)- 
55110,  available  with  2,  3,  4,  6  or  8  out- 

puts. A  noise  figure  of  11  db  and  a 
gain  of  10  db  from  input  to  any  output 
makes  this  a  practical  device  for  field 
or  laboratory  use.  Nominal  20  db  iso- 

lation is  provided  between  all  outputs. 
In  addition  to  regular  use  for  re- 

ception over  this  broadband,  the  multi- 
coupler  has  unusual  pertinence  for  sys- 

tem test  when  used  with  four  or  more 
spectrum  analyzers  from  the  same 
probe. 

Circle  No.  232  on  Subscriber  Service  Cord 

Low-Pressure  Indicator 

Aero  Mechanism's  Model  8007  is  a 
small,  rugged,  extremely  sensitive  low- 
pressure  gauge  for  wide  application  in 
ground  support  and  flight  equipment 
and  many  critical  commercial  installa- 
tions. 

Exceptional  sensitivity  is  achieved 
through  a  specially  designed  and  built 
non-corrosive  sensing  diaphragm.  All 
seals  are  metallic.  Range  is  0  to  40  in. 
of  water;  accuracy  and  repeatability  is 
1  in.  of  water;  operating  temperature  is 
—  65°F  to  185°F  and  hysteresis  is  0.5 
in.  water;  shock  and  vibration  resistance 
are  within  MIL-E-5272C. 

Circle  No.  233  on  Subscriber  Service  Card 

new  literature 

SILICONE  POTTING— General  Elec- 
tric has  published  a  brochure  on  two 

basic  types  of  silicone  materials  for  pot- 
ting, embedding  and  encapsulation  of 

electrical  and  electronic  equipment — the 
widely  used  RTV  (room  temperature 
vulcanizing)  silicone  rubber  compounds 
and  the  new,  transparent  clear  silicone 
potting  compound,  LTV-602.  The  pub- 

lication, S-23,  provides  full  informa- 
tion on  the  exceptionally  tough  RTV 

silicone  rubber  compounds  and  the  new, 
extremely  resilient  transparent  material 
which  provides  continual  inspection  and 
easy  repair  of  potted  assemblies. 

Circle  No.  200  on  Subscriber  Service  Card 

FACILITIES  —  Computer  Equipment 
Corp.  has  issued  a  facilities  brochure 
describing  the  company's  capabilities  in 
the  fields  of  computing  and  data  proc- 

essing, time  and  time  measurement  sys- 
tems, and  hybrid  systems  which  com- 

bine the  advantages  of  analog  and  digital 
techniques.  The  brochure  explores  the 
fundamentals  of  hybrid  systems  as  well 
as  the  conversion  of  time  intervals  into 
digital  form.  It  also  details  the  com- 

pany's facilities  for  research,  develop- 

ment and  production  and  gives  brief 
biographies  of  key  management  per- 
sonnel. 

Circle  No.  201  on  Subscriber  Service  Cord 

SOFAR — Special  Devices,  Inc.  is  cur- 
rently issuing  the  first  five  in  a  series 

of  Technical  Data  Memoranda  to  pro- 
vide engineers  and  scientists  in  the  aero- 

space field  with  detailed  technical 
information  on  SDI  products  and  sys- 

tems. This  data  includes  system  or 
device  description,  physical  and  environ- 

mental characteristics,  applications,  ad- 
vantages and  charts  and  graphs.  The 

technical    data    immediately  available 

are:  SOFAR  Bomb  (Sound  Fixing  and 
Ranging),  Infrared  Source,  EBW  (Ex- 

ploding Bridgeware)  Cartridges,  EBW 
(Exploding  Bridgewire),  Continuity 
Checker,  and  Frangible  Nut  Separation 

System. Circle  No.  202  on  Subscriber  Service  Cord 

BANDPASS  FILTERS  —  Applied  Re- 
search Inc.,  has  published  a  data  sheet 

for  its  HFF(A)-6  Series  of  Bandpass 
Filters,  frequency  range  30  to  100  mps. 
These  data  sheets  for  model  HFF(A)-6 
Bandpass  Filters  are  available  from 
GLM  Associates,  1700  K  Street,  N.W., 
Washington.  D.C. 

Circle  No.  203  on  Subscriber  Service  Card 

Out  of  this  world! 

That's  "Aerospace"— a  brand  new  industry  that  could 
be  the  key  to  national  security— perhaps  be  the  key  to 
new  opportunities  for  investors,  besides. Why? 

Because  current  Government  estimates  call  for  spend- 
ing between  840  and  870  billion  in  this  decade  on  space 

projects.  Because  some  private  estimates  run  as  high 
as  — or  higher  — than  S125  billion. 

And  that's  a  lot  of  money: 
To  put  the  first  man  on  the  moon,  or  Mars,  or 
Venus .  .  . 

To  build  B-70's  or  "Hound  Dogs"  .  .  . 
To  come  up  with  the"Sky  Bolt"orthe"Minuteman." 

And  don't  forget  names  like  "The  Mauler."  "Davy 
Crockett,"  "Redeye,"  or  "Hawk,"  either. 

Taken  collectively,  they  constitute  a  bewildering  new 
world  of  military  products  and  military  expenditures. 
And  they  have  important  implications  for  the  building 
of  houses  and  highways,  hospitals  and  factories,  too. 

These  are  the  reasons  why  we've 
just  published  a  brand  new  32-page 

booklet  called  "Aerospace." 
Beginning  with  a  thorough-going 

discussion  of  the  subject  in  general, 
the  report  also  pro\ddes  detailed 
investment  digests  on  25  leading 
companies  in  the  field  .  .  .  gives 
you  facts  and  figures  on  income, 
earnings,  dividends  . . .  spells  out 
in  detail  the  place  of  each  in 
space  technology. 

If  you  want  to  look  ahead  ten  years  in  life,  don't  miss spending  ten  minutes  with  this  booklet. 

It's  yours  for  the  asking  if  you'll  simply  call,  come  in, 
or  write  — 

Department  AO-199 

HI _  □  MERRILL  LYNCH, 

I_H  PIERCE,  FEN  M  E  R  &  SMITH  INC 
MEMBERS  NEW  YORK  STOCK  EXCHANGE  AND  OTHER  PRINCIPAL  STOCK  AND  COMMODITY  EXCHANGES 

70  PINE  STREET.  NEW  YORK  5.  NEW  YORK 
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The  Applied  Physics  Laboratory  of  The 
Johns  Hopkins  University  has  responsi- bilities in  the  evaluation  of  the  Polaris 
Missile  System.  We  invite  you  to  consider 
the  following  career  appointments: 

Senior  Mathematicians 
Duties  will  involve  statistical  analysis  of 
complex  test  data  for  performance,  reli- 

ability and  operation  evaluations.  A  back- ground in  physics  or  electrical  engineering is  desirable. 
Project  Engineers 

For  field  test  operations  involving  a  team 
effort  of  Contractor,  Navy  and  APL  Per- sonnel. Work  will  include  launch  and 
flight  data  acquisition  analysis  and  moni- toring of  shipboard  activities  related  to 
the  Polaris  Missile  System.  Prefer  engi- neers with  considerable  background  of project  level  responsibilities. 

Systems  Engineers 
APL  has  several  positions  available  on the  associate  and  senior  levels  for  men 
with  experience  in  electrical  engineering, 
physics,  mechanical  engineering,  dynam- 

ics, or  computer  engineering.  Will  per- form systems  work  related  to  fire  control, navigation,  missiles,  and  submarine  con- 
trols.  Assignment  involves  field  work  and 
contact  with  the  Navy  and  Contractor Personnel. 

Systems  Analysts 
Respondents  must  have  heavy  theoretical 
background  and  ability  to  read  and  un- 

derstand telemetry  records.  Will  perform 
basic  analysis  of  systems  related  to  fire control,  navigation,  missiles,  and  subma- 

rine controls.  May  also  be  required  to 
simulate  and  solve  orbit  and  doppler 
equations.  Associate  and  senior  level  ap- pointments. 

Data  Requirements,  Instrument  Engineers 
Positions  require  a  physicist  or  electrical 
engineer  with  experience  in  evaluation, 
data  acquisition  and  testing  of  instrumen- 

tation installations.  Will  analyze  sub-sys- 
tems such  as  guidance,  propulsion, 

controls,  boosters,  and  inertia!  systems  in- 
dividually and  as  integral  parts  of  over-all 

systems  to  derive  data  requirements  and instrumentation.  Duties  involve work. 
•  field 

APL  will  provide  you  with  a  professional atmosphere  conducive  to  creative  effort 
as  well  as  the  tools  and  technical  support 
required  to  tackle  these  and  related  prob- lems. Our  facilities  are  located  in  Silver 
Sprint;,  a  residential  suburb  of  Washing- ton, D.  C,  offering  you  a  choice  of  coun- try, suburban  or  city  living. 

For  additional  details, 
direct  your  inquiry  to: 

Professional  Staff  Appointments 

The  Applied  Physics  Laboratory 

The  Johns  Hopkins  University 
8643  Georgia  Avenue,  Silver  Spring,  Md. 
All  qualified  applicants  will  receive  consideration  for  employ- 

ment without  regard  to  race,  creed,  color  or  natmnal  origin. 

contracts- 

AIR  FORCE 

$36,661,947— The  Boeing  Co.,  Seattle,  for  re- 
search, development  and  testing  and  for 

depot  tooling  for  assembly  and  disas- sembly of  the  Minuteman  missile  (two contracts) . 
$8,195,500 — Martin  Marietta  Co.,  Denver,  for Titan  1  missiles. 
$7,884,480 — Lockheed  Aircraft  Corp.,  Sunny- vale, Calif.,  for  design,  development  and 

fabrication,  and  for  production  of  long- 
lead-time  follow  Items  for  Age.na  B  vehi- 

cles and  for  Agena  equipment  and  launch 
support  (three  contracts). 

$7,261,776  —  General  Dynamics  Corp.,  San 
Diego,  for  product  Improvement  of  ground 
support  equipment  for  the  E  series  Atlas 

ICBM's. $7,078,396 — Avco  Corp.,  Stratford,  Conn.,  for 
production  of  ICBM  re-entry  vehicles  and 
a  supplemental  contract  for  research,  de- 

velopment and  fabrication  of  a  Minute- 
man  re-entry  vehicle  (two  contracts) . 

$7.000,000 — General  Electric  Co.,  Syracuse, 
for  a  weapons  control  system  for  defense 
against  air-breathing  missiles. 

$5,753,055 — Avco  Corp.,  Wilmington,  Mass., for  continued  development  of  nose  cones 
for  Titan  I  and  Atlas  ICBM's. 

$4,444,764 — General  Dynamics  Corp.,  San 
Diego,  for  providing  spares,  for  site 
activation,  and  for  work  on  the  test  pro- 

gram for  Atlas  ICBM's  (three  contracts). 
$4.435,000 — Sylvania  Electric  Products,  Inc., Mountain  View,  Calif.,  for  engineering, 

fabrication  and  Installation  of  prototype 
radar  equipment. 

$2,600,857— North  American  Aviation,  Canoga 
Park,  Calif.,  for  production  of  Atlas  mis- sile propulsion  systems. 

$2,570,000 — The  Boeing  Co.,  Seattle,  for  work 
on  the  hardened  Minuteman  system. 

$1,786,450 — North  American  Aviation,  Dow- 
ney, Calif.,  for  depot  tooling  of  test  equip- ment In  support  of  the  Minuteman missile. 

$1,000,000 — Philco  Corp.,  Western  Develop- ment Laboratories,  Palo  Alto,  Calif.,  for 
work  on  Advent  communications  satellite 
program. $871,810  —  Page  Communications  Engineers, 
Inc.,  Washington,  DC,  for  transportable 
tropospheric  scatter  communications  link. 

$231,000— Electro-Optical  Systems,  Inc.,  Pasa- 
dena, Calif.,  for  additional  facilities,  re- 
search and  development  test  equipment. 

$130,000— University  of  Minnesota,  Minne- 
apolis, for  research  Into  behavior  of  ma- 
terials and  configurations  in  cyclic-load environments. 

$128,982— Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  for  components  of  MA-1  flight  di- 

rector systems,  data  and  aerospace  ground 
equipment. 

$94,340 — Richie  and  Associates,  Inc.,  Dayton, 
Ohio,  for  research  in  new  techniques  for control  display. 

$78,500 — General  Electric  Co.,  Missile  and 
Space  Vehicle  Department,  Philadelphia, 
for  design  study  of  gravity-independent 
photosynthetic  gas  exchanger. 

ARMY 

$28.000.000— General  Telephone  &  Electronics 
Corp.,  Waltham,  Mass.,  for  continued  de- 

velopment of  an  advanced  radar  design 
for  the  Nike-Zeus  antimissile  system. 

$12.376.800 — Western  Electric  Co.,  New  York 
City,  for  continued  development  of  the 
Zeus  Multi-Function  Array  Radar 
(AMAR)  for  possible  incorporation  into 
the  Nike-Zeus  antimissile  missile  system. 

$5.871,420 — Land-Air  Inc.,  Chicago,  for  col- 
lection of  missile  ln-fllght  data  at  White 

Sands  Missile  Range  and  for  research  and 
42 

development  of  range  Instrumentation 
equipment. 

$2,623,367— Hughes  Aircraft  Corp.,  Fullerton. 
Calif.,  for  helicopter  transportable  equip- 

ment to  coordinate  the  firing  of  air-de- fense missile  batteries. 
$2,235,805 — Emerson  Electric  Manufacturing 

Co.,  St.  Louis,  for  motor  metal  parts  for 
the  Honest  John. 

$2,000,000 — Esso  Research  and  Engineering 
Co.,  Linden,  N.J.,  for  continuation  of  ad- 

vanced research  Into  solid  rocket  pro- 
pellants. $2,000,000 — Zenith  Radio  Corp.,  Chicago,  for 
safety-arming  devices  for  the  LAW  anti- tank rocket. 

$1,939,350 — Norris  Thermador  Co.,  Los  Angeles, 
for  production  of  rockets  and  rocket  mo- 

tors and  bodies,  work  to  be  performed  at the  Vernon  Plant. 
$1,932,634 — Telecomputing  Service,  Inc., 

Northridge,  Calif.,  for  reduction  of  missile 
flight  data  at  White  Sands  Missile  Range 

$1,818,572 — The  Hayes  Corp.,  Birmingham. 
Ala.,  for  work  on  training  equipment  to 
be  used  In  connection  with  the  Pershing 
missile  system. 

$1,400,000— Raytheon  Co.,  Missile  and  Space Division,  Bedford,  Mass.,  for  ARPAT 

project. $1,143,835— Hughes  Aircraft  Co.,  Fullerton, 
Calif.,  for  equipment  to  test  printed  cir- cuit cards  In  the  missile  monitor  system. 

$1,020,210 — Chrysler  Corp.,  Detroit,  for  sup- 
port services  and  depot  maintenance  of the  Redstone  missile. 

$370,237 — The  Emerson  Electric  Manufactur- 
ing Co.,  St.  Louis,  for  product  and  pro- duction engineering  and  quality  assurance 

services  supporting  XM50  Improved  Honest 
John,  less  warhead. 

MISCELLANEOUS 

$350,000 — High  Vacuum  Equipment  Corp.,  a 
subsidiary  of  Robinson  Technical  Prod- 

ucts, Inc.,  Hlngham,  Mass.  from  General 
Electrics  Missile  and  Space  Vehicle  De- 

partment, for  a  space  simulation  thermal test  facility. 
$714,000 — Cessna  Aircraft  Co.,  Wichita,  from 

the  Boeing  Co.,  for  transport-erector  con- tainers for  the  Minuteman  missile. 
$600,000 — Temco  Electronics,  Arlington,  Tex., 

from  The  Boeing  Co.  for  design,  develop- 
ment, test  and  manufacture  of  flight- 

control-surface  hydraulic  valve  assemblies 
for  the  Dyna-Soar. 

$250.000 — McCormick  Selph  Associates,  Inc., 
Holllster,  Calif.,  from  Martin  Marietta  for 
development  of  the  exploding  bridgewire 
ordnance  system  to  be  used  on  the 
Pershing  missile. 

$200.000 — The  Leach  Corp.,  Azusa,  Calif.,  from 
The  Boeing  Co.  for  sub-miniaturized  tele- 

metry receivers  for  the  Minuteman  pro- 

gram. NASA 

$74,568 — CorneU  Aeronautical  Laboratory,  Inc., 
Buffalo,  for  services  In  study  of  processes 
occurring  when  satellites  are  Impacted  by 
meteorolds,  work  to  be  accomplished  for 
Lewis  Center,  Cleveland. 

NAVY 

$9,609,900 — Hercules  Powder  Co.,  Wilmington. 
Del.,  for  continued  research  and  develop- 

ment on  solid  propellant  for  Polaris missiles. 

$1,199,921 — Electrics,  Inc.,  Lompoc,  Calif,  for 
installation  of  range  safety  test  communi- cations cable  plant.  Naval  Missile  Facility, 
Point  Arguello  and  Vandenberg  AFB. 
Calif. 
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names  in  the  news- 

needs 

DEVELOPMENT 

ENGINEERS 

COMBUSTION  DEVICES 

To  be  responsible  for  supervision 
of  the  design,  fabrication,  testing 
and  evaluation  of  liquid  rocket 
engines. 

Experience  in  research,  devel- 
opment and  testing  of  rocket 

components,  gas  generators  and 
associated  equipment. 

Must  have  degree  in  Mechanical, 
Aeronautical  or  Chemical  Engi- 

neering. M.  S.  preferred. 

LIQUID 

PROPULSION  SYSTEMS 

Will  be  responsible  for  developing 
and  proving  new  concepts  in 
liquid  rocket  systems  for  space- 

craft application. 

Experience  and  interest  in 
propellants,  liquid  rocket  engines, 
hydraulic  and  pneumatic  circuitry, 
expulsion  devices  or  components 
is  required. 

Must  have  BS  or  MS  degree  in 
Mechanical,  Aeronautical  or 
Chemical  Engineering. 

Submit  complete  resume  to 

H.  M.  MARXMILLER 

JET  PROPULSION 
LABORATORY 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
4808  OAK  GROVE  DRIVE 
PASADENA,  CALIFORNIA 

"An  equal  opportunity  employer" 

GODSEY GOTSCHAU 

Frank  W.  Godsey,  Jr.:  Former  vice 
president  of  Westinghouse  and  a  past  pres- 

ident of  Electronic  Communications,  Inc., 
elected  director  and  chairman  of  the  board 
of  Dev-Tek,  Inc.,  Orlando,  Fla.  Currently 
a  director  of  Globe  Capital  Corp.,  St. 
Petersburg,  Godsey  was  president  of  E.C.I, 
until  his  resignation  last  June.  He  was  also 
a  vice  president  in  charge  of  all  military 
and  commercial  electronics  at  Westing- 
house  Electric  Corp. 

Capt.  C.  E.  Pruett,  USN:  Bio-Science 
Staff  Officer,  Pacific  Missile  Range,  elected 
president  for  1962  of  the  Pacific  Missile 
Range  Section  of  the  American  Rocket 
Society.  The  rest  of  the  newly  elected  slate 
of  officers:  Harry  Burkholder,  vice  presi- 

dent; Arthur  Menken,  secretary-treasurer; 
W.  A.  Eberspacher,  membership  chairman; 
Col.  J.  G.  Redmon,  S.  R.  Radom,  L.  E. 
Wood,  LCdr  J.  E.  Draim  and  John  E. 
Masterson,  directors. 

Russell  C.  Coile:  Named  director  of 
research  for  a  newly  organized  section  of 
the  Operations  Evaluation  Group,  Massa- 

chusetts Institute  of  Technology.  In  his 
present  position  he  will  direct  research  for 
a  new  Marine  Corps  Section,  conducting 
operations  analysis  in  such  areas  as  amphi- 

bious warfare,  strategic  planning,  air  war- 
fare, submarine  and  anti-submarine  war- 
fare, and  logistics. 

George  D.  Gotschall:  Vice  president  of 
Steel  Improvement  and  Forge  Company, 
made  general  manager  of  all  domestic 
forging  operations.  He  is  returning  to  the 
U.S.  from  a  three-year  leave  of  absence  in 
South  America  where,  under  a  technical 
assistance  contract  between  Steel  Improve- 

ment and  Industries  Kaiser  Argentina 
(IK A),  he  has  served  as  general  manager  of 
the  forging  division  of  IKA  at  Cordoba, 
Argentina.  Gotschall  selected  and  led  the 
team  of  technical  specialists  which  planned 
and  organized  the  IKA  forging  division,  in- 

cluding construction  of  the  facilities  and 
training  of  the  labor  force. 

Robert  A.  Wolf:  Promoted  to  head  of 
Vehicle  Dynamics  Department  of  the  Cor- 

nell Aeronautical  Laboratory.  Robert  M. 
Stevens  succeeds  Wolf  as  head  of  the  Op- 

erations Research  Department;  and  Arthur 
Stein  becomes  assistant  head  of  the  Opera- 

tions Research  Department.  Wolf,  a  mem- 
ber of  the  laboratory's  technical  staff  since 1951,  will  continue  as  director  of  the  Auto- 

ROSATO  KALLA 

motive  Crash  Injury  Research  project  of 
Cornell  in  New  York  City.  Stevens  has 
been  with  the  laboratory  since  1949,  and 
Stein  since  1955. 

Anthony  A.  DeLisse  and  Glenn  E. 
Ronk:  In  recognition  of  expanding  activity 
in  the  field  of  electromechanical  products 
under  DeLisse,  and  the  importance  of 
Ronk's  responsibility  as  director  of  the 
recently  integrated  marketing  organization, 
both  have  been  named  vice  presidents  of 
Cornell-Dubilier  Electronics,  Newark,  N.  J. 
DeLisse  is  manager  of  the  company  plant 
in  Fuquay  Springs,  N.  C,  responsible  for 
all  phases  of  engineering  and  production. 
Ronk  supervises  product  planning,  pricing, 
order  service,  application  engineering  and 
associated  marketing  functions,  and  directs 
activities  of  the  marketing  managers  at  the 
six  C-D  plants. 

Dr.  Frank  J.  Rosato:  With  Sylvania 
Electric  Products  Inc.  since  1953,  to  head 
up  a  new  aerospace  research  department 
within  the  Applied  Research  Laboratory 
of  Sylvania  Electronic  Systems.  He  will  be 
responsible  for  conducting  long-range  stud- 

ies of  new  concepts  and  systems  techniques 
applicable  to  space  technology.  Rosato  has 
managed  the  engineering  research  depart- 

ment and  directed  work  on  space-deployed 
weapons  systems  and  command  and  control 
aspects  at  the  Applied  Research  Labora- tory for  the  past  two  years. 

Joseph  Kalla:  Designated  director  of 
space-defense  programing  by  the  Ameri- 

can Optical  Company,  will  be  responsible 
for  coordination  of  all  the  company's  space and  defense  efforts.  In  addition  to  his  new 
duties,  Kalla  will  continue  to  supervise 
sales  of  American  Optical's  Fecker  divi- sion. He  has  been  associated  with  the 
company  since  1956. 

William  G.  Miller:  Elected  president 
of  Alco  Products,  Inc.,  to  succeed  William 
S.  Morris,  who  retired.  Miller  joined  Alco 
in  1932  as  a  project  engineer  and  has  held 
various  responsible  positions  prior  to  the 
present  one. 

Dr.  John  Doherty:  Named  senior  staff 
physicist  in  the  Research  Section  of  Bendix 
Computer  Division's  Engineering  Depart- ment. Prior  to  his  present  appointment, 
Doherty  was  associated  with  the  National 
Cash  Register  Co.  and  with  Servomecha- 
nism,  Inc.,  specializing  in  thin-film  research 
in  both  positions. 
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editorial . 

Solid  Support  Is  Needed 

EARLY  LAST  YEAR,  an  editorial  on  this  page 
began: 
"Tentative  steps  now  are  being  taken  toward  a 

large  solid-rocket  booster  program  which  could  serve 
as  a  backup  to  the  Saturn  liquid  program.  It  is  an 
effort  which  should  receive  all  the  financial  support 
necessary  to  move  it  forward  at  optimum  speed." In  May,  President  Kennedy  told  a  joint  session  of 
Congress: 

"We  propose  to  develop  alternate  liquid-  and 
solid-fuel  boosters  much  larger  than  any  now  being 
developed  until  certain  which  is  superior." 

Necessary  support  for  a  big  solid  program  seemed 
assured. 

It  never  materialized.  Aerojet-General  and  United 
Technology  successfully  demonstrated  during  the 
year  the  feasibility  of  large  segmented  solids,  but  even 
these  firings  failed  to  generate  any  apparent  enthu- 

siasm for  an  accelerated  program. 
In  his  characteristically  blunt  fashion.  Dr.  Harold 

W.  Ritchey,  Thiokol  vice  president,  labels  the  situa- 
tion a  "national  tragedy"  (see  p.  13). 

In  Dr.  Ritchey's  view,  the  failure  to  implement  a 
big  solids  program  is  resulting  in  forfeiture  of  one  of 
our  best  chances  of  beating  the  Russians  to  a  manned 
lunar  landing.  He  says  there  is  a  lack  of  confidence  in 
solids. 

This  might  seem  to  place  the  blame  directly  on 
the  National  Aeronautics  and  Space  Administration. 
The  situation  is  not  necessarily  that  black  and  white. 
Administration  sources  point  out  that  NASA  does 
have  two  alternate  programs  for  the  manned  lunar 
landing — direct  flight  and  rendezvous.  The  solid 
booster  program  therefore  has  been  downgraded  to 
"backup"  status  and  eliminated  as  a  contender  for  the 
initial  manned  lunar  landings.  Studies  are  continuing, 
but  there  is  no  extensive  funding  for  a  third  major 
program. 

Talk  of  further  feasibility  studies  does  not  ap- 
pease Dr.  Ritchey.  Feasibility  of  a  big  solid  engine — 

and  he  is  talking  of  a  first  stage  with  upwards  of  20 
million-pounds  thrust — is  well  established,  in  his  ex- 

pert opinion.  Further  studies  will  result  only  in 
further  delay. 

Without  question,  Dr.  Ritchey  speaks  from  a 
position  of  self-interest.  If  a  big  solid  program  is 
funded,  Thiokol  would  very  much  like  to  take  part 
— and  the  company  has  a  quite  interesting  proposal. 
The  Thiokol  executive  also  appears  somewhat  more 

concerned  than  do  backers  of  the  segmented  solids. 
But  Dr.  Ritchey's  views  deserve  serious  considera- 

tion. He  is  a  man  of  acknowledged  technical  compe- 
tence, a  senior  official  of  a  responsible  firm,  and  a 

past  president  of  the  American  Rocket  Society. 
He  also  is  consistent.  Dr.  Ritchey  speaks  of  a 

program  which  could  lead  to  initial  test  of  a  240-in. 
flight  weight  solid  motor  in  18  months. 

Last  March,  he  was  quoted  in  this  magazine  as 
saying  of  such  a  motor: 

"If  we  were  in  a  hurry,  we  could  have  it  in  18 

months." 
In  Dr.  Ritchey's  view,  every  month  between  then 

and  now  has  been  a  month  wasted.  Although  prog- 
ress has  been  made  in  segmented  solids  at  Aerojet 

and  UTC,  as  well  as  at  Lockheed  Propulsion  Co., 
those  feasibility  programs  will  run  into  a  dead  end 
unless  financial  support  for  a  big  solid  booster  is 
forthcoming. 

WE  DO  NOT  CARE  whether  such  a  booster  is 
segmented,  laminated,  sliced  or  gold-plated.  But 

the  ineritia  which  has  slowed  solid  development  must 
be  overcome.  The  nation  can  ill  afford  to  let  the 
solid  program  lag  by  default  and  that  is  what  appears 
to  be  happening. 

The  Air  Force,  charged  with  development  of  big 
solid  boosters,  has  not  been  in  a  position  to  undertake 
a  major  program  without  a  NASA  requirement.  The 
Air  Force,  at  the  moment,  has  no  acknowledged  mis- 

sion of  its  own  which  would  require  such  a  booster. 
That  situation  may  be  changed  and  such  a  change 
could  greatly  benefit  the  solids  program. 

Meanwhile,  the  lack  of  support  is  resulting  in 
stagnation  in  the  solids. 

No  one,  and  certainly  not  Dr.  Ritchey,  has  sug- 
gested that  development  of  the  big  liquid  booster 

be  stopped  or  slowed  down.  It  is  imperative  that  that 
program  be  kept  rolling.  But  it  is  equally  imperative 
that  major  support  be  provided  for  solid  booster 
development.  All  indications  point  to  the  fact  that  we 
are  ahead  of  the  Soviet  Union  in  this  field.  We  must 
stay  there.  To  wait  until  the  Russians  have  unveiled 
a  big  solid  booster  is  the  path  of  folly. 

We  compliment  Dr.  Ritchey  on  his  frank  opinions. 
We  hope  someone  takes  them  as  seriously  as  he 
stated  them. 

William  J.  Coughlin 
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Section  of  Single 
Sideband  Transmitter, 

9x  magnification 

When  electronic  parts  and  circuits  are  crammed  together,  there's  danger  of  coupling  o 
regeneration  between  circuits.  The  smaller  the  package,  the  more  critical  the  problem. 
■  In  development  work  on  a  small  portable  radio  transmitter,  Delco  Radio  engineers 
found  that  circuit  coupling  could  be  eliminated  with  the  use  of  ferrite  tuning  cores  and 
circuits  totally  enclosed  in  ferrite  shields.  ■  Also,  ferrite  gave  each  tuning  coil  a  very 

high  inductance  and  a  wide  tuning  range  with  a  high  "Q".  Significantly,  it  permitted  a 
drastic  reduction  in  the  size  of  the  coil,  the  core  and  the  shield.  ■  The  finished  product, 
an  all-transistor  transmitter,  is  no  larger  than  a  pocket  radio  and  weighs  only  11  ounces. 
The  companion  receiver  is  even  lighter  and  smaller.  ■  Both  units  are  practical 
hardware,  built  of  standard  components  to  provide  mobile,  long-range  communication 
today.  For  technical  details,  ask  for  Data  Sheet  601.  ■  Delco  Radio  may  be  able  to 
solve  your  problem  in  miniaturization,  digital  modules  or  static  power  supplies,  too. 
Write  to  Delco  Radio  Military  Sales  Dept.,  Kokomo,  Ind.  <"!0   Division  of Genera!  Motors 

Kokomo,  Indiana 

Circle  No.  4  on  Subscriber  Service  Card 



BATTERIES: 
SHAPED  TO  THE  MISSION 

Aerojet-General  has  perfected  a  zinc-silver  chloride 
battery  that  can  be  produced  in  virtually  limitless  dif- 

ferent sizes  and  shapes.  This  ultra-lightweight  battery 
yields  approximately  .9  volt,  with  capacity  dependent 
upon  size,  and  permits  series  arrangements  to  achieve 
higher  voltages  if  desired. 

Storable  "on  the  shelf"  for  any  length  of  time,  the 
battery  will  not  be  activated  until  water — fresh, 
brackish  or  salt — is  added.  Then,  it  activates  extremely 
rapidly  and  has  a  life  span  many  times  that  of  conven- 

tional batteries.  It  will  deliver  consistent  output  at 

temperatures  as  low  as  -50°F  and  as  high  as  +  212 °F, 
in  or  out  of  water,  at  any  altitude,  in  any  environment. 

Aerojet-General  will  custom-produce  these  unusually 
versatile  primary  batteries  to  your  exact  specifications. 
For  complete  details  write  to: 

CHEMICAL  DIVISION 

CORPORATION        Azusa,  California 

f    THE  ~\ 
GENERAL  a  subsidiary  of  the  general  tire  and  rubber  company 
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Sometime  this  year,  CENTAUR  will  be  spaceborne.  Already,  the  projected  uses  of  CENTAUR  bear 

fascinating  implications  for  the  f  uture ...  placing  a  satellite  in  an  orbit  so  exacting  that  it  will  remain 

in  one  spot  over  the  earth's  surface . . .  soft  landings  on  lunar  and  planetary  bodies . . .  timed  launchings 
of  several  satellites  from  a  single  vehicle.  Several  major  guidance  functions  will  be  performed  in 

CENTAUR  by  a  compact  digital  computer  system  from  Librascope.  It  weighs  62  pounds,  occupies 

little  more  than  %  cubic  foot.  A  note  to  Librascope  outlining  your  control  problems  will  bring  a  prompt 

answer  from  the  country's  most  versatile  manufacturer  of  computer  control  systems. 

LIBRASCOPE  DIVISION 
GLEN  DALE  1,  CALIFORNIA 

Circle  No.  1   on  Subscriber  Service  Cord 



We  are  born  to  inquire  after  truth.. .  Montaigne 

Men  of  intellectual  curiosity  whose  vision  is 
unhampered  by  tradition  are  needed  for  challeng- 

ing career  positions  with  Guided  Missiles  Range 
Division  of  Pan  American  World  Airways,  Inc. 

GMRD,  as  prime  contractor  to  the  U.  S.  Air 
Force,  is  expanding  the  Planning,  Engineering 
and  Operations  Departments  and  continuing  to 
create  new  staff  positions  for  physicists,  engineers 
and  mathematicians  with  B.S.,  M.S.,  and  Ph.D. 
degrees. 

Compare  your  present  position  with  the  new 
opportunity  of  a  career  with  GMRD. 

If  you  are  then  interested  in  knowing  specific 

details,  address  your  resume  in  confidence  to: 

Professional  Employment  Manager,  Guided 

Missiles  Range  Division,  PAN  AMERICAN 

WORLD  AIRWAYS,  INC.,  Dept.  V-45,  P.  O. 
Box  4336,  MU  1  13,  Patrick  Air  Force  Base, 

Florida.  Inquiries  will  receive  prompt  replies  and 

all  qualified  applicants  will  be  considered  for 

employment  without  regard  to  race,  creed,  color 
or  national  origin. 

GUIDED  MISSILES  RANGE  DIVISION 

PATRICK  AIR   FORCE  BASE,  FLORIDA 

Circle  No.  2  on  Subscriber  Service  Card 



ST.  LOUIS  66,  MISSOURI 
ENGINEERS 

SCIENTISTS 

PHYSICISTS 

ACHIEVEMENTS: 
FH  I  Phantom 

F2H  Banshee 
F-101  Voodoo 
F3H  Demon 

Quail  GAM  72 
F4H  Phantom 
Asse,^^%/^^r 
Mercury  Spacecraft 

Please  complete  this  form  and  forward  to:  Mr.  D.  F.  Waters,  Professional  Placement,  Dept.  62,  McDonnell 
Aircraft,  St.  Louis  66,  Missouri.  This  is  not  an  application  for  employment.  Your  qualifications  will  be 
reviewed  by  our  placement  staff  and  you  will  be  advised  of  positions  at  McDonnell  for  which  you  qualify. 
You  may  then  make  application  if  you  wish. 

Name  Address  
 Phone  City  &  State  

Primary  Experience  Area. 
Secondary  Experience  
Additional  Comments  

 Age. 
Number  of  Years 

_Number  of  Years 

Education:  AE_ 

Degree:  BS  

.ME. 

Date 

_Math. 
_MS  

.Physics. 
PHD. 

.Chemistry. 

Date Date 

_EE_ .Astronomy. Other. 

I  would  like  to  receive  application  form. 

I  would  like  to  receive  literature  about  professional  opportunities  at  McDonnell  □ 
Openings  now  exist  at  McDonnell  in  the  following  areas : 

□  Advanced  Product  Planning  □  Liaison 
Q  Materials 
Q  Mathematics 
O  Metallurgy 

Q  Aerodynamics 
□  Control  &  Structural  Dynami. 
□  Design 
□  Electronics 
Q  Ground  Support  Equipment 

□  Operations  Analysis 
Q  Propulsion 

□  Reliability 
Q  Research 
fj  Space  Medicine 
Q  Structures □  Systems  Management 
Q  Thermodynamics 
□  Wind  Tunnel 

MCDONNELL .  An  equo!  opportunity  employer. 

Phantom  JT  Fighter  and  Attack  Aircraft  • 
Mercury.  Asset'and  Aeroballistic  Spacecraft  •  Talos  and  Typhon  Missile  Airframes  and  Engines 

Quail  Decoy  Missiles  •  Rotorcraft  ♦  Electronic  Systems  •  Automation 
MCDONNELL  AIRCRAFT    •    ST.  LOUIS 
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THE  COVER 

JPL  technicians  adjust  antenna  on  NASA's 
Ranger  III  lunar-landing  spacecraft,  due  to 
be  launched  this  week.  Balsa-wrapped  im- 

pact capsule  is  at  top.  The  launch  is  most 
complicated  unmanned  shot  yet.  See  p.  18. 

JANUARY  22  HEADLINES 

THE  RECORD  FY  '63  MISSILE/SPACE  BUDGET  
Kennedy  Asks  Congress  for  Total  of  $16.2  Billion  

Defense  Budget  of  $51.7  Billion  Is  5-year  'Plateau' 
Civilian  Space  Fund  Request  Is  Whopping  $4  Billion 

Ranger  III  Most  Complicated  and  Promising  Launch 
Safer  Sea  Recovery  Planned  for  Glenn's  MA-6  Flight 

e»-  ASW  ENGINEERING 

Photo  System  Yields  Excellent  Maps  of  Ocean  Floor 

ADVANCED  MATERIALS^ 

Pfaudler's  Huge  Heat-Treat  Furnace  for  Solid  Cases 

SPACE  MEDICINE 

AF  San  Antonio  Lectures  Cover  Host  of  Moon  Factors. 

MISSILE  ELECTRONICS 

Nike-Zeus  May  Get  Phased-Array  Acquisition  System 

SPACE  EXPLORATION 

Third  of  a  Series:  How  We  May  Explore  'The  Twins' 

DEPARTMENTS 

Letters    6 
Industry 

The  Countdown   9      Products  &  Processes 

The  Missile/Space  Contracts  
Weekf   10      Names  in  the  News  .... 

Technical  Countdown        23      When  and  Where  
Editorial    46 
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R/M  ASBESTOS- 

PHENOLICS 

Thecomponent:NOZZLE  INSULATION 

The  missile:  POLARIS 

Searing  heat  in  critical  nozzle  areas  of 
the  Polaris  missile  would  cause  most 
materials  to  lose  their  strength,  dimen- 

sional stability  and  other  desirable 
mechanical  properties. 

Yet  in  firing  after  firing,  nozzles  in- 
sulated with  R/M  150  RPD  Pyrotex8 

molding  compound  withstand  the  effects 
of  this  elevated  temperature  for  the  re- 

quired amount  of  time. 
,  This  proved  asbestos-pheolnic  ablates 

uniformly.  It  holds  its  dimensional 
stability  under  the  combined  attack  of 
heat,  corrosion  and  extreme  shock.  Per- 

mits weight  savings  without  sacrificing 
strength. 
R/M  asbestos-phenolics  in  the  form 

of  felts,  mats,  tapes  and  molding  com- 
pounds are  specified  for  almost  every 

U.S.  missile.  If  you 
want  predictable  per- 

formance at  a  price 
you  can  afford,  talk  to 
the  reinforced  plastics 
specialists  at  R  /M. 

Polaris  missile  nozzle  of 
R/M  Style  150  RPD 

Pyrotex  molding  compound 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department.ivianheim.Pa. 

SPECIALISTS  IN  ASBESTOS 
RUBBER   ENGINEERED  PLASTICS,  SINTERED  METAL 

— letters  

Patent  Amplification 
To  the  Editor: 

Let  me  take  this  opportunity  to  com- 
pliment you  on  the  very  fine  editorial 

called  "The  Two  Sides  of  the  Patent  Coin" 
(M/R,  Dec.  11).  To  my  mind,  the  pre- sentation was  a  deft  one  which  succeeded 
in  highlighting  some  of  the  very  difficult 
aspects  of  this  whole  question  of  patent ownership. 

I  would  like  to  emphasize  two  things  in 
connection  with  your  editorial. 

One  is  that  I  think  you  could  have 
made  even  stronger  the  suggestion  that 
today  we  are  being  forced  to  "settle  for 
less  than  the  best"  in  securing  research  and 
development  work  for  the  Federal  Govern- 

ment. Of  course  the  work  is  going  to  get 
done,  one  way  or  the  other.  Of  course  it 
is  easy  to  find  people  who  will  accept  the 
contracts.  But  the  real  question  is  whether 
we  are  getting  the  most  talented  people 
and  the  best  ideas  that  are  available  within 
the  very  organizations  doing  the  research, 
or  whether  the  best,  most  competent  and 
economical  researchers  were  absent  from 
the  original  bidding. 

I  submit  that  even  those  who  do  the 
contracting  are  in  no  position  to  know 
whether  they  are  getting  the  best  research 
under  such  restrictive  patent  clauses  as 
those  contained  in  NASA  contracts — 
simply  because  they  don't  know  what  is 
not  being  offered  or  what  is  being  with- 

held. Thus  it  makes  little  sense  to  say  that 
the  fact  that  we  can  always  find  somebody 
to  accept  Government  contracts  is  proof 
of  the  concomitant  fact  that  the  research 
is  good. 

The  second  point  that  I  would  empha- 
size is  that  testimony  before  our  Subcom- 

mittee recently  has  indicated  quite  strongly 
that  industry  is  generally  aware  of  the 
need  to  make  sure  that  subcontractors  and 
individual  inventors  are  adequately  re- 

warded for  the  work  they  do.  On  the 
basis  of  this  testimony,  it  would  seem  to 
me  now  that  there  is  a  growing  tendency 
for  employee  participation  in  the  results 
of  patents  they  produce  through  full  or 
partial  ownership  or  sharing  of  profits 
which  may  accrue  as  a  supplement  to  the 
individual  incentive  awards  which  are  in 
most  instances  already  in  existence. 

At  the  same  time,  it  is  indicated  that 
the  small  researcher  or  manufacturer  who 
is  usually  in  a  subcontract  position  has  a 
great  stake  in  maintaining  ownership  of 
patents.  In  his  dealings  with  the  Govern- 

ment or  with  the  prime  contractor,  he 
fights  to  hold  control  of  his  patents  be- 

cause this  affects  the  integrity  of  his  com- 
pany and  his  ability  for  further  growth. 

A  good  patent  is  an  asset  on  which  he 
can  build  and  through  which  money  can 
be  borrowed  or  investors  attracted. 

Missiles  and  Rockets  is  to  be  com- 
mended for  keeping  this  important  patent 

issue  before  the  public. 
Emilio  Q.  Daddario,  M.C. 
Committee  on  Science  and 

Astronautics 
House  of  Representatives 
Washington 

Shortening 

To  the  Editor: 
I  am  surprised  to  see  in  the  Jan.  1 

M/R  (Letters,  p.  4)  that  you  did  not  refer 
Mr.  John  A.  Main  to  the  Guide  to  the 
Space  Age  (Prentice-Hall,  Inc.,  1959), 
which  lists  M/R  as  a  source. 

Mr.  Main  will  find  the  dictionary  of 
aerospace  abbreviations  and  acronyms 
which  he  seeks  contained  in  this  book. 

Thomas  R.  Armstrong 
Hackensack,  N.J. 

To  the  Editor: 

I  note  with  approval  John  A.  Main's 
endorsement  of  reader  August  Graf's  sug- 

gestion. Mr.  Main's  letter  gives  a  few  ex- amples .  .  . 
The  situation  could  be  confounded  if 

more  than  one  such  letter  grouping  has 
a  multiple  meaning,  such  as  MAD  (either 
Magnetic  Airborne  Detector  or  Motor  As- 

sembly and  Disassembly),  but  this  is  of 
minor  import  yet  (I  hope!). 

An  attempt  was  made  in  this  direction. 
A  glossary  (Section  10)  of  C.  W.  Besserer's Missile  Engineering  Handbook  (D.  van 
Nostrand  Co.,  1958)  incorporates  some  of 
these  terms. 

This  was  but  a  shadow  of  the  substance, 
of  course.  In  addition  to  acronyms,  there 
are,  of  course,  certain  abbreviations  (GSE, 
MHD,  etc.)  which  it  would  be  nice  to  have 
a  source  of  reference  for.  Even  an  "old 
hand"  might  be  puzzled  by  one  of  the more  obscure  ones  occasionally. 

Especially,  a  slightly  detailed  derivation 
of  the  term  might  prove  a  help  to  scholars. 
This  might  even  explain  a  few  things. 

Such  as  how  one  can  get  EGO  out  of 
Eccentric  Orbiting  Observatory  (M/R,  Jan. 

I,  p.  9). Stephen  A.  Kallis,  Jr. Dunedin,  Fla. 

P.S.  Amen  to  your  Jan.  1  editorial  ("The 
Spartan  Approach  to  Space").  Especially the  closing  sentence! 

Well,  Yes  and  No 
To  the  Editor: 

In  Countdown,  M/R  Jan.  8,  p.  9, 

you  used  the  word  "antennae."  Not  only 
is  this  word  incorrect  for  "antennas"  in the  radio  sense,  but  the  sentence  structure 
calls  for  the  singular  word  "antenna." 

Carlyle  R.  Smith,  Lt.  Col.,  USAF 
Chief,  Comm  &  Elct  Div 
Directorate  of  Operations 
DCS/Procurement  &  Materiel 
Air  Force  Systems  Command 
Andrews  AFB,  Washington 

M/R  violated  its  own  style  by  using 
"antennae":  however,  the  new  unabridged 
Webster's  lists  it  as  an  acceptable  spelling 
("antennas"  preferred)  in  the  radio  sense, 
and  the  Van  Nostrand  Scientific  Encyclo- 

pedia uses  the  two  spellings  interchange- 
ably. The  item  referred  to  mentions  "com- pletion of  the  first  two  ground  antennae 

receiving  stations" — we  fail  to  see  that  this 
is  really  less  correct  than  "ground  antenna 
receiving  stations." — Ed. 

6 Circle  No.  6  on  Subscriber  Service  Card missiles  and  rockets,  January  22,  1962 



MODICON*  Command  and  Control  Systems  provide  complete  situation  mastery  in  air  defense  with:  first  day  capability, 
mixed  weapons  control,  tactical  flexibility,  modular  dispersibility  and  immediate  transportability — anywhere  in  the  world. 
Data  handling  and  display  systems  engineers  qualified  to  conduct  MODICON-level  engineering  will  find  a  broad 
spectrum  of  exceptional  opportunities  at  Litton.  An  Equal  Opportunity  Employer.  Send  resume  to  Department  01. 

'Trademark.  MOdular  Dispersed  CONtrol  systems. 

LITTON  SYSTEMS,  INC. 
BEVERLY  HILLS,  CALIFORNIA 
A  DIVISION  OF  LITTON  INDUSTRIES 

TECHNOLOGIES:  ADVANCED  COMMUNICATION  AND  DATA  RECORDING  •  COMMAND  AND  CONTROL.  •  GUIDANCE 
AND  CONTROL  •  COMPUTERS  •  BIOELECTRONICS  -  SPACE  SCIENCE  •  ELECTRONIC  CQUNTERMEASURES 
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CAREERS    IN    SPACE   TECHNOLOGY  LEADERSHIP 

Of  particular  interest  to  engineers  and  scientists  is  the  continuing  growth  and  diversifi- 
cation of  Space  Technology  Laboratories,  Inc.  What  is  now  STL  was  founded  as  the 

Guided  Missile  Research  Division  of  the  Ramo-Wooldridge  Corporation  in  1954,  when 
the  Ballistic  Missile  Program  was  given  highest  national  priority.  ■  Assigned  contractual 
responsibility  for  the  program's  systems  engineering  and  technical  direction,  STL  has grown  in  parallel  with  the  need  for  its  capabilities  —  from  a  small  group  of  engineers, 
scientists  and  administrators  to  an  industrial  organization  with  a  professional  staff  num- 

bering more  than  2,000  with  2,500  supporting  personnel  —  from  its  initial  headquarters 
in  a  suburban  Los  Angeles  schoolhouse  to  the  ultra-modern  STL  Space  Technology 
Center  nearing  completion  on  a  110-acre  site  at  One  Space  Park,  Redondo  Beach,  Cali- 

fornia, close  to  Los  Angeles  International  Airport.  ■  During  its  years  of  Space  Tech- 
nology Leadership,  STL  has  contributed  importantly  to  the  management  of  a  program 

that,  in  a  successful  race  against  time,  has  given  this  nation  the  Thor,  Atlas,  Titan  and 
Minuteman  ballistic  missile  systems.  At  the  same  time,  STL  has  been  called  upon  to 
design,  fabricate,  instrument  and  successfully  launch  Pioneer  I,  Explorer  VI  and 
Pioneer  V  — all  of  which  were  tracked  and  commanded  by  STL's  world-wide  soace  com- munication network  (SPAN)— and  to  contribute  to  the  management  of  the  Transit  IB, 
Transit  2A,  Transit  3B,  Courier  IB  and  Tiros  programs.  ■  Today,  STL  in  addition  to 
its  continuing  role  in  the  USAF  Atlas,  Titan  and  Minuteman  programs,  is  performing 
research,  development,  design  and  construction  for  three  Orbiting  Geophysical  Observa- 

tories (OGO),  as  well  as  project  coordination  and  systems  planning  for  Project  Relay, 
both  for  NASA;  and  participating  in  the  Army  Advent  communication  satellite  project. 
STL's  continuing  program  of  original  and  applied  research  covers  a  broad  spectrum  of technical  disciplines  including  particle  physics,  solid  state  theory,  guidance  space  physics, 
communication  theory,  propulsion  and  power,  and  electromagnetic  systems  in  the  infra- 

red, ultraviolet  and  microwave  regions.  ■  The  expanding  activities  of  STL  create  imme- 
diate career  opportunities  in  Southern  California  and  at  Cape  Canaveral  for  engineers 

and  scientists  of  talent  and  vision.  All  qualified  applicants  are  invited  to  communicate 
with  Dr.  R.  C.  Potter,  Manager  of  Professional  Placement  and  Development.  STL  is  an 
equal  opportunity  employer. 

SPACE  TECHNOLOGY  LABORATORIES,  INC. 
P.O.  BOX  95005-P    LOS  ANGELES  45.  CALIFORNIA 

P.O.  BOX  4277.      PATRICK  AFB.  FLORIDA 

subsidiary  of  Thompson  Ra Wooldr.dge  Inc. 

Career  opportunities 
exist  at  STL 
for  qualified  engineers and  scientists in  support  of 

these  programs: 

ATLAS 
TITAN 

MINUTEMAN 
OGO 

ADVENT 
RELAY 

Los  Angeles'  Vandenberg  AFB  • 
Canoga  Park  •  Norton  AFB, 
San  Bernardino  •  Dayton  •  Cape 
Canaveral  •  Washington,  D.C. 
Boston  •  Huntsville 
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The  Countdown 

WASHINGTON 

Dyna-Soar  on  the  Range 

Air  Force  plans  for  orbiting  manned  Dyna-Soars 
now  call  for  establishing  a  seaborne  tracking  range  around 
much  of  the  globe.  The  Mercury  net  or  another  land- 
based  system  will  not  be  used,  for  political  reasons.  The 
first  Dyna-Soar  launchings  now  may  take  place  as  early 
as  1964. 

Orbital  Pricetag — $400  Million 
Total  cost  of  the  Mercury  through  the  upcoming  first 

manned  orbital  flight  is  pegged  at  about  $400  million. 
The  breakout:  about  $160  million  to  the  prime  contractor, 
McDonnell;  $95  million  for  the  tracking  network;  $85 
million  for  boosters,  including  Atlases,  Redstones  and 
Little  Joes;  $25  million  for  recovery  operations;  $35 
million  for  supporting  research. 

'Unity'  at  the  Pentagon 
Congressmen  are  expected  to  take  pointed  jabs  at 

the  Defense  Department  for  what  some  are  already  call- 
ing the  "unification  budget."  One  prime  target:  the 

failure  of  the  new  budget  to  include  total  appropriation 
requests  for  the  military  services  by  service. 

Whither  Zeus? 

Top  Pentagon  officials  are  still  saying  some  cutting 
things  about  the  Nike-Zeus  system  in  defense  of  the 
decision  to  chop  production  funds  from  the  new  budget. 
However,  the  Army  is  still  betting  that  successful  tests 
in  the  Pacific  this  year  will  lead  to  production  monev 
in  FY  '63. 

NASA — Jobs  Aplenty 

NASA's  doubled  ($3.7-billion)  FY  "63  budget  will 
mean  the  hiring  of  5000  more  employes — -half  of  them 
scientists  and  engineers.  This  would  bring  the  space 

agency's  requirement  for  new  professional  men  to  4500 over  the  next  two  years.  If  the  budget  goes  through 
Congress  intact,  NASA  will  have  a  payroll  of  more  than 
26,000  by  mid-1963. 

INDUSTRY 

Nerva  Contract  On  Way 

Award  of  a  new  contract  giving  Aerojet-General  and 
Westinghouse  permanent  responsibility  for  developing  the 
Nerva  nuclear  rocket  engine  is  imminent.  The  two  firms, 
which  currently  hold  a  six-month  contract,  will  receive 
a  new  one  for  six  months — but  with  a  provision  for  a 
five-year  extension. 

Saturn  Advances 

Signing  of  a  Saturn  C-l  production  contract  with 
Chrysler  calls  for  only  an  initial  $10-million  payment, 
but  the  contract  is  expected  to  run  well  over  $200  mil- 

lion .  .  .  NASA  also  has  awarded  a  $505,000  contract 

to  Consteel  and  Ets-Hokin  &  Galvan  for  building  the 
240-ft  umbilical  tower  on  Cape  Complex  34,  where 
Saturns  will  be  launched.  The  tower  is  due  for  completion 
this  year. 

R&D  Intelligence 

Pad  19  at  the  Cape  will  be  used  for  Titan  11  launches 
of  NASA's  two-man  Gemini  .  .  .  Only  10  Atlas  F's 
remain  on  the  R&D  flight  schedule  .  .  .  The  Air  Force 
and  Northeastern  University  will  launch  an  Astrobee  200 
Jan.  25  to  an  altitude  of  180  mi.  from  Eglin  AFB,  in  an 
experiment  measuring  light  emissions  .  .  .  Fairchild 
Camera  is  readying  a  $2-million  facility  at  Syosset,  L.I., 
N.Y.,  for  testing  high-performance  optical  systems  in  a 
space  environment  .  .  .  Weathermen  are  eyeing  the  pos- 

sibility of  marrying  communications  satellites  to  weather 
satellites  for  faster  data  distribution. 

Computers  on  the  Move 

RCA  expects  this  year  to  gross  $200  million  from  all 
of  its  data-processing  activities  .  .  .  IBM  is  introducing 
its  7094  data-processing  system — an  improvement  on  the 
7090 — with  a  2-microsecond  memory-reference  speed 
.  .  .  North  American's  John  R.  Moore,  president  of 
Autonetics,  predicts  that  by  1970  it  will  be  possible  to 
build  devices  with  10  million  interconnecting  parts — all 
packed  in  one  cubic  foot. 

Front  Office 

Gen.  James  H.  "Jimmy"'  Doolittle  is  stepping  out  as 
chairman  of  the  board  of  STL  upon  reaching  the  com- 

pany's retirement  age  of  65.  He's  succeeded  by  President Dr.  Louis  G.  Dunn  .  .  .  The  two  prime  professional 
societies  in  the  space  field — American  Rocket  Society 
and  Institute  of  Aerospace  Sciences — are  studying  the 
possibility  of  merging.  One  objective:  "eliminating  un- 

warranted duplication  of  functions" — -presumably  extend- ing to  technical  meetings. 

INTERNATIONAL 

Overseas  Pipeline 

The  Observatory  of  Paris's  new  radiotelescope  at 
Nancay  in  central  France  is  operational.  More  powerful 
than  Jodrell  Bank,  the  big  'scope  already  has  reported 
the  temperature  on  the  moon  at  a  1 -meter  depth  to  be 
— 30°C  .  .  .  Britain's  Handley  Page  is  proposing  a  new 
Super  Victor  bomber  to  carry  six  Skybolt  ALBM's  .  .  . The  deal  has  gone  through  for  Switzerland  to  buy  700 
British  Aircraft  Corp.  Bloodhound  Mark  2  antiaircraft 
guided  missiles.  The  $70-million  contract  is  the  largest 
foreign  order  ever  placed  for  a  British  guided  weapon. 

Red  Oneupmanship? 

On  the  eve  of  the  U.S.  manned  orbital  flight  there's 
speculation  Russia  may  try  to  grab  the  limelight  by  send- 

ing two  men  into  orbit  in  a  Vostok.  Presumably  the  Red 
flight  would  last  several  days,  permitting  them  to  monitor 
the  three-orbit  U.S.  flight  from  on  high. 

missiles  and  rockets,  January  22,  1962 9 



The  Missile / Space  Week 

Army  Revamping  Tech  Services 
In  Pattern  Similar  to  AFSC 

The  Army  is  preparing  to  remodel 
its  technical  services  along  the  lines 
of  the  new  Air  Force  Systems  Com- 
mand. 

The  plan — still  subject  to  con- 
gressional approval — would  create  a 

new  Army  Materiel  Development  and 
Logistics  Command.  MDLC  would 
become  responsible  for  R&D,  pro- 

curement and  production,  inventory 
management,  storage  and  distribution, 
and  maintenance. 

Eliminated  in  the  wholesale  re- 
organization will  be  the  offices  of  the 

chief  of  ordnance,  chief  chemical  of- 
ficer, quartermaster  general,  chief  of 

finance,  chief  signal  officer,  chief  of 
transportation,  and  adjutant  general. 

The  various  technical  services  will 
be  retained  as  branches,  however,  and 
there  will  be  no  significant  changes  in 
arsenals,    laboratories,    depots,  test 

Pershing  Progresses 
PERSHING  shown  in  Jan.  16  firing  at 
Cape  Canaveral.  Army  reported  the  Martin 
IRBM  went  100  mi.  beyond  300-mi.  range 
of  Redstone,  and  that  this  version,  shorter 
than  earlier  models,  approaches  opera- 

tional version  of  the  missile. 

ranges  or  installations.  But  control 
and  direction  of  these  facilities  will  be 
shifted  from  these  technical  services 
to  the  new  MDLC. 

Army  officials  said  the  new  set- 
up will  mean  that  industry  contractors 

will  deal  with  one  agency — MDLC — 
eliminating  "duplication  of  effort  and 
excessive  fragmenting  of  functions, 

responsibilities  and  resources." 
Unless  there  is  a  hitch  in  Congress 

the  plan  will  go  into  effect  in  30 
days.  Some  18  months  will  be  needed 
to  complete  the  reorganization. 

Hayward  Goes  to  Sea; 
Raborn  Gets  His  Berth 

Vice  Adm.  John  T.  Hayward. 
deputy  chief  of  Naval  operations  (de- 

velopment), will  move  from  his  pres- 
ent job  to  a  carrier  command  within 

the  next  two  weeks. 

Replacing  Hayward  will  be  Vice 
Adm.  William  F.  Raborn,  head  of  the 

Navy's  Special  Projects  Office,  who 
also  will  work  closely  with  James  H. 
Wakelin,  Assistant  Secretary  of  the 
Navy  (R&D).  Rear  Adm.  Ignatius  J. 
Gallantin,  in  turn,  will  take  over  Ra- 
born*s  Polaris  post. 

Hayward's  voluntary  decision  to 
go  to  sea  means  a  one-step  reduction 
in  rank.  However,  he  was  undoubtedly 
influenced  by  Navy  precedent,  which 
has  customarily  selected  chiefs  of 
Naval  operations  from  officers  with 
sea-going  assignments. 

Red  'Asteroid  Bomb'  Threat 
Russia  may  have  enough  rocket 

power  by  1970  to  knock  out  North 
America  with  an  "asteroid  bomb." 

GE's  Dandridge  M.  Cole  told  the 
American  Astronautical  Meeting  in 
Washington  that  asteroids  moving  be- 

tween Mars  and  the  earth  could  pos- 
sibly be  diverted  to  hit  the  earth  with 

power  equal  to  millions  of  H-bombs. 
He  said  a  Nova-type  vehicle 

could,  hypothetically,  push  an  aster- 
oid with  a  diameter  of  three  miles 

and  weight  of  500  billion  tons  out  of 
its  normal  orbit  and  make  it  hit  a 
pre-selected  target  on  earth. 

Cole  told  the  AAS  annual  meeting 
that  there  were  probably  thousands  of 
these  close-approach  asteroids  await- 

ing discovery. 

Shots  of  the  Week 

An  X-15  research  plane  rocketed 
to  3715  miles  per  hour  in  a  test  of  a 
new  control  system. 

NASA  test  pilot  Neil  Armstrong 
was  at  the  controls  of  the  plane.  He 

reported  that  the  X-15  worked 
"pretty  good"  during  the  flight. 

The  control  system  is  designed  to 
aid  the  pilot  by  sensing  motions  and 
automatically  feeding  corrections  into 
the  controls. 

In  other  shots: 

•  NASA's  rigidized  Echo  inflat- 
able communications  satellite  was 

torn  to  shreds  shortly  after  injection 
from  its  Tlwr  booster. 

•  The  Army's  Pershing  missile 
was  launched  successfully  on  its  long- 

est test.  Officials  said  that  all  test  ob- 
jectives were  met  during  the  400- mile  flight. 

•  The  Air  Force  also  launched 

successfully  an  Atlas  D  interconti- 
nental ballistic  missile  from  its  hori- 

zontal, so-called  "coffin"  launcher. 
The  Air  Force  declined  to  give  the 
distance  of  the  shot. 

•  NASA  launched  successfully  a 
two-stage  Aerobee  sounding  rocket  to 
an  altitude  of  1 30  miles  to  gather  in- 

formation for  planning  future  astro- 
nomical satellites.  The  launch — on 

Jan.  1 3 — was  from  Wallops  Is. 
•  Another  launch  in  the  Air 

Force's  Discoverer  series  failed  when 
the  capsule  did  not  go  into  orbit.  The 
attempt  was  made  on  Jan.  13. 

The  Echo  satellite  suborbital  test 
was  launched  by  NASA  on  Jan.  15. 
The  mammoth  satellite  burst  apart 
about  25  minutes  after  launching  and 
shortly  after  it  left  its  Thor  booster. 

Dramatic  pictures  of  the  breakup 
were  taken  by  two  cameras  in  the 
booster,  but  officials  still  have  not 
nailed  down  the  precise  reason. 

Two  possible  causes  were  that  the 
satellite  inflated  too  rapidly  or  that 
it  may  have  been  torn  while  it  was 
folded  into  its  canister. 

Booster  Debate  Warms 

A  top  missile 'space  industry  exec- utive has  charged  that  the  Kennedy 
Administration  has  failed  to  rectify 

the  cleavage  between  the  U.S.  mili- 
tary and  civilian  space  programs. 
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ASW  Research  Hydrofoil  Makes  Public  Debut 

HY DROFOIL  and  catamaran  hull  are  features  of  Lockheed-California  Co.  research 
craft  skimming  above  water  during  tests  at  Naval  Ordnance  Test  Station,  Calif.  ASW 
study  vessel,  powered  by  1000-lb. -thrust  Fairchild  J-44  jet  engine,  is  designed  to  reach 
speeds  topping  86  mph.  Experiments  are  being  f untied  by  Navy  contracts. 

Dr.  Arthur  Kantrowitz,  vice  pres- 
ident of  Avco  Corp.,  chairman  of  an 

American  Rocket  Society  panel  dis- 
cussion in  New  York  City,  also  hit 

at  the  development  of  civilian  space 
boosters. 

He  favored  utilization  of  existing 
production-line  military  boost  vehic- 

les coupled  with  development  of 
orbital  rendezvous  techniques  over 
creation  of  large  and  expensive  non- 
military  launch  vehicles. 

Dr.  Ernest  Roberts,  vice  president 
of  Aerojet-General  Corp.,  however, 
agreed  with  the  multiple  approach  of 
space  exploration  by  NASA  and  the 
armed  services. 

NASA's  Manhattan  Lode 

NASA's  drive  to  hire  2000  sci- 
entists and  engineers  by  June  30  is 

getting  a  big  push  during  its  current 
recruiting  drive  in  New  York  City. 

More  than  900  inquiries  and  550 
personnel  interviews  were  handled  by 
space  agency  recruiting  teams  during 
their  first  three  days  in  the  city. 

The  heavy  response  forced  the 
NASA  officials  to  add  three  more 
days  to  their  planned  stopover.  The 
second  round  of  interviews  will  be 
held  Jan.  23-26. 

Though  obviously  pleased  and  en- 
couraged by  the  response  in  New 

York,  NASA  officials  point  out  that 
success  of  the  nation-wide  recruitment 
program  will  only  be  known  when 
actual  hiring  figures  are  announced. 

The  drive  began  in  Chicago  on 
Nov.  1.  About  4000  persons  have 
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been  interviewed  to  date  with  about 

1000  described  as  "NASA  types." 

JFK  Moves  Against  Shortage 

President  Kennedy  has  ordered 
his  scientific  advisers  to  draw  up  a 

report  "as  quickly  as  possible"  on 
how  the  U.S.  can  cure  its  worsening 
shortage  of  scientists  and  engineers 
(M/R,  Jan.  1,  p.  12). 

At  his  news  conference  last  week, 
the  President  called  the  dwindling 
supply  of  graduate  scientists  and  engi- 

neers, described  in  a  recent  report  of 
the  National  Science  Foundation,  one 

of  the  "most  critical  problems  facing 

this  nation." He  said  he  had  asked  his  Science 
Advisory  Committee,  assisted  by  the 
Federal  Council  for  Science  and 

Technology  to  "report  to  me  as 
quickly  as  possible  on  specific  meas- 

ures" the  government  and  industry can  take  to  meet  the  crisis. 
He  said  he  had  also  asked  the 

National  Academy  of  Sciences  to 
make  a  new  study  of  the  problem. 

Helium  Belt  Spotted 

Scientists  have  discovered  that  a 
band  of  helium  exists  around  the 
earth  at  altitudes  between  600  and 
1600  miles. 

NASA  physicist  Dr.  Wolfgang 
Priester  revealed  the  band's  existence 
in  a  paper  presented  to  the  Air  Force 
Lectures  in  Aerospace  Medicine  in 
San  Antonio  (see  p.  28).  He  said 
the  helium  was  detected  by  the  Echo  I 
and  Explorer  VII  satellites. 

QUALITAC 
OF  WHAT  KIND? 

Man's  continuing  prog- 

ress in  space  has  placed 

increasing  demands  upon 

the  fabricator  of  missile 

and  rocket  components.  No 

longer  can  the  purchaser  of 

structural  materials  be  con- 
tent with  conventional 

manufacturing  processes  or 

products.  Rather  he  must 

ask  himself  "of  what  kind?" 
as  he  looks  to  the  manufac- 

turer for  advanced  mate- 

rials guaranteed  to  meet 

the  rigorous  demands  of 
this  new  era. 

MPI's  new  glass  fiber  pre- 

pregs  are  produced  under  a 

strict  program  of  total  qual- 

ity control,  from  the  pur- 
chase of  batch  ingredients 

throughout  manufacturing 

and  shipping.  From  such 

discipline  comes  a  new 

space  age  structural  mate- 
rial that  can  be  produced  in 

meaningful  quantities  and 

on  a  predictable  and  repro- 
ducible basis. 

For  additional  informa- 
tion write . . . 

mpi 
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Shoreham  Building  •  Washington  5,  D.C. 
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where  do  you 

fit  in  the 

space  picture? 

Today,  the  design  and  development  of  space  systems, 
vehicles  and  weapon  systems  is  achieving  an  even 

greater  degree  of  importance  than  before.  Expendi- 
tures are  increasing.  The  pace  is  being  stepped  up. 

Hughes  Aerospace  Divisions  are  expanding  with  each 
of  these  progressions.  Important  projects  such  as 
SURVEYOR,  SYNCOM,  ION  ENGINE,  ARPAT, 
BAMBI  and  advanced  POLARIS  guidance  are  now 
underway.  Others  will  begin  soon.  This  expansion  is 
producing  new,  challenging  assignments  that  never 
existed  before.  The  opportunity  is  for  you.  You  can 

be  a  part  of,  and  benefit  from,  Hughes  further  expan- 
sion into  the  space  picture. 

If  you  hold  a  degree  from  an  accredited  university 
in  Mechanical  Engineering,  Electronic  Engineering  or 
Physics,  are  a  U.  S.  citizen  and  have  experience  or 
interests  related  to  Aerospace  Vehicles  or  Weapon  Sys- 

tems, you  can  qualify.  A  few  of  the  openings  include: 

controls  engineers 
Concerns  airborne  computers 
and  other  controls  related 
areas  for:  missiles  and 
space  vehicles,  satellites, 
radar  tracking,  control 
circuitry,  controls  systems, 
control  techniques, 
transistorized  equalization 
networks  and  control 
servomechanisms. 

circuit  designers 
Involves  analysis  and 
synthesis  of  systems  for: 
telemetering  and  command 
circuits  for  space  vehicles, 
high  efficiency  power 
supplies  for  airborne  and 
space  electronic  systems, 
space  command,  space 
television,  guidance  and 
control  systems,  and 
many  others. 

systems  analysts 
To  consider  such  basic 

problems  as  the  require- ments of  manned  space 
flight;  automatic  target 
recognition  requirements  for 
unmanned  satellites  or 

high  speed  strike reconnaissance  systems; 
IR  systems  requirements 
for  ballistic  missile  defense. 

infrared  specialists 
To  perform  systems 
analysis  and  preliminary 
design  in  infrared  activities 
involving  satellite  detection 
and  identification,  air-to-air 
missiles,  AICBM,  infrared 
range  measurement, 
air-to-air  detection  search 
sets,  optical  systems, 
detection  cryogenics 
and  others. 

Inquire  today.  Fit  yourself  into  the  space  picture  at  Hughes. 
Please  airmail  your  resume  to: 

Mr.  Robert  A.  Martin 
Supervisor  of  Scientific  Employment 

Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 

Culver  City  28,  California. 
We  promise  you  a  reply  within  one  week. 

Creating  a  new  world  with  electronics 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

An  equal  opportunity  employer. 
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MISSILE/SPACE  BUDGET  '63 

Record  $16.2  Billion  Sought 

Kennedy's  missile/space  request  tops  Ike's 

last  by  $6  billion;  $20  billion  seen  for  FY  '64 
by  James  Baar 

THE  KENNEDY  Administration  is 
asking  Congress  to  pour  a  record- 
shattering  SI 6.2  billion  into  the  nation's booming  missile/space  programs  for 
FY  '63. 

The  huge  missile/space  appropria- 
tion request — more  than  16%  of  the 

$99.3  billion  Federal  budget  that  Presi- 
dent Kennedy  sent  to  Capitol  Hill  last 

Thursday — is  some  $6  billion  higher 
than  the  amount  the  Eisenhower  Ad- 

ministration sought  just  one  year  ago. 
Nor  is  the  end  in  sight. 
Top  government  officials  forecast 

that  missile/space  money  requests  will 
rise  at  least  another  S3-billion-to-$4- 
billion  in  FY  '64. 

The  increases  are  expected  primarily 
in  NASA/DOD  space  programs — un- 

less the  Cold  War  should  worsen.  Under 
present  circumstances,  the  Defense  De- 

partment's budget  is  expected  to  level off  at  about  its  new  record  peacetime 
high  of  $51.6  bil- 
lion. 

•  Delayed-re- 
action  spending — 
Meantime,  Fed- 

eral spending  on 
missile/ space  pro- 

grams, although 
lagging  consider- 

ably behind  new 
money  requests  as 
it  has  over  the  last 
several  years,  is 
also  expected  to 
continue  to  climb 
sharply  over  the 
next  several  years. 

For  example. 
NASA  is  request- 

ing a  total  of  $3.7 
billion  in  the  new 
budget.  However, 
the  agency  ex- 

pects  to  spend 

only  $2.4  billion  in  FY  '63. The  same  pattern  is  found  in  the 

Pentagon's  budget  estimates.  The  FY 
'63  request  for  new  money  is  $51.6 
billion;  the  spending  forecast  is  $49.7 
billion. 

Differentials  of  this  kind  between 
authorizations  and  spending  almost  in- 
varibly  result  in  considerable  spending 
increases  in  successive  budgets.  There- 

fore, the  new  DOD/NASA  money  re- 
quests alone  are  considered  certain  to 

push  spending  in  FY  '64  beyond  the S92.5-billion  level  at  which  the  Presi- 
dent hopes  to  balance  the  budget  in 

FY  '63. 
The  missile/space  program  requests 

for  the  new  fiscal  year  show  a  number 
of  decided  trends: 

—NASA,  DOD  and  other  space 
programs  are  claiming  an  increasingly 
larger  share  of  the  total  appropriation 
slice.  The  new  split:  $5.5  billion  for 

Missile/Space  FY  '63  Budget 
Request 

(NO A'  in  millions  of  dollars) 
Missile  Procurement  4,011 
Missile  RDT&E  2,200 
Missile  Base  Construction  650 
Military  Sciences 
Foreign  Aid  Missiles 
Missile  Maintenance 
Ships  (Polaris  subs  and 

seaborne  GSE) 
Other  (Related  military 

electronics,  GSE) 
NASA  R&D 
NASA  Construction 
Military  Astronautics 
AEC  Astronautics 
Weather  Bureau  Astronautics 
NSF  Astronautics 
TOTAL 
*  Estimates  based  on  official  budget  submissions 

all  space  programs;  $10.9  for  missiles 
and  related  programs. 

—Spending  on  big  missile  systems 
continues  to  dominate  Pentagon  pro- 

curement plans  despite  the  buy-out  of 
Atlas  and  Titan  I.  However,  the  pro- 

curement of  tactical  missiles  as  part  of 
the  strengthening  of  limited  war  forces 
is  increasing  significantly. 

—The  Apollo  Manned  Lunar  Land- 
ing Program  is  maintaining  its  urgent 

pace,  but  it  is  narrowing  somewhat  in 
scope.  Earlier  plans  for  rapid  develop- 

ment of  a  multimegapound-thrust  solid 
superbooster  have  been  dropped.  (M/R, 
Jan.  15,  p.  13).  NASA  will  rely  on 
reaching  the  moon  by  orbital  rendez- 

vous or  using  a  liquid-fueled  super- 
booster.  Solid  superboosters  will  be  de- 

veloped at  a  decidedly  more  leisurely 

pace. 

—The  number  of  new  missile  pro- 
grams is  growing  smaller.  The  budget 

discloses  emphasis 
on  only  two:  The 
Air  Force  Mobile 
MRBM  to  be 
based  on  land  or 
sea,  and  a  new 

Army  surface-to- surface  missile  for 
division  support. —Air  Force 

space  programs are  increasing 

somewhat  in  dol- 
lars, but  the  in- creases could  be 

far  more  signifi- 
cant than  the  dol- lars indicate.  One 

of  the  most  sig- nificant additions: 
sizeable  funds  for 
development  of 

(Continued 

909 
121 

1,300 
1,500 450 

2,667.5 

650 1,517.7 792.9 
47.2 
1.7 

16,218 
on  page  S3) 
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BUDGET  '63 

DOD's  $51.6  Billion  Is  a  Plateau' 

Barring  drastic  changes,  pattern  may  be  set  through 

FY  '67;  stress  is  on  /CBM's — little  for  military  astronautics 

PRESIDENT  KENNEDY'S  defense 
budget  request  for  FY  '63  is  the  first 
slice  of  an  overall  five-year  military  pro- 

gram that  is  expected  to  cost  more  than 
$260  billion. 

This  is  the  long-range  significance  of 
the  $51.6-billion  request  for  new  de- 

fense money  carried  in  the  first  Federal 
budget  bearing  the  "pure  Kennedy  Ad- 

ministration" stamp. 
In  effect,  top  Pentagon  officials  re- 

gard the  FY  '63  new  money  figure  as 
an  "approximate  plateau"  that  will  be 
maintained  through  FY  '67  unless  there 
are  sharp  changes  in  the  Cold  War,  ma- 

jor technical  breakthroughs  or  unsettling 
political  developments  such  as  a  change 
in  Administration. 

The  putting  together  and  adoption 
of  the  five-year  defense  plan  is  the 
result  of  the  revolutionary  changes 
in  Pentagon  budget-making  introduced 
by  Defense  Department  Comptroller 
Charles  J.  Hitch. 

The  new  defense  budget  was  sent  to 
Congress  in  two  forms:  the  first,  the 
usual  one,  listed  requests  by  appropri- 

ation titles  as  required;  the  second,  by 
program  packages,  groups  requests  ac- 

cording to  function  and  regardless  of 
military  service. 

The  program  packages,  in  turn,  were 
put  together  by  the  Defense  Department 
in  terms  of  the  overall  goals  of  the  five- 
year  program.  Therefore,  officials  con- 

tend that  they  now  can  quickly  deter- 
mine the  effect  in  dollars  of  any  decision 

to  change  program  packages  or  long- 
range  goals. 

Moreover,  the  new  system  is  de- 
signed to  switch  the  orientation  of  de- 

fense budget-making  away  from  arbi- 
trary dollar  ceilings  and  toward  security 

needs.  Whether  the  new  programs  and 
the  new  plateau  will  harden  into  pro- 

gram ceilings  and  a  roof  is  yet  to  be 
determined. 

•  Break-down — Under  the  new  sys- 
tem, here  is  how  the  FY  '63  budget 

breaks  down  into  major  military  pro- 
grams. The  figures  in  billions  of  dollars 

t$4 TOTAl  DOD  BUDGET  FOR  YEAR  IN  BILLIONS 

$41.9  $43.1  $49.8 

'60  FY  '61  FY  '62  FY  '63 
GRAPH  OF  four-year  appropriations  for  three  services  shows 
continuing  rise  for  all,  consistent  ratio  of  spending. 

represent  the  total  amount  of  money  the 
Administration  plans  to  have  on  hand. 
Figures  in  parenthesis  are for  FY 

'62. 

Strategic  Retaliatory  Forces 9.4 (  9.5) 
Continental  Air/Missile 

Defense 2.1 
(  2.2) General-Purpose  Forces 18.4 
(18.2) 

Sealift  and  Airlift 1.3 
(  1.1) Reserve  Forces 1.9 
(  1-8) R&D  (not  inclusive) 5.7 (  4.7) General  Support 12.8 (12.1) 

Civil  Defense .7 (  .3) 
Military  Assistance 1.5 

(  1.6) 

Pay  Adjustments  Proposed 

.2 
TOTAL 53.9 (51.5) 

The  Administration  proposes  to 
meet  the  planned  total  by  carrying  over 
$2.3  billion  in  unused  defense  appro- 

priations from  FY  '62  and  receiving 
$51.6  billion  in  new  money  requested 
from  Congress.  This  is  $1.7  billion 
higher  than  the  defense  money  request 
for  FY  '62. Of  the  total  $53.8  billion  available. 

the  Administration 
plans  to  spend 
$49.7  billion  during 
the  new  fiscal  year. 
This  is  $1.5  billion 
higher  than  planned 
spending  during  the current  fiscal  year. 

By  comparison, the  Pentagon  was 

spending  at  an  an- nual rate  of  about 

$5  billion  less  dur- 
ing the  last  full  fis- cal year  of  the 

Eisenhower  Ad- ministration. 
•  No  surprises 

— As  a  whole,  the 
new  defense  budget 
contained  no  big 

surprises  in  missile 
and  space  pro- 

grams. Two  note- 
worthy decisions — killing  the  mobile 

Minuteman  and  last-minute  elimination 
of  production  money  for  the  Nike-Zeus 
antimissile  missile — had  been  known  for 
some  time. 

Missile  procurement  requests  soared 
to  a  total  of  $4.01  billion — some  $750 
million  more  than  in  the  current  fiscal 
year.  Meantime,  aircraft  procurement 
requests,  after  a  brief  rise  this  year, 
dropped  to  a  still-hefty  $5.4  billion. 

Military  astronautics  program  re- 
quests rose  somewhat  to  $1.5  billion,  an 

increase  of  more  than  $350  million.  The 
main  space  effort  continued  to  remain 
in  NASA's  hands. 

Here,  area  by  area,  is  how  the  mili- 
tary missile/space  programs  fared: 

Strategic  Missiles 
The  Defense  Department  reaffirmed 

its  decision  to  build  an  ICBM  force 
capable  of  a  more  flexible  strategy  than 
the  "all  or  nothing"  plan  of  the  Eisen- hower Administration. 

Both  the  Minuteman  and  Polaris 
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forces  received  new  increases.  U.S.  de- 
terrent strength  in  the  later  half  of  the 

1960's  is  being  staked  primarily  on  the hardened  and  dispersed  Minuteman  and 
the  mobile  Potora-launching  submarine. 

The  budget  seeks  six  more  Polaris 
subs  along  with  long-lead-time  items 
for  still  another  six.  The  new  increase 
would  bring  to  35  the  total  number  of 
fully  funded  ships  in  FY  '63.  The  Navy 
also  is  seeking  an  additional  Polaris 
tender — the  fourth — and  a  converted 
cargo  ship  for  servicing  the  tenders. 

Moreover,  funds  are  sought  for  the 
first  time  for  initial  construction  of  a 
Polaris  Depot  for  servicing  Polaris 
squadrons  deployed  in  the  Pacific.  The 
depot  is  now  scheduled  to  be  built  at 
the  Bangor  Naval  Ammunition  Depot. 
Wash.,  rather  than  Pearl  Harbor  as 
originally  planned. 

Despite  the  new  requests  for  subs, 
the  Polaris  shipbuilding  program  is  still 
slipping  day-for-day  beyond  the  29th 
submarine. 

The  budget  seeks  four  more  50- 
missile  Minuteman  squadrons,  bringing 
to  800  the  total  force  authorized  or  re- 

quested through  FY  '63.  And  officials 
confirm  that  plans  call  for  at  least  sev- 

eral hundred  more  in  FY  '64. 
However,  there  is  no  indication  so 

far  that  additional  sites  beyond  the  bases 
for  800  missiles  will  be  procured  in  ad- 

vance in  order  to  cut  lead  times  if  full 
Minuteman  production  should  be  or- 

dered at  a  later  date. 

The  programs  for  the  nation's  other 
two  big  strategic  missiles — the  Atlas  and 
Titan — are  nearing  an  end.  The  budget 
calls  for  final  procurement  funds  to 
complete  the  planned  13  Atlas  squad- 

rons and  six  Titan  I  squadrons  as  well 
as  "substantially  complete  procurement" 
of  the  planned  six  Titan  II  squadrons. 

Initial  procurement  of  the  Skybolt 
ALBM  also  is  to  be  ordered.  However, 
this  is  merely  for  test  missiles. 

Tactical  Missiles 

Army  procurement  of  tactical  mis- 
siles will  rise  under  the  proposed  budget 

plan.  But  the  amount — $681  million — 
is  still  considered  low  for  equipping  the 
Army's  strengthened  ground  forces. 

Among  the  new  missiles  to  be  pur- 
chased are  Pershing,  Davy  Crockett, 

Sergeant,  and  Redeye.  Further  buys  are 
also  planned  for  Hawk,  Honest  John, 
Little  John  and  various  antitank  missiles. 

The  Navy  plans  to  spend  $772  mil- 
lion on  missile  procurement  including 

the  new  Subroc  underwater-to-under- 
water ASW  missile.  The  buy  also  will 

include  Terrier,  Tartar,  Talos,  Sparrow, 
Sidewinder.  Bullpup,  Zuni  and  Asroc. 

Under  shipbuilding,  the  Navy's 
budget  includes  funds  for  the  first 
nuclear-powered  frigate  to  be  equipped 
with  the   Typhon   antimissile  missile. 

Military  Procurement 
Cm  millions  of  dollars) 

New  Obligational Authority 
Direct  Obligations Expenditures 

FY  'A? 
r  i  OJ ri  OA 

cv  '17 

ti  OJ 

PY  'A9 

r  I  OZ 

PY  'A1? 

r  I  Do 

Missiles* 

573 558 575 
558 

552 
681 

AKmi  neuronics/ 
1  nmmiinif/ifinnr 

307 
278 

314 291 
190 235 

Missiles* 

878 
953 

957 987 
602 772 

NAVY  Electronics/ 
Communications 391 

360 
434 378 266 333 

Missiles* 

1805 2500 
2366 

2550 
2370 

2446 AIR  FORCE  Electronics/ 
Communications 677 562 

798 626 
740 639 

*  Excluding  construction,  ships  and  maintenance 

The  Air  Force  tactical  missile  buy 
is  to  include  Sidewinders,  target  drone 
missiles  and  Bullpups — both  the  A  and 
nuclear  B  models. 

R&D  and  Astronautics 

The  budget  formally  announced  two 
new  missile  development  programs.  One 
is  the  Air  Force  mobile  MRBM,  which 
is  to  be  designed  for  launching  from 
land  and  sea.  The  other  is  a  new  Army 
surface-to-surface  missile  for  division 
support,  presumably  the  long-studied Missile  B. 

The  budget  also  called  for  con- 
tinued work  on  Nike-Zeus,  Skybolt,  the 

improved  version  of  Minuteman,  the 
2500-mile-range  Polaris  A-3,  Typhon 
and  Mauler.  Funds  also  were  included 
for  the  B-70  bomber,  Shillelagh  and  a 

number  of  more  low-level  projects. 
In  astronautics,  the  Air  Force  re- 

ceived most  of  the  $1.5  billion  sought 
for  continued  work,  primarily  on  the 
Samos,  Midas,  and  Saint  satellite  pro- 

grams, the  Dyna-Soar  manned  space- 
craft and  the  new  Titan  III  space 

booster.  Air  Force  plans  called  for  allot- 
ting about  $40  billion  to  the  develop- 

ment of  the  downgraded  solid  super- 
booster  originally  sought  for  the  Apollo 
program's  initial  lunar  trips. 

The  Army  received  funds  for  con- 
tinued work  on  the  Advent  communi- 
cations satellite;  the  Navy  for  the  Transit 

navigation  satellite  system. 
However,  in  general,  the  funding 

for  military  astronautics  fell  short  of 
a  number  of  proposals  which  manv 
Air  Force  officials  regard  as  urgent.  *♦ 

Military  Research,  Development,  Test  and  Evaluation 
(in  millions  of  dollars) 

Total  Obligational Authority 

FY  '62       FY  '63 
Obligations 

FY  '62       FY  '63 

New  Obligational Authority 

FY  *62      FY  '63 

ARMY 
Missiles 
Astronautics 
Military  Sciences 

494.9 

88 
228 

447 
100 
183.2 

492 
87 

228 

446 

100 185 

447 
100 

183 
Total  RDT&E* 

1299.9 1329 
1295 

1334 1251.6 1329 

NAVY 
Missiles 
Astronautics 
Military  Sciences 

682.7 

31.4 143.5 

671.8 

51.7 164.3 

605.7 
40.4 

150.5 

670 

51.7 164 

672 
52 

164 

Total  RDT&E* 
1306.3 

1474 1398 1470 
1296  2 1474 

AIR  FORCE 
Missiles 
Astronautics 
Military  Sciences 

1423.4 
940.4 
166.8 

1304.1 
1206.1 173.9 

1442.2 
929.3 
164.8 

1269.9 
1175.7 
169.3 

1810 

1006.3 

110 

Total  RDT&E* 
3350.1 3742.9 3351.2 3644.9 2434.4 3439 

00D MILITARY 
SCIENCES 243.9 

451 
242 446 192 

451 Includes  all  other  programs  in  addition  to  missiles,  astronautics  and  sere 
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BUDGET  '63 

Lunar  Drive  Gets  $4-billion  Push 

NASA  wins  100%  boost  over 

FY  '62  request— mainly  for 
Apollo,  but  Air  Force  gets  top 

space-medicine  role 

by  Hal  Taylor 

THE  FIRST  BIG  downpayment  for 
sending  men  to  the  moon  is  before  Con- 

gress this  week  in  the  FY  '63  budget. The  new  Federal  budget  requests  a 
total  of  $4  billion  for  civilian  space 

programs.  NASA's  share — a  whopping 
100%  increase  over  FY  '62 — is  pegged at  $3.7  billion.  Well  over  $3  billion  of 
this  amount  is  earmarked  for  accelerat- 

ing the  Apollo  Manned  Lunar  Landing 
Program,  which  is  expected  ultimately 
to  cost  $35  billion  or  more. 

NASA's  total  budget  breaks  down 
this  way  in  major  new  obligational 
authority: 

—  $2.9  billion  for  research,  develop- 
ment and  operation. 

—  $818  million  for  construction  of 
new  facilities. 

In  the  other  civilian  programs.  $192 
million  is  asked  for  the  Atomic  Energy 
Commission's  nuclear  space  systems  and 

Space  Programs 

NEW  OBLIGATIONAL  AUTHORITY—!  Elfiofis 

$3.1 

$47.2  million  for  the  Weather  Bureau's meteorological  satellite  system. 
Moreover,  the  Administration  also 

presented  Congress  this  week  with  a 
supplemental  request  for  $156  million 
to  NASA's  $1.7  billion  FY  '62  budget. 
All  but  $9  million  will  go  into  the  lunar 

program. The  outlook  for  NASA  next  year: 
Considerably  more. 

As  the  new  money  bill  went  to  Con- 
gress, NASA  Administrator  James  E. 

Webb  estimated  the  FY  '64  request  for 
his  agency  at  substantially  higher,  but 
less  than  double  this  year's  $3.7  billion. This  would  appear  to  indicate  a  total 
next  year  of  $5.5  billion  to  $6  billion. 

•  Spaceflight  funding — The  FY  '63 
spending  program  earmarks  $876.8  mil- 

lion for  manned  spaceflight — including 
both  the  three-man  Apollo  lunar  craft 
and  the  two-man  Gemini  earth  orbital 
vehicle.  There  is  $747.9  million  alto- 

gether for  the  Saturn,  Advanced  Saturn 
and  Nova  launch  vehicles. 

Other  areas  receiving  major  funding 
include  lunar  and  planetary  exploration, 
$273.5  million;  scientific  satellites,  $175 
million;  liquid  propulsion,  $163.1  mil- 

lion; nuclear  systems  technology,  $122 
million:  and  tracking  and  data  acquisi- 

tion, $158.4  million. 
The  NASA  budget  breakdown  was 

$5.5 Department  of  Defease 
1.5 

$1.8 

i.i 

1.8 

Fiscal  Years  1961 

NOTE:  Excludes  Missiles 

16 

National 
Aeronautics  and ! 
Administrate 

3.8 

'.2  Other' 

1962 

*  Atomic  Energy  Commission,  Weainer  Bureau,  and  National  Science  Foundation. 

given  by  Webb.  Deputy  Administrator 
Dr.  Hugh  L.  Dryden  and  Associate  Ad- 

ministrator Dr.  Robert  C.  Seamans,  Jr. 
While  there  were  no  surprises  or  devia- 

tions from  expected  fund  requests,  the 
officials  reported  that: 

—The  solid  Nova  launch  vehicle 
is  now  being  developed  strictly  as  a 

backup  to  NASA's  large  liquid  vehicle 
(M/R,  Jan.  15,  p.  13).  "There  is  no hope  of  getting  it  (solid  Nova)  ready 
in  the  same  time  period  as  the  liquid 
vehicle.  It  has  not  been  dropped,  but 

there  will  be  a  year's  further  study  of 
the  problem,"  Dr.  Dryden  said. 

—NASA's  Bioastronautics  program 
will  get  only  $27  million  in  new  funds. 
This  means  that  the  Air  Force  has  won 
the  primary  role  and  responsibility  in 
space-medicine  research  for  manned 
space  flight.  It  has  been  learned  from 
other  official  sources  that  this  was  the 
recommendation  of  the  special  Bioastro- 

nautics panel  of  the  National  Space 
Council. 

NASA  will  prepare  specifications 
and  keep  DOD  informed  as  to  the  work 
it  feels  must  be  done.  The  Air  Force 
will  do  most  of  the  work,  using  its  exist- 

ing scientific  complement  and  facilities. 
More  of  DOD's  medical  research  funds 
will  be  poured  into  the  space  medicine 
area.  NASA  will  get  no  funds  to  build 
new  bioastronautics  facilities  other  than 
those  planned  for  the  manned  spacecraft 
center  at  Houston. 

—A  contract  for  the  development 
of  the  M-l  liquid  hydrogen-oxygen  en- 

gine wiil  be  awarded  in  two  weeks. 
Total  funds  requested  for  the  program 

include  $55  million  in  the  Fiscal  '63 
budget  and  $26  million  in  the  supple- 

mental '62  request  (M/R,  Jan.  l,p.  10). 
—A  budget  request  of  $163.5  mil- 

lion will  be  used  for  the  design  and 
development  and  the  awarding  of  con- 

tracts for  the  first  and  second  stages  of 
the  Nova  liquid  vehicle.  The  first  stage 
of  the  vehicle  will  be  powered  by  eight 
F-l  engines  developing  12  million-lbs. 
thrust,  the  second  stage  will  have  four 
M-l  engines  with  a  thrust  of  over  4 
million  lbs.,  and  the  third  stage  will 
have  one  M-l  (M/R,  Jan.  8,  p.  13). 

—Design  and  development  of  the 
Voyager  and  Prospector  spacecraft  will 
begin  in  Fiscal  '63  (M/R,  Aug.  14, 
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1961,  p.  37). 
Voyager  will  be  used  for  long  inter- 

planetary missions  and  is  scheduled  to 
orbit  Mars.  Prospector  will  be  soft- 
landed  on  the  moon  and  will  provide 
support  of  manned  lunar  landings  and 
exploration  of  the  lunar  surface. 

—Development  of  follow-on  active 
communication  satellite  programs  simi- 

lar to  projects  Relay  and  Syncom  will 
begin  and  contracts  are  expected  to  be 
awarded  to  industry  early  next  fiscal 
year  (M/R.  Aug.  21,  1961,  p.  17). 

—A  new  program  is  being  launched 
to  develop  a  high-power  nuclear  SNAP 
engine  for  application  to  large  commu- 

nication satellites,  reconnaissance  sys- 
tems and  space  probes.  The  program 

will  use  basically  the  technology  to  be 
developed  from  the  high-temperature 
lithium-cooled  reactor  experiments. 
Funds  for  the  new  program  are  in- 

cluded in  the  $71  million  requested  for 
research  and  development  of  nuclear 
satellite  systems  for  the  AEC. 

The  $2.9-billion  total  for  NASA's 
research  and  development  activities  is 
misleading,  because  the  general  category 
also  includes  salaries,  purchases  of  sup- 

plies and  other  supporting  activities. 
The  federal  budget  reveals  that  only 
about  $2  billion  will  actually  be  spent 
on  R&D  by  NASA.  Some  $400  million 
will  be  spent  for  NASA  by  other  federal 
agencies.  The  remaining  $500  million  is 
the  estimated  costs  of  all  the  activi- 

ties which  support  the  space  agency's 
programs. 

Of  the  total  of  $3.9  billion  in  re- 
quested obligations,  about  $3.4  billion 

will  ultimately  be  spent  with  industry. 
Only  $2.4  billion  will  be  spent  by  NASA 
in  Fiscal  '63.  The  remainder  of  the 
authorized  funds  will  be  doled  out  over 
a  three-year  period. 

The  major  emphasis  given  to  the 
manned  lunar  landing  program  is  illus- 

trated in  the  detailed  breakdown  of  the 
budget  provided  by  the  three  NASA 
officials: 

•  Manned  space  flight  programs — 
A  total  budget  of  $1.6  billion  has  been 
requested.  Funds  for  development  of 
the  Apollo  spacecraft  total  $617  million, 
most  of  which  will  be  used  to  finance 
contracts  for  the  lunar-landing,  com- 

mand and  service  modules  and  an  in- 
dustrial contractor  or  contractors  for 

the  guidance  system.  Dryden  said  that 
the  orbital  laboratory  module  is  still  in 
NASA  long-term  planning  but  will  not 
be  funded  in  Fiscal  '63. 

A  budget  of  $203  million  has  been 
asked  for  Project  Gemini.  This  will  pay 
not  only  for  part  of  the  development  of 
the  two-man  spacecraft,  but  also  for 
the  Titan  11  launch  vehicles  which  will 
be  used  in  the  program. 

Project  Mercury  is  slated  to  be 
(Continued  on  page  33) 

NASA  FY  63  Construction  Programs 
(In  Thousands) 

FY  61 
FY 

Appropriated 
62 
Proposed 
Supp. FY  63 

Ames  Research  Center 
S  980 

$  6,1/5 $  14,439 
Atlantic  Missile  Range 27,546 72,225 

S  55,000 
359,963 

Facility  Planning  and  Design 
5,154 

10,000 

Flight  Research  Center 
1,807 Goddard  Space  Flight  Center 

9,500 
9,180 23,780 Jet  Propulsion  Laboratory 

8,53? 

3,580 10,360 
Langley  Research  Center 11,957 

6,530 8,092 Lewis  Research  Center 
9,590 

1,040 43,833 
Manned  Spacecraft  Center 60,000 

30,755 Marshall  Space  Flight  Center 26,208 25,716 
33,437 Michoud  Plant 980 34J0C 

Mississippi  Test  Facility 10,090 16,000 92,500 
National  Nuclear  Rocket 

Development  Facility 15,000 40,000 
Pacific  Missile  Range 995  .  i 
Various  Location: 

Manned  space  flight  control 
centers 18,000 

Propulsion  Development 
Facilities 24,025 

45,000 Sounding  rocket  facilities 500 
Space  Radiation  Effects Laboratory 

12,382 Tracking  facilities 28,235 
20,261 35,850 Wallops  Station 

3,750 7,965 

4,300 
TOTAL  APPROPRIATIONS $126,297 269,356 

$71,000 $818,998 

NASA  Research,  Development  and  Operations 
(In  Thousands) 

PROGRAMS FY  61 FY  62 FY  62 FY  63 
Mercury 

$124,330 $  68,278 
$ 

$  13,259 
Advanced  Manned  Space  Flight 

6,266 

147,242 863,628 
Saturn  C-l 

173,908 282,193 249,237 
Advanced  Saturn 623 27,762 50,000 335,172 Nova 297 

6,322 

163,574 

Meteorological  Satellites 19,610 54,310 51,185 Communications  Satellites 33,833 48,477 85,377 
Sounding  Rockets 12,330 14,261 19,157 Scientific  Satellites 54,398 117,618 175,165 
Lunar  and  Planetary  Exploration 91,019 169,964 273,560 
Scout 

9,652 8,206 
8,947 

Delta 10,479 

2,927 

268 
Centaur 64,673 65,840 

9,000 66,664 
Spacecraft  Technology 27,126 37,145 54,084 Launch  Vehicle  Technology 13,851 23,080 31,690 
Launch  Operations  Development 

100 

1,789 
21,486 

Electric  Propulsion 
7,164 17,581 30,647 Liquid  Propulsion 72,726 103,901 26,000 163,102 

Solid  Propulsion 1,899 4,297 

7,944 

Space  Power  Technology 
8,913 

14,644 
20,172 Nuclear  Systems  Technology 25,050 50,234 122,962 

Aircraft  and  Missile  Technology 37,857 41,479 52,588 

Tracking  and  Data  Acquisition 44,330 94,844 158,410 

TOTAL  PROGRAM 
$840,434 $1,402,394 

$85,000 
$2,968,278 
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Backups  scheduled  .  .  . 

Ranger  III:  Most 

Complicated  &  Promising 

NASA  IS  READY  to  attempt  its 
first  long  space  flight  with  mid-course 
and  terminal  guidance — the  hard-land- 

ing of  Ranger  III  on  the  moon. 
The  flight — scheduled  for  a  Jan.  22- 

26  window — will  be  by  far  the  most 
complicated  unmanned  experiment  ever 
undertaken  by  the  United  States.  It  also 
holds  promise  of  being  the  most  reward- 

ing scientifically. 
If  successful  it  will  provide  the  first 

televised  "close-up"  photographs  of  the moon  and  the  first  recordings  of  seismic 
activity  and  other  information  about  the 
structure  and  composition  of  the  lunar 
surface.  (Russia's  Lunik  II.  which  im- 

pacted the  moon  in  September.  1959. 
released  only  a  sodium  vapor  cloud. 
It  contained  no  known  experiments  and 
took  no  pictures.) 

Ranger  111,  moreover,  is  the  fore- 
runner of  a  series  of  increasingly  sophis- 
ticated vehicles  intended  to  explore  and 

stake  out  a  landing  site  for  the  first  U.S. 
manned  lunar  expedition. 

The  intricacy  of  the  mission,  involv- 
ing dozens  of  perfectly  timed  events,  has 

left  little  room  for  optimism.  Indeed. 
NASA  says  it  has  scheduled  two  backup 
shots  this  year  "in  the  hope  that  one  of 

-  YAW  MANfUVEB 

SECOND  PITCH  MANEUVER 

CWNI  ANTENNA  DEPLOYED 
CAPSULE  SEPARATES RET.-.O  MOTOR  FIRES 

TERM  IN  A  L  MANEU  VERS 
in  NASA  artist's  conception. 

the  three  will  be  successful." Adding  to  the  uncertainty  is  the 
failure  of  two  previous  Ranger  launches 
designed  to  simply  fly  long  elliptical 
earth  orbits.  In  both  of  these,  the 
Agena  B  vehicle  failed  to  push  the 
spacecraft  out  of  its  near-earth  orbit 
into  escape  velocity. 

•  Flight  program — During  its  66-hr. 
flight  to  the  moon,  the  727-lb.  gold-  and 
silver-plated  spacecraft  carrying  a  balsa- 
wrapped  impact  capsule  will  follow  this 

program : —  Leave  the  earth  (on  an  Atlas- 
Agena  B).  achieve  a  parking  orbit  and 
reach  escape  velocity  of  24.500  mph. 

—  Perform  a  three-axis  maneuver  in 
space  to  lock  onto  the  sun  and  the  earth. 

—Accept  correction  commands  from 
the  earth,  change  its  orientation  in  flight, 
and  fire  a  mid-course  motor  to  put  itself 
in  collision  course  with  the  moon. 

—Re-establish  its  lock  on  the  sun 
and  the  earth. 

—  Perform  a  terminal  maneuver 
when  it  gets  within  5000  mi.  of  the 
moon. 

—Take  television   pictures  of  the 
lunar  surface  as  it  approaches  the  moon 
and  make  studies  of  the  composition  of 

the  lunar  surface 
and  its  radar  re- 

«  flection  character- 
istics. 

—  Separate  a 
retro  rocket  and 
capsule  system 
from  the  space- 

craft when  it  is 
70,000  ft.  above 
the  lunar  surface. 

—  F  ire  the 
retro  rocket  to 
slow  the  capsule 
system  from  6000 
mph  to  zero  ve- 

locity 1100  ft. 
above  the  surface. 

—  Detach  the 
instrumented  cap- 

sule containing  a 
seismometer  from 
the  retro  rocket 

FIRST  PITCH  MANEUVER 

)/  Ranger  III  shown  for  first  time 

so  that  it  rough-lands  from  a  free  fall  of 
I  100  ft.,  survives  the  landing,  positions 
itself,  and  then  sends  back  to  the  earth 
for  30  days  information  on  lunar  shock 
waves  and  meteoritic  impact. 

Ranger  111  is  5  ft.  in  diameter  at  the 
base  of  the  hexagon  and  in  its  launch 
position  with  the  solar  panels  folded  up 
in  the  manner  of  butterfly  wings.  In 
that  position,  it  is  8.25  ft. -high.  In  the 
cruise  position,  with  its  solar  panels  ex- 

tended and  the  high-gain  directional  an- 
tenna in  its  extended  position,  it  is  17  ft. 

in  span  and  10.25  ft.  high. 
The  Atlas  booster  will  carry  the 

Agena  B  and  Ranger  III  to  an  altitude 
of  1 15  statute  miles  above  the  earth  and 
to  a  velocity  considerably  below  orbital 
speed  of  18,000  m.p.h. 

At  approximately  280  seconds  after 
launch,  the  Agena  fires  for  the  first  time 
to  reach  orbital  speed.  It  will  then  shut 
down  and  go  into  a  parking  orbit  for 
more  than  13  min..  until  it  reaches  the 
optimum  point  in  time  and  space  to  fire 
for  the  second  time. 

This  firing,  which  will  put  the  space- 
craft into  escape  velocity,  will  occur 

over  Ascension  Is.  in  the  South  Atlantic 
approximately  23  min.  after  launch. 

Four  hours  after  launch,  the  gam- 
ma-ray experiment  will  be  turned  on. 

This  is  a  spectrometer  contained  in 
a  12-in.-dia.  ball  mounted  on  a  40-in.- 
long  arm  on  the  hexagon. 

At  the  same  time,  a  spring-loaded 
radar  antenna  is  moved  out  so  that  it 
can  send  its  radar  pulses  to  the  lunar 
surface.  This  will  test  the  radar  reflec- 

tivity. It  will  view  an  area  approx- 
imately 60  sq.  mi.  or  less  of  the  lunar 

surface;  the  result  may  serve  to  establish 
a  standard  area  of  calibration  for  more 
complex  earth  radar  systems  to  use  in 
lunar  work. 

As  the  radar  antenna  is  moved  out. 
a  lid  covering  the  camera  lens  is  pulled 
back.  At  2400  mi.  from  the  surface  of 
the  moon  and  40  min.  before  impact, 
the  camera  with  its  telescope  starts  tak- 

ing pictures  of  the  lunar  surface,  trans- 
mitting them  every  30  sec.  to  Goldstone 

Deep  Instrumentation  tracking  station. 
The  radar  altimeter — ranging  its  sig- 

nals against  the  moon  surface — initiates the  next  command.  At  8.1  sec.  before 
the  main  spacecraft  is  due  to  crash  into 
the  moon  and  destroy  itself,  the  lunar 
capsule  is  jettisoned. 

The  retro  rockets  fire  for  ten  sec- 
onds and  cancel  out  approximately  6000 

mph  from  the  speed  of  the  capsule  as- 
sembly. Retro  rocket  ignition  is  initiated 

at  52,000  ft.  so  that  the  entire  assembly 
will  come  to  zero  velocity  when  it  is 
approximately  1100  ft.  from  the  lunar surface. 

The  capsule  is  expected  to  impact  at 
150  mph.  a 
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'  ifter  1-3  orbits  .  . 

Safer  Sea  Recovery  Planned  for  Glenn 

A  NEW  WATER  recovery  system 
ill  be  employed  on  the  Mercury  cap- 

tile  when  the  United  States  makes  its 
rst  attempt  to  send  a  man  into  orbit. 

The  new  system  is  designed  for 
(reater  safety  in  the  open  sea.  Its  main 
Mature  is  an  inflatable  rubber  ring  to 
Jeep  the  capsule  upright  (see  photo) 
nd  avoid  a  possible  repetition  of  the 
ear-drowning  of  Astronaut  Virgil  I. 
jrisson  in  MR-4  last  July  (M/R,  July 
1,  p.  16). 

Marine  Corps.  Lt.  Col.  John  Glenn, 
Jr.,  is  to  be  at  the  controls  of  the 
-riendship  7  Mercury  capsule  as  this 
:ountry  tries  to  duplicate  the  Russian 
eat  of  manned  orbital  flight  achieved 
ast  April  and  again  in  August. 

Earliest  date  for  the  launch  is  Jan. 
24,  but  space  agency  officials  said  that 
slippage  from  day  to  day  is  possible. 

Also  undecided  is  how  many  times 
MA-6  will  orbit  the  earth.  The  deci- 

sion as  to  one,  two  or  three  orbits  will 
not  be  made  until  moments  before 
blastoff,  and  it  can  be  changed  any 
time  during  the  mission. 

The  Soviet  flights  were  for  one  and 
17  orbits'  duration.  NASA  will  not 
attempt  an  17-orbit  flight  until  later  this 
year,  using  a  Mercury  capsule  with  a 
modified  life  support  system. 

•  Similar  capsule  —  MA-6  is  de- 
signed to  prove  that  manned  orbital 

flight  with  the  Mercury  capsule  is  pos- 
sible; it  will  be  essentially  a  repeat  of 

MA-5  with  a  chimp  aboard  last  Novem- 
ber. It  will  also  provide  necessary  in- 

formation for  later  flights  in  the  two- 
man  Gemini — the  Mercury  follow-on — 
and  three-man  Apollo  lunar  spacecraft. 

Friendship  7  will  be  launched  with 
an  Atlas  booster  into  an  earth  orbit 
ranging  from  100-  to  150-mile  altitudes. 
Each  orbit  will  last  90  minutes,  with 
top  velocity  of  17,500  miles  per  hour. 

The  MA-6  capsule  will  be  similar 
to  those  used  in  earlier  Project  Mercury 
flights.  It  will  weigh  4000  lbs.  at  take- 

off, 3000  lbs.  during  orbit  and  2400 
lbs.  when  it  is  recovered. 

If  a  one-orbit  flight  is  made  it  will 
last  1%  hours  with  recovery  500  miles 
east  of  Bermuda;  two  orbits,  3'/2  hours 
with  recovery  500  miles  south  of  Ber- 

muda, and  a  three-orbit  flight,  4% 
hours  with  recovery  800  miles  south- 

east of  Cape  Canaveral. 
The  new  recovery  system  is  the  only 

major  change  from  earlier  flights. 

•  Enter  frogmen  —  The  astronaut 
will  probably  leave  the  capsule  by  the 
neck  rather  than  the  side  hatch  that 
was  used  during  the  manned  suborbital 
tests.  When  he  does,  he  will  be  met 
by  two  frogmen,  who  by  that  time  will 
have  cinched  the  new  flotation  belt 
around  the  base  of  the  craft.  The  tech- 

nique follows  one  suggested  for  re- 
covery with  a  blimp  (M/R,  Aug.  7, 

1961,  p.  17). 
Frogmen  will  leap  into  the  water 

with  the  quick-inflation  belt  from  one  of 
several  recovery  helicopters — launched 
from  aircraft  carriers — in  the  landing 
zone.  As  soon  as  the  three-foot-high 
belt  is  secured,  the  astronaut  will 
emerge,  grasp  a  horse  collar  from  a 
hovering  helicopter  and  be  hoisted 
about  for  the  flight  to  a  nearby  carrier. 
A  smaller  ship  will  recover  the  capsule 
and  the  frogman. 

During  the  flight,  Glenn  or  the 
backup  astronaut.  Navy  Lt.  Cmdr.  Mal- 

colm Carpenter,  will  be  kept  busy  by 
a  long  string  of  duties  including  moni- 

toring the  spacecraft's  attitude  control, electrical,  environmental  control  and 
communications  systems. 

He  also  will  monitor  critical  events 

during  launch  and  terminate  the  mis- 
sion if  necessary. 

His  other  chores  will  include: 
—  Maintaining  a  complete  naviga- 
tion log  during  flight  which  will  enable 

him  to  compute  his  retro-fire  time  if 
ground  communication  should  fail. 

—Sending  to  ground  communica- 
tions updated  retro-fire  information  and 

details  of  reports  on  behavior  of  space- 
craft systems  as  determined  by  ground telemetry. 

—  Evaluating  his  physical  condition 
to  augment  telemetered  data. 

MA-6  will  carry  about  3000  calories 
of  beef  mixed  with  vegetables  and  about 
6  lbs.  of  water.  The  water  will  be  in 
two  flat  bottles  each  fitted  with  an  ex- 

tendable tube.  The  food  will  be  in  two 
tubes  about  the  size  of  toothpaste  con- 

tainers. There  will  also  be  quick-energy 
sugar  tablets. 

Because  of  the  number  of  possible 
recovery  areas,  more  than  20  ships  will 
be  deployed  in  the  Atlantic  alone.  In 
addition,  ships  and  rescue  planes  around 
the  world  will  go  into  action  in  event 
of  an  emergency  landing.  More  than 
15,000  men  will  have  a  hand  in  the 
recovery,  search  and  rescue  effort.  8 

missiles  and  rockets,  January  22,  1962 21 



SPACE 

SYSTEMS 

Another  first  for  MISSILES  AND  ROCKETS, 

presenting  all  the  nation's  military  space 
projects  and  programs  in  a  single  package  in 

M/R's  2nd  annual  research  and  engineering  issue — 
theme:  MILITARY  SPACE  SYSTEMS 

The  military  space  budget 

is  expected  to  more  than  double  in  '62 
and  the  upward  trend  will  continue. 

In  M/R's  highly  successful  NASA  issue,  published 
November  27,  1961,  M/R's  editors  totally 
covered  NASA's  programs  and  projects. 
On  March  26,  1962,  M/R  will  publish  its  second 
annual  Research  and  Engineering  issue, 

the  companion  to  the  NASA  issue.  In  it,  M/R's editors  will  cover  the  military  space  budget, 

programs  and  projects,  personnel,  facilities, 
and  contracting  procedures — with  emphasis 
on  what  the  military  will  buy  in  the  future. 
And  most  important  .  .  .  M/R  will  provide  an 
Industry  Guide  to  the  Military  Space  Centers. 

Plan  for  the  future  by  advertising  in 

Missiles  and  Rockets'  Second  Annual 
Research  and  Engineering  Issue — 
theme:  MILITARY  SPACE  SYSTEMS 

ADVERTISING  CLOSING  DATE:  MARCH  5 



Technical  Countdown 

ELECTRONICS 

Mono-Degree  ComSat  Gyro  Envisioned 
A  single  gyro-skewed  axis  concept  could  stabilize  a 

communications  satellite  with  its  radio  antenna  permanently 
pointed  towards  earth.  The  MIT  idea  combines  the  gyro- 

scopic reaction  of  a  satellite  with  that  of  a  single  gyro  to 
achieve  relative  precession  of  the  vehicle  and  the  gyro's gimbal.  The  oscillatory  energy  of  the  vehicle  would  be 
dissipated  as  heat  in  the  viscous  damper  of  the  gyro.  Key 
to  the  concept  is  the  tilt  in  the  reference  axis  of  the  gyro 
and  in  the  radiation  axis  of  the  antenna  relative  to  the 
principal  inertia  axis  of  the  satellite. 

Apollo  May  Use  Fuel  Cells 
Fuel  cells  seem  to  have  the  inside  track  in  the  running 

for  Apollo  power  supplies.  Word  is  that  a  NASA  develop- 
ment contract  in  the  area  is  imminent.  Most  likely  con- 

tenders include  General  Electric,  Pratt  &  Whitney,  Union 
Carbide,  Allis  Chalmers  and  Thompson  Ramo  Wooldridge. 

Maser  Cooling  Through  Closed  Loop 

Garrett's  AiResearch  Division  is  developing  a  two-loop maser  cooling  system  using  neon  and  helium.  Conventional 
cascade,  piston  expanders  will  be  replaced  by  turbomachin- 
ery.  Both  expander  and  compressor  will  be  completely  non- 
lubricated,  the  former  using  gas  bearings  and  the  latter  dry- 
bearings. 

Lunar  Navigation  Progressing  in  USSR 
Charts  of  the  sky  as  seen  from  the  moon  and  the  planets 

in  the  Solar  System  are  being  compiled  by  the  Commission 
for  Lunar  Research  of  the  Soviet  Academy  of  Sciences.  The 
charts  would  be  a  necessity  for  prolonged  lunar  exploration. 

High-Strength  Superconductors  Can  Be  Predicted 
Research  in  molybdneum-rhenium  has  led  Westinghouse 

scientists  to  a  rule-of-thumb  formula  for  predicting  which 
superconductors  will  reach  high  magnetic  strengths.  Very 
strong  fields  observed  in  high-field  superconductors  can  be 
approximated  by  multiplying  the  measured  field  in  bulk, 
unworked  material  by  a  factor  of  30.  The  ratio  holds  for 
all  known  high-field  super-conductors. 

PROPULSION  ENGINEERING 

Rocket  Test  Station  Open  to  Industry 
General  Electric  is  making  the  Malta  Test  Station  near 

Schenectady  available  to  industry  on  a  service  basis.  The 
facility  is  one  of  the  few  in  the  East  capable  of  handling 
rocket  engines  up  to  250,000  lbs.  thrust,  liquid-propellant 
evaluation  and  environmental  testing.  Current  programs 
at  the  station  involve  Lockheed.  Marquardt,  and  GE's MSVD. 

ADVANCED  MATERIALS 

Minuteman  Memories  Produced  at  Sperry 

Magnetic-free  disk  memory  units  for  the  Minuteman 
will  be  produced  by  Sperry  Gyroscope  Co.  under  a  contract 

from  North  America's  Autonetics  Division.  Sperry  will  use 
Autonetics-developed  computer  techniques  and  manufactur- 

ing processes  in  order  to  have  completely  interchangeable 
memory  units.  Initially,  only  subassemblies  will  be  handled: 
later,  Sperry  will  take  charge  of  procurement  or  production 
of  all  required  components. 

Commercial  Process  Fallout  Studied 

Industrial  economists  at  the  University  of  Denser  will 
trace  technological  advances  generated  by  the  various  space 
programs  as  they  filter  into  commercial  use.  Under  a 
S56,745  NASA  contract,  the  group  will  investigate  means 
to  enhance  this  flow  and  also  to  attempt  a  forecast  of  future 
civilian  products  which  may  result  from  current  space 
research. 

Beryllium  Composites  for  Re-Entry 
Aeronca  Manufacturing  Corp.  is  developing  capability 

to  fabricate  insulated  sheet  beryllium-ceramic  composite, 
with  an  eye  toward  re-entry  and  space  vehicle  structures. 
Under  a  $1.2-million  AFASD  contract,  the  work  also  calls 
for  optimization  of  the  heat-sustaining  structure,  and  a  new 
structural  insulation  system  has  been  developed.  A  full-size 
test  section  of  a  representative  lifting  body  re-entry  vehicle 
will  be  delivered  to  Wright-Patterson  AFB  for  evaluation. 

Scandium  Similar  to  Yttrium 

Analysis  of  the  first  pound  of  scandium  ever  produced 
indicates  the  element's  properties  are  very  similar  to  those 
of  yttrium  and  somewhat  similar  to  titanium's.  Measure- 

ments made  by  Union  Carbide  scientists  included  the  metal's crystal  structure,  density,  resistivity,  thermal  expansion, 
tensile  and  compressive  strengths  and  reaction  data. 

Titanium  Weakens  at  Cryogenic  Temperatures 
Battelle  researchers  have  confirmed  the  theory  that  the 

relative  toughness  of  titanium  falls  off  at  near-cryogenic 
temperatures  as  oxygen  concentration  increases.  Notched- 
unnotched  strength  ratios  were  measured  with  alloys  Ti- 
6A1-4V  and  Ti-5Al-2.5Sn.  Other  tests  checked  direction, 
yield  and  tensile  strengths,  elongation  and  notched-un- 
notched  strength  ratios. 

SUPPORT  EQUIPMENT 
Sun  Will  Have  Earthbound  Rival 

General  Electric*s  new  Space  Technology  Center  at 
Valley  Forge,  Pa.,  will  include  a  space  simulator  capable 
of  creating  the  severe  environment  of  the  exosphere.  Meas- 

uring 54  ft.  high  x  32  ft.  in  diameter,  the  massive  facility 
will  be  capable  of  producing  a  near-vacuum  at  about  —280° 
and  of  training  a  20-ft.-dia.,  18,000-footcandle  beam  of 
light  on  test  vehicles.  Four  banks  of  37  xenon-arc  flood- 

lights each  will  be  focused  through  a  giant  lens  and  reflector 
assembly.  Although  the  new  lamps  operate  at  35  v.,  145 
amp.,  a  50,000-v.  pulse  is  required  to  develop  the  arc 
across  lamp  electrodes. 
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ASW  engineering 

System  Yields  Fine  Sea-Floor  Maps 

by  William  Beller 

A  RECENT  ADVANCE  in  under- 
water photography  may  lead  to  large- 

scale  "aerial"  surveys  of  the  sea  bottom 
by  ship-mounted  or  ship-towed  cameras. 

The  new  technique  produces  color 
stereoscopic  pictures  that  are  turned 
into  topographical  maps  of  micro-areas 
of  the  ocean  floor. 

These  maps  give  remarkable  deline- 
ations of  the  character  of  the  floor, 

which  become  valuable  data  in  a  "sonar 
bounce"  system  used  to  detect  subma- rines. 

An  extension  of  the  technique  is 
proposed  as  an  effective  way  to  search 
out  and  classify  mines. 

Oceanographers  also  see  high  value 
in  it  for  tracing  the  flow  of  ocean  cur- 

rents, learning  the  geology  of  the 
ocean  bottom,  and  studying  the  sea's 
organisms. 

The  Coast  and  Geodetic  Survey 
(C&GS)  is  pioneering  work  on  under- 

water stereoscopic  photography,  the  Hy- 
drographic  Office  has  made  experimen- 

tal runs  with  stereoscopic  equipment, 
and  the  Office  of  Naval  Research  is 
said  to  be  evaluating  the  concept  for 
defense  applications. 

•  A  wide-eyed  camera  —  Heart  of 
the  system  are  two  cameras  spaced  five 
feet  apart — rather  than  the  "eye-span" distance  of  2.5  in.  In  this  way,  parallax 
is  sufficiently  increased  to  give  accurate 

J0 

FRAME  carrying  the  stereoscopic  camera 
system  is  lowered  over  the  side. 

readings  of  terrain  heights.  This  method 
has  been  used  in  aerial  photography  but 
not,  until  now,  in  underseas  work. 

Biggest  stumbling  block  in  the  way 
of  taking  underwater  color  pictures  for 
topographical  purposes  is  getting  enough 
light  to  illuminate  deep-sea  terrain.  The 
sun's  light  is  gone  at  about  500  ft.  below the  water  surface,  which  means  that 
other  methods  have  to  be  used  to  make 
the  floor  visible. 

Dr.  Harold  E.  Edgerton.  inventor 
of  the  electronic  flash,  proposed  that  a 

pulsed  light  be  used — a  technique  based 
on  his  earlier  development.  And  he  sup- 

plied a  basic  system  to  C&GS  through 
Edgerton.  Germeshausen  and  Grier  Co. 
of  Cambridge.  Mass.  In  turn,  the  C&GS 
modified  the  system  into  its  present  one. 

In  addition  to  two  cameras,  the  sys- 
tem has  two  light  sources,  a  sonar 

"pinger"  and  a  power  supply.  The  com- 
ponents are  separately  housed  in  cylin- 

ders able  to  permit  operation  at  depths 
down  to  37,000  ft.  These  are  "bathy- 

scaphe" depths,  and  an  unmanned  in- strument that  can  work  at  them  has 
the  immediate  advantage  of  economy. 

•  A  peep  at  the  deep — The  cylin- 
ders are  mounted  on  a  framework  low- 
ered from  a  ship  into  the  sea. 

As  the  apparatus  sinks,  the  sonar 
pinger  generates  a  signal  sent  both 
downward  and  upward.  The  direct  sig- 

nal plus  the  one  reflected  from  the 
ocean  floor  are  displayed  on  a  ship- 

board oscilloscope,  and  the  phase  dif- 
ference between  the  two  tell  the  appa- 

ratus' approximate  height  above  the 
floor.  A  timer  puts  the  system  into 
operation  when  it  is  at  the  chosen  dis- 

tance above  the  ocean  floor,  usually 
from  10  to  25  feet. 

(When  the  stereoscopic  photographs 
are  developed  and  analyzed,  the  exact 
height  of  the  apparatus  above  the  sea 
floor  is  determined.) 

The  camera  lens  is  opened  and  kept 
open  since  there  is  no  ambient  light  at 
the  operating  depth.  A  frame  of  film  is 
exposed  each  time  the  electronic  flash 
pulses — once  every  14  seconds,  which 
is  the  recycling  time  of  the  capacitors. 
Each  light  gives  out  200  watt-seconds 
of  energy. 

After  each  flash,  the  35-mm  film  in 
each  of  the  cameras  is  driven  to  the  next 
frame  until  500  frames  are  exposed — 
the  system's  present  capacity. 

In  the  system's  first  tests,  color 
stereoscopic  photographs  showed  sea 
life  at  2000  ft.  and  bottom  formations 
at  more  than  7000  ft.  Each  slide  caught 
a  view  of  about  65  sq.  ft.  of  ocean 
bottom. 

About  1000  slides  were  made  by  the 
new  camera.  With  these,  C&GS  photo- 

grammetrists  prepared  the  first  "micro- 
topographical"  map  of  the  ocean  floor. This  remarkable  little  map,  covering  12 
sq.  ft.  of  ocean  bottom,  shows  Vi-in. 

STEREOGRAPHS  of  three  organisms  in  the  deep  sea.  A  three-dimensional  effect  can  be 
experienced  if  each  picture  is  individually  seen  by  each  eye.  This  can  be  done  by  running 
a  strip  of  cardboard  two  to  three  feet  long  from  the  white  strip  between  the  pictures 
to  the  tip  of  the  viewer's  nose. 
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contour  lines  for  elevations  ranging 
from  zero  to  three  inches. 

Although  the  camera  is  used  to  take 
photographs  of  only  small  areas  of  sea 
bottom,  C&GS  scientists  explain  that 
these  bottom  "'samples"  provide  a  pre- 

cise idea  of  what  the  sea  floor  in  general 
is  like. 

"I  wouldn't  be  at  all  surprised  if 
this  is  only  the  first  step."  Dr.  Harris 
B.  Stewart.  Jr..  C&GS's  chief  oceanog- rapher.  told  Missiles  and  Rockets. 
Warming  up  to  the  idea,  the  scientist 
added.  "Eventually,  we'd  like  to  run 
'flight  strips'  from  San  Francisco  to Honolulu.  Now  that  we  see  that  the 
ocean  floor  can  be  stereo-mapped — why, 
the  sky's  the  limit,  if  you  can  use  that 
expression." The  photographs  now  under  study 
were  taken  90  miles  southeast  of  Nan- 

tucket, in  an  area  along  the  continental 
slope  known  as  "Hydrographer  Can- 

yon," named  in  the  1930's  for  a  C&GS 
ship. 

Next  trials  are  scheduled  for  this 
spring  at  a  depth  of  12.000  ft.  in  the 
waters  around  Puerto  Rico. 

•  More  light  needed  —  There  are 
still  major  problems  to  be  solved  before 
the  present  system  can  be  used  on  a 
wholesale  basis.  C&GS  scientist  W.  D. 

Harris  says  that  he'd  like  to  have  wide- angle  lenses  on  the  cameras  but  there 
aren't  any  around  that  will  not  be  dis- 

torted by  port  windows,  which  are 
needed  to  resist  the  pressure  of  thou- 

sands of  feet  of  water.  Such  lenses 
would  make  each  photographic  frame 
more  efficient  because  it  would  "see" 
larger  areas  of  the  ocean  floor. 

An  apparent  answer  is  to  raise  the 
camera  system  higher  above  the  floor. 
But  then  more  illumination  is  needed, 
which  is  the  second  problem  requiring 
a  solution.  The  lenses  in  use  have  rela- 

tive apertures  of  f4.5.  and  although 
they  possibly  could  be  made  faster,  this 
would  not  be  nearly  as  effective  as  a 
high-powered  lighting  system  could  be. 

The  General  Electric  Engineering 
Laboratories  in  Schenectady.  N.Y.,  re- 

cently completed  a  theoretical  study  of 
a  deep-sea  photographic  system.  To 
attentuate  back-scatter  of  light  by  par- 

ticles suspended  in  the  sea  water.  G.E. 
scientists  call  for  extremely  short  bursts 
of  illumination — of  the  order  of  10"s 
seconds.  Unlike  the  C&GS  system,  the 
GE  system  prescribes  an  image  orthi- 
con  to  pick  up  the  signals,  conceivably 
amplified  by  a  ruby  laser. 

A  GE  engineer  says  that  a  rule-of- 
thumb  limit  places  the  camera  not  more 
than  1000  ft.  above  bottom  terrain. 

Although  this  estimate  is  the  most 
conservative  of  several  given  to  M/R. 
if  it  were  realized  it  would  surpass  even 
aerial  photography  in  its  value  to 
photogrammetry.  it 
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"MICRO-MAP"  derived  from  stereoscopic  color  pictures  shows  in  the  fine  detail  of 
'A-in.  contours  the  topography  of  an  18-by-30-in.  area  of  the  ocean  floor. 
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advanced  materials 

Biggest  Vertical 

Heat-Treating  Furnace 

120-ft.-high  Pfaudler  facility  now  being  used  for 

production  can  handle  diameters  of  over  160  inches 

by  John  F.  Judge 

GLASSED-STEEL  PRESSURE  vessel  rests  in  the  loading  bay  of  Pfaitdler's  huge  heat- 
treating  furnace.  Cold  vessel  was  placed  on  charger  in  foreground  and  moved  onto 
elevator-hearth  located  beneath  the  furnace.  Unloader  at  left  removes  tank  to  permit charging  of  the  next  unit. 

THE  LARGEST  vertical  heat-treat- 
ing facility  in  the  world — capable  of 

handling  solid-rocket  cases  in  excess  of 
160-in.-dia. — is  in  operation  at  The 
Pfaudler  Co.,  division  of  Pfaudler-Per- 
mutit.  Inc.,  Rochester,  N.Y. 

The  installation  expands  Pfaudler's 
capability  in  its  basic  product  line — sup- 

plying equipment  for  the  processing  in- 
dustries— and  puts  the  firm  in  the  ranks 

of  an  industrial  complex  ready  to  tackle 
a  big  solid-booster  program. 

Overall,  the  permanent  furnace 
structures  towers  120  ft.  The  massive 
unit  has  inside  dimensions  of  17-ft.  (204 
in.)  diameter  and  33  ft.  in  height.  The 
facility  has  been  designed  with  struc- 

tural clearances  for  a  40-ft.  internal 
height  accomplished  by  raising  the  arch. 

The  furnace  is  now  in  production 
use  and  provides  missile/ space  pro- 

grams with  a  heat-treating  facility  fi- 
nanced by  a  private  firm  on  the  basis 

of  other  product  needs. 
•  Excellent  tolerance — Designed  for 

2500°F  constant  service  with  54  million 
BTU  capacity,  the  unit  can  maintain 

AIR-CONDITIONED  control  cubicle  is 
the  monitoring  station  which  handles  all  of 
the  loading,  firing,  and  unloading  of  pieces 
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±  10°F  characteristics  throughout  its 
entire  length.  This  is  achieved  through 
special  linings  of  monolithic  refrac- 

tories, spirally  located  and  tangentially 
oriented  burners,  plus  excess  air  or  ratio 
option  and  multi-zone  controls. 

The  highly  automated  and  instru- 
mentated  control  system  can  vary  the 
temperature  from  400°  to  2500°  within 
small  tolerances.  Control  equipment  in- 

cludes multi-zone  thermocouples,  for 
internal  furnace  temperature  measure- 

ment, and  radiation  heads  for  measure- 
ment, automatic  control  and  recording 

of  actual  work  temperatures. 
A  programer,  integrated  with  the 

electronic  system,  permits  reliable  pre- 
selection of  heating  rates,  holding  times 

and  cooling  rates.  The  furnace  is  de- 
signed for  inert  atmosphere. 

•  Bottom  loading  —  The  variable- 
speed  rotating  hearth  of  the  furnace 
combined  with  high  operating  tempera- 

tures necessitated  the  design  of  a  special 
seal  closure.  Other  features  include  a 
variable-speed  loader,  unloader  and  ele- 

vator  mechanism.    All   of   these  are 

automatically  controlled,  and  the  cir- 
cuitry is  interlocked  for  maximum  relia- 

bility and  safety. 
The  huge  furnace  is  fixed — any 

quenching  tanks  needed  are  rolled  under 
the  unit  to  accept  the  treated  part.  The 
design  of  these  quench  tanks  and  other 
accessories  for  heat-treating  solid  cases 
is  complete  and  installation  can  be  ac- 

complished within  90  days  of  go-ahead 
signal.  A  case  can  be  either  hung  in  the 
furnace  or  bottom-supported — or  both. 

Pfaudler's  location  is  accessible  to 
several  modes  of  transportation.  The 
plant  is  75  ft.  from  the  New  York  State 
Barge  Canal,  three  miles  from  Lake 
Ontario — which  serves  as  a  route  to  the 
Saint  Lawrence  Seaway  or  other  Great 
Lakes — and  near  railroad  facilities. 

The  furnace  building  itself  houses 
a  50-tone  crane,  automatic  dust  collec- 

tors and  independent  heating,  air,  water, 
gas  and  electrical  systems.  Special  proj- 

ects can  easily  be  confined  to  this  self- 
contained  area,  since  railroad  siding 
adjoin  the  new  20,000-sq.-ft.  building. 

Pfaudler   has    long   specialized  in 

pressure  vessels,  large  and  small.  The 
firm  has  fabricated  thousands  to  ASME 
standards  and  former  API  codes.  Heat- 
treating  and  quenching  of  pressure  ves- 

sels and  other  products  of  varying 
materials  are  routine  in  the  many  fur- 

naces in  the  firm's  two  plants. 
Research  into  the  techniques  of  sup- 

port materials  during  heat-treat  and 
handling  methods  is  going  on  con- 

stantly. Large  units  are  common,  and 
trained  personnel  are  familiar  with 
handling  problems. 

The  new,  vertical  furnace  was  de- 
veloped, designed  and  installed  over  the 

last  three  years  to  provide  support  for 
existing  government  contracts  on  silicide 
coatings,  solid-fuel  propellants  and  to 
make  possible  the  firing  of  up  to  30,000- 
gal.  glass-lined  reactors  and  vessels  for 
the  processing  industries. 

The  firm  has  also  developed  a  pack 
cementation  coating  process  for  the  re- 

entry oxidation  protection  of  molyb- 
denum structural  parts  for  aerospace 

vehicles.  This  was  done  under  an  Air 
Force  contract.  tt 

to  be  treated.  All  furnace  operations  are 
controlled  from  this  booth,  and  all  controls 
are  interlocked  for  reliability  and  safety. 

ELEVATOR-HEARTH  in  place  at  base  of  furnace.  The  closure  utilizes  a  special  seal 
to  isolate  the  furnace  interior.  For  motor  cases,  a  shroud  would  cover  the  vessel  while 
in  the  furnace  to  provide  the  inert  atmosphere.  Quench  tanks  can  be  rolled  under  the 
unit  to  accept  treated  motor  chambers. 
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space  medicine 

AF  Lectures  Cover 

Host  of  Lunar  Problems 

by  Heather  M.  David 

San  Antonio — Radiation  protection 
may  be  a  "bone-chilling"  experience unless  a  way  can  be  found  to  predict 
solar  flares. 

Conferees  at  the  Air  Force's  Lec- 
tures in  Aerospace  Medicine  were  told 

by  Prof.  C.  A.  Sondhaus,  U.  of  Cali- 
fornia, of  several  novel  ways  of  protect- 

ing against  radiation  damage. 
One  method  he  suggested  would  be 

to  make  use  of  the  reduced  air  pressure 
(about  Vz  atmosphere)  in  which  U.S. 
spacemen  will  probably  have  to  operate. 
He  said  that  a  state  of  anoxia  (oxygen 
starvation)  might  be  of  some  use  in 
protecting  against  radiation. 

Another  possible  deterrent  to  radia- 
tion damage  might  be  diet.  Unsaturated 

fatty  acids  have  been  shown  to  be  ef- 
fective protection  against  radiation  at 

sub-lethal  levels.  On  a  flight  of  long 
duration,  he  said,  careful  diet  might  aid 
in  minimizing  radiation  damage. 

Injection  of  bone  marrow  is  also 
known  to  be  effective  in  increasing 
radiation  tolerance.  The  UC  paper 
quoted  the  proposal  that  frozen  and 
shielded  bone-marrow  suspensions  might 
be  taken  from  each  potential  astronaut 
for  use  in  emergency  situations  on  the 
voyage. 

•  Man  on  the  moon — Dr.  Hubertus 
Strughold,  professor  of  space  medicine 
and  advisor  for  research  for  the  Aero- 

space Medical  Center,  outlined  some  of 
the  unique  biophysical  problems  of 
travel  to  the  moon. 

Since  the  magnetic  field  of  the  moon 
is  400  times  weaker  than  that  of  the 
earth,  all  types  of  radiation  found  in 
space  have  direct  access  to  its  surface — 
and  in  the  primary  form  in  which  they 
are  found  in  space. 

Additionally,  the  moon  may  have  a 
dense  electronic  layer  up  to  one  meter, 
with  1 00,000  to  1 ,000,000  electrons  per 
cm'1  above  the  moon's  surface  blending at  about  15  meters  within  the  general 
electron  density  of  space.  This  theory 
was  advanced  by  Prof.  Fred  Singer  and 
Dr.  F.  H.  Walker.  If  it  is  correct,  the 
moon  astronaut  would  be  in  an  environ- 

ment medium  similar  to  that  of  the 

F-layer  of  the  earth's  ionosphere. 
The  moon  is  generally  assumed  to 

have  very  tenuous  atmosphere,  if  any 
at  all.  Dr.  Strughold  pointed  out  that  an 
unprotected  body  would  experience  the 
same  reaction  as  it  would  to  an  earth 
altitude  of  63,000  ft.  This  would  include 
profuse  evaporation  or  boiling  of  body 
fluids,  and  a  "time  reserve"  of  less  than 
1 5  seconds  after  exposure. 

The  chance  of  meteoritic  impact  will 
be  basically  the  same  as  in  free  space, 
except  that  it  is  cut  to  one-half  that 
value  by  the  moon's  solid  body  itself. The  environment  for  the  ear  would 

be  the  "silence  of  space"  with  all  its 
psychological  implications. 

There  will  be  a  permanently  black 
sky — since  there  is  no  atmosphere  to 
diffuse  or  scatter  light.  The  stars  and  the 
sun  will  shine  much  more  intensely, 
and  at  the  same  time. 

Looking  directly  into  the  sun  will  be 
very  hazardous.  The  retinas  can  be 
severely  burned,  as  in  an  atomic  flash. 

The  day-night  cycle  on  the  moon 
is  27  days  duration,  half  of  which  is 
continuous  sunlight.  Thus  the  day-night 
cycle  cannot  be  used  to  regulate  sleep 
and  wakefulness. 

The  sun  will  be  a  rich  source  of 
energy,  invaluable  in  the  photosynthetic 
regeneration  of  the  environment.  How- 

ever, it  will  be  absent  for  half  the  time, 
and  nuclear  power  must  be  used. 

At  some  depth  the  soil  may  be 
permanently  frozen,  or  there  may  even 
exist  a  layer  of  frozen  water  at  a  depth 
of  about  30  meters.  This  would  be 
tremendously  valuable  for  a  life  support 
system. 

•  Moon-microclimates — Dr.  Strug- 
hold also  noted  that  there  will  be  small 

pockets  of  unique  climatic  conditions 
below  the  rims  of  craterlets,  cliffs,  rills, 
ridges  and  in  caves.  He  said  these  loca- 

tions would  provide  some  thermal  sta- 
bility and  a  shield  against  meteoritic 

material  and  cosmic  rays.  If  primitive 
life  exists  on  the  moon,  it  will  probably 
be  in  these  microclimatic  niches. 

Lunar  gravity  is  about  17%  that  ot 
the  earth — probably  just  enough  to  per- 

mit walking.  According  to  Dr.  Strug- 
hold, this  should  decrease  metabolic 

turnover,  and  caloric  intake  can  be  cut 
down  to  about  2500  to  2800  per  day. 
He  cautioned  scientists  not  to  go  too  far 
in  that  respect  because  decreased  weight 
and  resultant  hypodynamic  state  might 
lead  to  a  kind  of  general  asthenia  affect- 

ing the  muscles  and  the  circulatory 
system.  Physical  exercise  will  be  a  must. 

•  Extraterrestrial  life — If  life  re- 
sembling that  on  earth  does  exist  on 

other  planets,  there  is  a  fifty-fifty  chance 
that  it  may  not  be  edible  or  usable  to 
earth-originated  beings. 

Dr.  Stanley  L.  Miller,  of  the  Uni- 
versity of  California,  San  Diego,  told  of 

an  experiment  in  which  he  synthesized 
amino  acids  from  conditions  like  those 
of  the  earth  billions  of  years  ago.  Al- 

though amino  acids  are  a  long  way  from 
being  proteins,  he  said  this  was  a  first 
step  proving  that  life  originated  spon- 

taneous in  the  earth's  oceans. 
Amlyno  acids  occur  in  two  forms — identical  in  their  construction  but 

"mirror  images." 
Most  earth  biologic  forms  are 

"righthanded" — or  L — amino  acids,  and 
cannot  utilize  lefthanded — or  D — amino 
acids  for  food. 

Dr.  Miller  found  that  the  two  forms 
synthesize  in  equal  parts,  and  he  said 
it  was  probably  by  chance  and  natural 
selection  that  one  form  dominated  the 
other  on  earth.  He  said  that  it  might 
be  equally  possible  that  the  other  form 
might  be  predominant  on  another  planet. 
Thus,  although  its  plants  and  animals 
might  look  exactly  like  those  on  earth, 
they  might  be  indigestible  or  even  toxic. 

•  Biological  dosimeter  —  The  Air 
Force  also  presented  results  of  its  Dis- 

coverer XVII  and  XV III  flights,  in 
which  it  tested  a  dosimeter  to  determine 
the  damage  potential  of  radiation. 

Air  Force  microbiologists  found  that 
Clostridium  spores  would  mutate  at  a 
roughly  predictable  rate  when  exposed 
to  certain  dosages  of  radiation.  A  num- 

ber of  capsules  of  Clostridium  were 
carried  in  XVII,  which  was  exposed  to 
a  solar  storm. 

All  the  capsules  showed  effect  of 
exposure  to  radiation,  in  varying  degrees 
relative  to  their  position  in  the  capsule. 

About  a  week  later  Discoverer 
XVIII,  with  duplicate  experiments,  was 
launched.  Although  most  of  the  solar 
flare  had  passed,  there  was  still  a 
greater  amount  of  ambient  radiation 
than  is  normally  present.  Again,  results 
were  borne  out  and  the  capsules  showed 
the  same  relativity. 

In  all  cases,  the  microbiologist  said, 
the  samples  did  not  appear  to  have  re- 

ceived more  dosage  than  a  human  being 
could  easily  tolerate.  8 
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missile  electronics 

Zeus  May  Get  Array  Radar  System 

Sylvania  wins  Army  award 

for  further  work  on  design 

which  would  replace  larger 

acquisition  units  now  used 

by  James  Trainor 

AN  ADVANCED  radar  for  Nike-Zeus 
will  be  capable  of  performing  multiple 
functions  such  as  those  illustrated  below. 

A  MAJOR  change  may  be  in  the 

offing  for  the  Army's  Nike-Zeus  anti- missile missile  system. 
This  was  revealed  last  week  in  a 

$28-million  award  to  General  Tele- 
phone &  Electronics  Corp.,  Sylvania 

Electronic  Systems  division  ""for  con- tinued development  of  an  advanced 

radar  design  for  possible  incorporation" into  the  Army  system. 
Already  termed  ZMAR,  for  Zeus 

Multi-function  Array  Radar,  the  system 
consists  of  an  electronically-scanned  an- 

tenna designed  to  search  large  areas  of 
space  and  to  detect,  track,  and  identify 
enemy  ballistic  missile  warheads. 

Although  most  of  the  information 
concerning  the  project  is  highly  classi- 

fied, it  was  announced  that  the  contract 

calls  for  the  design  and  delivery  of  a 
reduced-scale  model  of  the  radar  to  the 
White  Sands  Missile  Range.  There  it 
will  undergo  extensive  tests  to  determine 
its  effectiveness  and  the  feasibility  of  its 
incorporation  into  the  Zeus  system. 

Presumably  the  advanced  radar 
would  replace  the  huge  transmitting  and 
receiving  antennas  of  the  current  Zeus 
Acquisition  Radar. 

o  Development  background — 
ZMAR  has  been  under  development  by 
the  Eastern  operation  of  Sylvania  Elec- 

tronic Systems  since  1959.  Specifically, 
the  technology  and  techniques  of  the 
phased-array  antenna  were  developed  as 
a  result  of  an  ARPA-sponsored  pro- 

gram called  CODIPHASE  (Coherent 
Digital  Phased  Array  System  ) . 



BEAM-FORMING  lines  for 
phased-array  radar  are  shown 
conditions.    Production  facilitit 

the  Sylvania  Electronics  Corp. 
being  checked  under  laboratory 
v  are  extensive  and  costly. 

Although  it  is  part  of  Project  De- 
fender for  research  into  ballistic  missile 

defense,  all  the  work  was  under  the 
technical  direction  of  the  Army  Rocket 
&  Guided  Missile  Agency — since  incor- 
oprated  into  the  Army  Ordnance  Mis- 

sile Command  at  Redstone  Arsenal, 
Ala. 

•  Characteristics  —  Although,  like 
the  reflector  antenna,  the  phased-array 
radar  determines  target  range  and  azi- 

muth by  measuring  the  time  delay  be- 
tween the  transmitted  and  received 

pulses  and  the  antenna  beam  angle,  it 
differs  in  that  the  antenna  beam  is 
formed  in  space  and  steered  electron- 
ically. 

In  conventional  radars,  the  RF 
energy  from  a  single  antenna  feed  is 
focused  into  a  beam  by  a  reflector  dish 
or  microwave  lens,  and  the  beam  posi- 

tion is  steered  in 
azimuth  and  eleva- 

tion by  mechanical 
movements  of  the 
antenna. 

This  ability  to 
electronically  scan 
a  radar  beam,  con- 

sequently, provides 
scanning  patterns 
and  scanning  rates 
much  higher  than 
those  that  can  be 
obtained  with  me- 

chanical devices. 

Another  advan- 
tage of  arrays  is 

that  due  to  the 
micro-second  steer- 

ing capability  a 
single  antenna 
beam  can  effec- 

several  targets.  A 
phased-array  antenna  can  also  form 
multiple  receiver  beams  and  simultane- 

ously steer  each  beam  separately.  Thus, 
the  radar  can  perform  concurrent  search 
and  tracking  functions. 

Since  the  array  is  made  up  of  mul- 
tiple antenna  elements,  extremely  high- 

power  RF  tubes  are  not  required. 
Rather,  the  transmitter  power  is  ob- 

tained by  summing  the  power  outputs 
of  all  the  elements  operating  in  parallel. 
Low-  or  medium-power  tubes,  there- 

fore, can  generate  greater  RF  power 
than  comparable  reflector-type  trans- mitters. 

One  of  the  chief  advantages  of  the 
array  antenna,  however,  is  that  it  can 
be  shaped  to  fit  the  needs  of  the  user. 

In  other  words,  the  "electronic"  shape 
need   not   conform   to   the  antenna's 

tivelv  time-share 

mechanical  shape.  This  is  particularly 
important  in  providing  rigidity  and 
"hardness"  to  the  system  to  protect  it 
against  the  blast — and  to  some  extent 
the  thermal — effects  of  a  nuclear  blast. 

•  Picking  a  target — In  a  simple 
array,  the  antenna  elements  are  spaced 
in  a  uniform  line  along  the  ground 
plane.  The  radiated  power  from  these 
elements,  therefore,  is  along  the  bore- 
sight  direction — perpendicular  to  the 
ground  plane.  By  introducing  a  con- 

stant phase  difference  between  adjacent 
elements,  the  direction  of  the  beam  can 
be  changed.  The  additive  energy  from 
the  antenna  elements  is  steered  to  any 
position  within  approximately  plus  or 
minus  45  degrees  from  boresight. 

The  reflected  wavefront  from  a 
target  off  boresight  will,  therefore,  ar- 

rive at  antenna  element  1  (see  below) 
first,  at  the  second  element  a  little  later, 
and  so  on. 

The  received  signals  are  out  of  phase 
with  one  another.  However,  by  intro- 

ducing proper  progressive  phase  delays 
into  each  elements  signal  channel,  the 
reflected  signals  can  be  brought  into 
phase  with  and  added  together  in  the 
beam-summing  network. 

Detection  is  improved  in  array  an- 
tennas because  of  their  superior  antenna 

aperture  control  which  in  turn  provides 
better  sidelobe  performance.  Unwanted 
jamming  or  false  signals  are  picked  up 
by  reflector  antennas  at  approximately 
25db  below  mainbeam  signals  while, 
in  the  array  receiver,  the  sidelobe  levels 
can  consistently  be  maintained  at  35db 
below  the  mainlobe. 

•  Drawbacks — The  principal  disad- 
vantage of  the  phased-array  antenna  in 
(Continued  on  page  42) 

BEAM  STEERING  is  accomplished  by  introducing  phased 
delays  into  adjacent  antenna  elements  located  linearly  along  the 
ground  plane  (left).   The  received  signal  is  delayed  until  all  the 

elements  have  picked  it  up,  and  then  is  added  in  the  summing 
network.  The  system  will  be  given  extensive  tests  at  White  Sands 
Missile  Range,  N.M. 
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NASA  Budget 

(Continued  from  page  17) 

phased  out  this  year,  and  is  earmarked 
for  only  $13.2  million  in  the  budget. 

Launch-vehicle  costs  for  the  manned 
(light  program  during  Fiscal  1963  are 
estimated  at  $747.9  million.  The  budget 
confirms  that  NASA  is  placing  most  of 
its  chips  on  orbital  rendezvous  for  the 
first  lunar-landing  flight.  The  advanced 
Saturn  launch  vehicle  development  pro- 

gram— which  would  be  used  in  ren- 
dezvous— has  been  ticketed  for  $335.1 

million.  The  Nova  liquid  vehicle  which 
will  be  used  for  direct  manned  flights 
to  the  moon  is  down  for  $163.5  million. 
Estimated  cost  of  the  Saturn  C-l  vehi- 

cle which  will  send  Apollo  on  earth- 
orbit  missions  is  set  in  the  budget  at 
$249  million. 

•  Space  applications  —  Budget  re- 
quests in  this  area  total  $136.5  mil- 

lion— $51.1  million  for  meteorological 
satellites  and  $85.3  million  for  the  vari- 

ous communication  satellite  programs 
which  are  under  way.  In  addition, 
development  of  advanced  satellites  will 
begin. 

The  U.S.  Weather  Bureau  has  re- 
quested a  budget  of  $45  million  for 

meteorological  satellites,  $28  million  of 
which  is  slated  for  reimbursement  to 
NASA  for  satellites  and  launch  vehicles. 

•  Unmanned  space  exploration — 
Total  budgeted  for  these  programs — in- 

cluding the  Orbiting  Astronomical  Ob- 
servatory (OAO),  Orbiting  Geophysical 

Observatory  (OGO),  Ranger,  Mariner, 
Voyager  and  Prospector — is  $543.7 
million.  Spacecraft  development  is  slated 
to  get  $467.8  million. 

•  Space  technology  —  This  is  the 
area  in  which  almost  all  of  NASA's 
in-house  R&D  effort  is  concentrated. 
Total  budget  is  set  at  $452  million — 
$107.2  million  for  spacecraft  and 
launch-vehicle  research  and  $344.8  mil- 

lion for  propulsion  and  space  power. 
Biggest  item  in  the  latter  is  liquid- 

propulsion  development,  budgeted  for 
$163.1  million.  This  includes  $55  mil- 

lion for  the  F-l  engine,  $39  million  for 
the  J-2  and  $55  million  for  the  new  M-l 
engine.  With  another  $26  million  for 
this  engine  in  the  supplemental  '62 
budget  request,  some  $81  million  is 
tagged  for  its  early  development. 

NASA's  solid  propulsion  develop- ment for  Nova  will  get  $7  million. 
Requested  funds  for  the  develop- 

ment of  the  new  plasma-jet  electric  en- 
gine and  other  electrical  power  devices 

totals  $30.6  million.  Space  power  tech- 
nology development,  which  includes 

Project  Sunflower,  is  estimated  to  cost 
$20.1  million. 

•  Nuclear  systems  technology — A 
total  budget  of  $315.7  million — a  tre- 

mendous jump  over  last  year — has  been 
requested  for  research,  development 
and  operations  in  the  nuclear  space 
systems  programs. 

NASA  is  asking  a  total  of  $122.9 
million.  This  includes  $36  million  for 
the  Nerva  nuclear  rocket  engine,  $26 
million  for  the  RIFT  (Reactor  in  Flight 
Test)  stage  which  will  house  the  engine 
during  its  test  flights,  $7  million  for 
SNAP,  $7.5  million  for  a  flight  vehicle 
for  SNAP,  and  $12.5  million  for  hydro- 

gen for  the  nuclear  program. 
The  AEC  is  asking  a  budget  of  $192 

million — including  $10  million  for  plant 
acquisition,  $90  million  for  the  Project 
Rover  nuclear  rocket  vehicle,  $81  mil- 

lion for  SNAP  development. 
Other  major  budget  items  in 

NASA's  R&D  and  Operations  programs 
are  $52.5  million  for  aircraft  and  mis- 

sile technology  and  $158.4  million  for 
tracking  and  data  acquisition. 

A  breakdown  of  the  $818.9  million 
in  new  construction  funds  which  NASA 
is  requesting  also  shows  the  predomi- 

nance of  spending  for  the  manned  lunar 
landing  program. 

Some  $635  million  will  be  spent  to 
build  new  facilities  for  the  manned 
space  flight  program. 

Launch  complexes  for  the  advanced 
Saturn  and  Nova  vehicles  will  use  up 
$359.9  million.  Construction  of  a  large 
flight  acceleration  facility  will  account 
for  most  of  the  $31  million  in  funds 
slated  to  go  to  the  new  Manned  Space- 

craft Center  in  Houston.  The  building 
will  contain  a  centrifuge  which  will  be 
able  to  swing  a  whole  Apollo. 

NASA's  Langley  Research  Center 
will  get  some  $8  million,  largely  for  a 
Lunar  Landing  Simulation  Facility.  X 

Tires  for  the  Moon 

RUBBER] ZED -fabric  doughnuts  are  pro- 
posed by  Goodyear  for  lunar  vehicle 

wheels  in  this  model.  Full  size:  16  ft.  dia.; 
125  lbs. 

Missile/ Space  Budget 

(Continued  from  page  13) 

the  Titan  III  space  booster  to  be  de- 
signed specifically  for  military  missions. 

For  the  first  time,  the  new  budget 
in  a  special  section  listed  the  space 
programs  of  all  Federal  agencies  as  a 
national  program.  Besides  DOD  and 
NASA,  space  appropriation  requests 
were  listed,  in  decreasing  amounts,  for 
the  Atomic  Energy  Commission,  the 
Weather  Bureau  and  the  National 
Science  Foundation. 

This  packaging  of  separate  pro- 
grams in  one  national  program  is  very 

much  in  line  with  the  policy  of  Vice 
President  Lyndon  Johnson,  chairman  of 
the  National  Space  Council,  and  Dr. 
Edward  Welsh,  the  council's  executive 
secretary.  It  is  particularly  indicative  of 
the  continuing  Administration  policy  of 
seeking  advances  in  military  space  tech- 

nology through  NASA's  greatly  expand- 
ing programs. •  Two-year  factor  of  three — As  a 

whole,  appropriation  requests  for  U.S. 
space  programs  have  more  than  tripled 
in  two  years.  In  FY  '61,  Congress  ap- 

propriated $1.7  billion  for  all  space 

programs.  The  final  figure  for  FY  '62, including  a  proposed  supplemental  for 
NASA  of  $156  million,  is  expected  to 
total  $3.1  billion — still  well  below  the 
new  total  for  FY  '63  of  $5.5  billion. 

The  bulk  of  this  money  has  been 
sought  since  Russia  successfully 
launched  the  first  manned  Vostok  into 
orbit  last  April.  The  details  of  the 
NASA  budget  strongly  reflected  this 
influence. 

Conservatively,  some  60  to  70%  of 
NASA's  new  money  requests — about 
$2.2  billion  to  $2.6  billion — are  being 
sought  for  projects  related  in  one  way 
or  another  to  the  Apollo  program. 

One  noteworthy  sidelight  in  the  new 
budgets  of  both  the  Defense  Depart- 

ment and  NASA  was  the  introduction 
of  several  new  elements  of  obfuscation 
along  with  a  revolutionary  new  system 
of  budget-making  in  the  Pentagon. 

NASA's  budget-making  adjustment 
lumps  together  for  the  first  time  funds 
sought  for  R&D  and  salaries  and  ex- 

penses— thereby  obscuring  considerably 
the  cost  of  in-house  operations. 

The  Defense  Department  completely 
reorganized  its  budget  on  the  basis  of 
"end  product".  In  doing  so,  the  military 
services'  budgets  were  submerged  to  the 
point  of  eliminating  total  requests  and 
many  details  for  each  service  in  the 
official  documents. 

Officials  denied  that  greater  unifica- 
tion by  budget  was  under  way,  or  that 

information  was  withheld  intentionally. 
As  one  spokesman  put  it: 

"It  didn't  fit  the  format."  8 
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The  Twins
'— 

STEPS  BEYOND  MARS 
THIS  IS  THE  THIRD  in  a  series  of 
articles  discussing  the  possibilities  for 
probes  and  manned  travel  to  the  other 
planets  of  our  solar  system.  Earlier 
articles  covered  Jupiter  (M  R,  Dec. 
4)  and  Saturn  (M/R,  Jan.  8). 

The  author,  Robert  L.  Forward, 
is  a  Hughes  Research  Laboratories 
physicist  pursuing  advanced  studies 
at  the  University  of  Maryland.  He  has 
published  numerous  papers. 

The  next  article  in  the  series  will 

examine  the  problems  involved  in  ex- 
ploring Pluto. 

by  Robert  L.  Forward 

BATHYSCAPHE  proposed  by  the  author 
for  use  in  exploring  Uranus  is  shown  in 
artist's  conception  moving  through  the 
planet's  ammonia-filled  atmosphere.  The 
float  would  contain  pure  hydrogen  and  he 
10-30  times  bigger  than  the  pressurized 
living  quarters  attached  beneath  it. 



Most  Hospitable of  Outer  Planets? 

MAJOR  PUZZLE  to  be  answered  with  regard  to  "twins"  is  why,  while  Neptune's 
equatorial  inclination  is  similar  to  other  planets',  Uranus's  is  about  98°. 

EXPLORATION  of  the  "twins"— 
Uranus  and  Neptune — poses  special 
problems  for  future  space  travelers. 

But  by  the  time  man  is  ready  to 
make  this  journey  to  the  outskirts  of 
the  solar  system,  perhaps  late  in  this 
century,  techniques  for  making  reliable 
low-weight/high-powered  energy  sources 
probably  will  have  reached  the  textbook 
stage.  Transit  times  will  be  reduced — 
even  over  billions  of  miles. 

•  The  Planetary  Twins  —  The  two 
pale  green  planets  beyond  Saturn  are 
practically  twins.  Although  they  are 
much  smaller  than  Jupiter  and  Saturn, 
they  are  still  in  the  class  of  gaseous 
giants.  Both  have  a  diameter  about  3.5 
times  that  of  earth. 

The  major  difference  is  their  mass. 

Neptune  has  17  times  the  earth's  mass; 
Uranus,  with  a  slightly  larger  diameter, 
is  only  14  times  heavier  than  earth. 

Their  composition  and  structure  is 

probably  very  similar  to  Jupiter's.  They 
have  hydrogen-helium-methane-ammo- 

nia atmospheres,  but  the  ammonia  is 
mostly  frozen  out  of  the  upper  strata 
due  to  the  lower  solar  heating  at  their 
great  distances.  Since  the  clouds  and 
belts  so  prominent  on  Jupiter  are  made 
of  ammonia  crystals,  there  is  little  to 
see  in  the  way  of  features  on  Uranus 
and  Neptune.  The  only  permanent 
feature  reported  is  a  faint  white  equa- 

torial belt  on  the  pale  green  globe  of 
Uranus. 

Both  Uranus  and  Neptune  rotate 
very  rapidly  and  hence  have  substantial 
polar  flattening.  Using  the  known  data, 
Wildt  developed  models  for  the  two 
planets;  since  they  are  almost  identical, 
only  one  is  reproduced  here  (see  p.  36). 
There  is  a  central  rocky  core  with  a 
radius  of  about  7000  miles,  a  6000- 
mile  ice  layer  and  an  atmosphere  be- 

tween 2000  and  3000  miles  deep. 
•  Triton — Like  Titan,  sixth  moon 

of  Saturn,  Triton,  the  inner  moon  of 
Neptune,  would  be  a  more  than  ade- 

quate substitute  for  the  planet  Mercury. 
No  atmosphere  has  yet  been  detected 
on  Triton,  but  its  surface  gravity  is 
even  higher  than  that  of  Titan.  Thus 
we  are  almost  positive  that  it  does  have 
a  substantial  methane  atmosphere. 

Triton  is  closer  to  Neptune  than 
Titan  is  to  Saturn,  but  Neptune  has  a 

smaller  mass.  Because  of  this,  Triton 
will  be  just  as  easy  to  get  on  and  off 
of  as  Titan — if  refueling  from  these 
planet-moons  proves  to  be  practical. 

•  Life  on  the  Outer  Planets  —  We 
are  fairly  positive  that  some  sort  of 
extraterrestrial  life  exists.  The  condi- 

tions on  Mars,  especially  —  although 
quite  rugged  by  earthly  standards — are 
not  sufficiently  different  from  those  on 
earth  to  rule  out  the  existence  of  some 
low  form  of  carbohydrate  life  similar 
to  terrestrial  lichens. 

There  is  very  strong  evidence  for 
such  vegetation  on  Mars;  for  instance, 
the  dark  areas  or  "seas"  can  regenerate 
their  color  after  being  buried  by  sand- 

storms, and  the  infrared  light  from  these 
same  "seas"  has  a  band  structure  usu- 

ally associated  with  organic  molecules. 
Life  on  the  outer  gaseous  planets, 

however,  is  not  so  easy  to  postulate. 
We  know  very  little  about  the  tempera- 

ture, pressure  or  composition  of  the 
inner  layers  of  their  atmospheres.  We 
can  only  say  that  if  life  does  exist  on 
Jupiter,  Saturn,  Uranus  or  Neptune,  it 
is  substantially  different  from  the  life 
forms  we  are  used  to. 

However,  the  fact  that  conditions 
are  widely  different  from  those  on  earth 
is  not  a  valid  reason  for  saying  that  life 
cannot  exist.  For  instance,  it  may  turn 
out  that  the  outer  planets  do  not  have 
a  solid  surface  under  the  atmosphere — 
that  the  atmosphere  merely  gets  denser 
as  the  pressure  increases  with  depth. 
But  high  pressures  and  the  lack  of  a 

solid  surface  are  no  barrier  to  the  pro- 
liferation of  deep  sea  fish  here  on  earth. 

Lack  of  oxygen,  and  the  existence 
of  poisonous  gases  such  as  methane  and 
ammonia,  are  likewise  no  barrier.  In 
fact  it  is  believed  that  the  atmosphere 
of  the  earth  was  high  in  these  com- 

pounds before  vegetation  changed  it  to 
its  present  oxygen-nitrogen  combination. 

•  Formation  of  life  from  elemental 
compounds  —  Since  methane  and  am- 

monia contain  the  important  elements 
for  carbon-based  life,  they  are  to  be 
considered  not  as  poisons,  but  as  the 
basic  building  blocks  of  life. 

Dr.  Carl  Sagan,  of  the  University 
of  California  Space  Science  Labora- 

tories, recently  duplicated  the  atmos- 
phere of  Jupiter  in  the  laboratory  and 

then  bombarded  it  with  ultraviolet  rays. 
Simple  organic  compounds,  the  pre- 

cursors of  life,  were  formed.  From  the 
production  rate,  Sagan  estimated  that 
on  Jupiter  these  molecules  form  at  the 
rate  of  10  lbs.  per  square  mile  per  year. 

Sagan  did  not  have  the  laboratory 
area  or  the  patience  of  a  planet.  He 
did  not  wait  for  that  inevitable  accident 
— when  those  organic  compounds  will 
fortuitously  arrange  themselves  into  the 
first  piece  of  prelife  capable  of  repro- 

ducing itself.  But  the  outer  planets  can 
wait,  and  somewhere  in  those  billions 
of  tons  of  organic  matter,  that  lucky 
accident  has,  is  or  will  happen. 

The  prelife  will  form  and,  since  such 
simple  molecules  can  reproduce  them- 

selves in  microseconds,  it  will  not  be 
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long  before  they  take  over  the  lower 
atmosphere.  When  there  are  enough  of 
them  so  that  there  is  competition  for 
food,  then  natural  selection — "survival 
of  the  fittest" — takes  over,  and  the  climb 
to  more  complex  organisms  is  inevit- able. 

•  Temperature — The  most  import- 
ant factor  in  a  planet  is  its  temperature 

structure.  If  the  temperature  is  low, 
solid  surfaces  can  exist  that  would  not 
be  possible  at  higher  temperatures. 
However,  higher  temperatures  are  more 
conducive  to  the  formation  of  life,  since 
the  activity  of  organic  molecules  in- 

creases with  temperature. 
Unfortunately,  we  can  see  only  the 

upper  layers  of  the  outer  planets.  Cal- culations of  heat  radiation  into  space 
and  heat  intake  from  the  sun  require 
measurements  not  easily  made  from  our 
own  absorbing  atmosphere.  The  sources 
of  internal  heat,  such  as  radioactive 
materials  and  chemical  processes,  which 
assume  a  major  importance  in  a  planet 
with  a  shielding  atmosphere,  are  im- 

possible to  calculate  with  the  meager 
knowledge  that  we  have. 

The  measured  temperature  for  the 
planets  are  given  in  the  table  below. 
Because  we  can  see  only  the  upper  lay- 

ers of  the  atmosphere,  the  temperatures 
are  quite  low.  But  this  is  not  indicative 
of  the  temperature  of  the  inner  layers. 

The  second  column  of  the  table 
gives  the  equilibrium  temperature  of  a 
completely  absorbing  sphere  at  the  same 
distance  from  the  sun.  This  is  the  high- 

est temperature  a  planet  can  obtain  as 
a  result  of  solar  radiation.  We  see  that 
the  four  gaseous  planets  are  hotter  than 
they  are  supposed  to  be.  This  is  a  posi- 

tive indication  of  internal  heating  and 
leads  one  to  expect  quite  reasonable 
temperatures  in  the  interior. 

•  Across  the  Solar  System — Many 
people  have  stated  that  we  will  never 
go  to  the  distant  planets  such  as  Uranus, 
Neptune  and  Pluto  because  the  round 

trip  would  take  a  man's  lifetime. Their  error  was  in  assuming  that  the 
journey  would  be  taken  at  a  velocity 
corresponding  to  the  escape  velocity 

WILDT'S  MODEL  indicates  composition 
of  both  Urantts  anil  Neptune. 

from  earth.  They  did  not  reckon  with 
the  ion  rocket  or  other  methods  of 
obtaining  long-duration  thrust.  We 
now  know  approximately  what  power 
sources  are  needed  to  make  the  jour- 

neys in  a  reasonable  length  of  time. 
Some  typical  figures  from  the  literature 
for  a  journey  from  earth  to  Neptune 
(or  Pluto  after  1969)  are: 

Earth  to  Neptune 
Initial  Total  Mass  (Tons)  1500  3000 
Payload  Mass  (Tons)  50  350 
Powerplant  Mass  (Tons)  250  250 
Specific  Power 

(kw/kg)  (mw/ton)  1  4 
Power  Output  (mw)  250  1000 
Transit  Time  (days)  680  540 

These  powerplants  are  a  little  beyond 
us  now,  both  in  total  power  and  in 
specific  power,  but  they  must  be  devel- 

oped if  we  are  going  to  go  any  farther 
than  Mars. 

Because  of  the  difficulty  of  lowering 
the  transit  time,  the  three  outer  planets 
should  be  visited  by  a  single  expedition. 
Toward  the  end  of  the  century  the  three 
planets  will  fortunately  all  lie  in  the 
same  direction  from  the  sun. 

•  Manned  exploration  of  Uranus 
and  Neptune — Despite  its  distance, 
Uranus  may  be  the  first  of  the  outer 
planets  to  be  explored  by  man.  This  is 
because  the  escape  velocity  is  only  22 

km/sec,  compared  to  37  km/sec.  for 
Saturn  and  61  km/sec.  for  Jupiter.  The 
surface  gravity  is  less  than  1  g  at  the 
top  of  the  atmosphere  and  only  1.5  g 
at  the  ice  layer  of  the  Wildt  model. 
Thus,  gravity  will  not  prevent  explora- 

tion of  the  solid  surface  of  Uranus  (if 
it  has  a  solid  surface). 

The  major  problem  for  designers  of 
vehicles  to  be  used  on  the  surface  of 
Uranus  is  the  high  pressure,  which  will 
be  in  the  hundreds  of  atmospheres.  But 
the  problem  of  scientific  investigation  ol 
hostile  environments  at  high  pressures 
has  already  been  solved  here  on  earth 
by  Jacques  Piccard. In  his  bathyscaphe,  Piccard  has 
descended  seven  miles  into  the  Chal- 

lenger Depth,  where  he  observed  fish 
living  at  a  pressure  of  16,000  lbs./sq. 
in. — over  1000  atmospheres.  This  is 
much  greater  than  the  pressures  ex- 

pected on  Uranus. 
Since  the  pressure  of  the  hydrogen- 

helium-methane  atmosphere  will  be 
quite  high,  the  density  of  the  atmos- 

phere will  also  be  high.  It  is  possible 
that  a  vehicle  similar  to  the  bathyscaphe 
could  be  used  for  exploration  of  Uranus. 

The  float  would  contain  pure  hydro- 
gen (no  danger  of  explosion  here)  and 

its  linear  dimensions  would  need  to  be 
only  10-30  times  larger  than  the  pres- 

surized living  quarters  in  order  to  lift  it. 
The  motive  power  would  come  from 

the  reaction  of  an  oxidyzer,  carried  in 
the  "fuel"  tanks,  with  the  hydrocarbons 
in  the  atmosphere.  If  propellers  were 
used,  they  would  have  to  be  designed 
to  operate  in  an  atmosphere  with  a 
density  midway  between  air  and  water. 
In  fact,  with  the  weak  sunlight  filtering 
down  through  the  green  atmosphere,  an 
undersea  explorer  would  feel  quite  at 
home  on  Uranus. 

The  real  problem  of  manned  explo- 
ration of  Uranus  is  not  in  the  conditions 

on  the  planet,  but  in  the  method  of 
getting  the  men  and  equipment  onto 
the  planet  and  off  again  when  the  home 
base  is  billions  of  miles  away. 

If  the  outer  planets  do  not  have  a 
(Continued  on  page  45) 

The  Tale  of  the  Temperatures 
Solar  Heating 

Lowest  Visible Measured 
Equilibrium Surface Temperature Temperature  (°K) 

MERCURY solid 613 633 
VENUS cloud 370 330 
EARTH solid 295 280 
MARS solid 260 230 

JUPITER cloud 143 122 
SATURN cloud 120 

90 

URANUS cloud 
115  (?) 

64 NEPTUNE cloud 108 51 

PLUTO (?) 
(?) 44 

Uranus,  Neptune  and  Triton  Statistics 
URANUS 

NEPTUNE TRITON 

Orbital  Radius  (km) 

2.87  x  10' 
4.50  x  10' 

3.5  x  105 

Period  (days) 
30,687 

60,184 5.88 Rotation  (days) 
.45 .65 

5.88 Radius  (km) 
23,800 

22,300 
2,000 

Mass  (kg) 

8.7  x  10" 
10  x  10" 1.5  x  10" 

Density  (gm/cm!) 
1.56 

2.27 
4.5 

Surface  Gravity  (cm/sec!) 940 
1500 

250 Escape  Velocity  (km/sec) 22 25 3  +  6 
Orbital  Velocity  (km/sec) 16 18 2 
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industry 

Boeing  To  Seek  Review 
Of  Excess  Profits  Ruling 

THE  BOEING  CO.  will  ask  for  a 
review  of  a  ruling  that  it  had  excess 
profits  of  S13  million  in  renegotiable 
government  business  during  1952. 

The  request  for  a  review  before  the 
full  16-judge  U.S.  Tax  Court  follows  a 
ruling  two  weeks  ago  by  Judge  Graydon 

G.  Withey,  ending  the  company's  excess- profits  case  dating  back  to  Dec.  5,  1955. 
Boeing  President  William  M.  Allen 

said:  "Not  withstanding  Judge  Withey 's 
ruling,  Boeing's  renegotiable  profits  in 1952  and  later  years  were  reasonable 

and  not  excessive.  Judge  Withey's  ruling was  inconsistent  with  objectives  of  Con- 
gress in  enacting  renegotiation  and  dem- 

onstrated a  complete  misunderstanding 
of  the  basic  issues  upon  which  the  de- 

cision of  the  case  depended  .  .  ." 
In  the  1955  decision,  the  Renegotia- 

tion Board  issued  a  unilateral  order 
determining  that  Boeing  in  1952  real- 

ized excessive  profits  of  $9.9  million  on 
renegotiable  business  with  the  Air 
Force.  After  additional  evidence  was 
presented  to  the  Tax  Court  by  both 
Boeing  and  the  Board,  the  latter  upped 
its  claim  of  excessive  profits  to  $20 
million.  The  Tax  Court  then  set  the 
excess  profit  figure  of  $13  million. 

In  reaching  the  decision,  the  Tax 
Court  ruled  that:  (1)  expenditures  by 
Boeing  for  certain  advertising  and  other 
overhead  expense  is  not  allocable  to  its 
renegotiable  business  in  1952;  and  (2) 
cost  of  work  performed  with  respect 
to  the  design,  development  and  con- 

struction of  the  707  prototype  not  in 
pursuance  of  any  contract  with  the  gov- 

ernment is  not  allocable  to  renegotiable 
business  in  1952. 

The  court  said  that  even  in  light  of 

the  company's  overall  efficiency  in  per- formance of  government  contracts  the 
"use  of  largely  government-furnished facilities  and  the  use  of  those  rates  in 
incentive  contracts  under  which  by  far 
its  greatest  profits  were  collected  consti- 

tutes unconscionable  exploitation  of  the 
United  States  in  its  procurement  of  mili- 

tary necessities." 

JPL  Reorganizes  Its 
Contracting,  Procurement 

CALTECH'S  Jet  Propulsion  Labo- 
ratory has  reorganized  its  procurement 

and  Contracts  division  into  four  new 
sections — a  move  expected  to  increase 
the  number  of  firms  with  which  the  lab 
does  business. 

One  result  of  the  reorganization  will 

be  an  ambitious  undertaking — a  plan  to 
provide  JPL  eventually  with  a  "capa- 

bilities file"  listing  every  firm  in  the 
U.S.,  large  and  small,  that  could  pos- 

sibly assist  in  the  lab's  program. 
This  will  be  the  job  of  the  new  Indus- 

trial Evaluation  and  Assistance  section, 
charged  with  tracking  down,  surveying 
and  rating  potential  contractors  accord- 

ing to  capabilities,  performance,  quality 
control,  management,  financial  condi- 

tion, facilities  and  personnel.  The  new- 
section,  headed  by  Gordon  R.  Law- 

rence, also  will  assist  firms  in  making 
presentations  to  JPL. 

Other  new  sections  and  their  man- 
agers are:  Fabrication  Facilities  Pro- 

curement, David  G.  Malcomson;  Sup- 
ply Procurement.  Ronald  R.  Nickbarg; 

Research  and  Development  Procure- 
ment, Donn  W.  Anawalt. 

Largest  of  the  sections  is  R&D  Pro- 
curement, which  will  deal  with  procure- 

ment of  goods  and  services  to  support 
the  industrial  needs  of  the  lab's  eight technical  divisions.  The  section  will  be 
comprised  of  four  groups,  Space  Sci- 

ences, Telecommunications,  Guidance 
and  Control,  and  a  group  to  service  the 
needs  of  the  Systems,  Engineering  Me- 

chanics, Physical  Sciences,  Engineering 
Facilities,  and  Propulsion  divisions. 

The  reorganization  makes  it  possible 
for  each  new  section  to  fill  lab  needs  by 
issuing  either  a  purchase  order  or  a 
contract.  Formerly,  there  were  two  sec- 

tions— one  handling  purchase  orders, 
the  other  contracts. 

MOTOROLA  INC.  has  formed  a 
Solid  State  Systems  Division  at  Phoenix. 
Under  Dr.  H.  William  Welch,  Jr.,  the 
division   will    apply    integrated  solid- 

state  technology  to  development  of  elec- 
tronic materials,  devices  and  equipment 

for  use  in  communications,  microwave 
and  industrial  control  systems.  It  will 
be  divided  into  three  departments:  Con- 

trols, Electronics  and  Research. 

ITEK  CORP's  Vidya.  Inc.  and  Palo 
Alto  Itek  divisions  have  begun  a  major 
expansion  of  administration  and  labo- 

ratory facilities  in  Palo  Alto,  Calif. 
Ground  was  broken  last  week  for  three 
buildings:  a  15,000-sq.-ft.  research  unit, 
a  12,000-sq.-ft.  administrative  building 
and  a  27,000-sq.-ft.  shop  and  lab.  Oc- 

cupancy is  scheduled  for  mid-year. 
Vidya  specializes  in  research  related 

to  Aerospace  problems  in  such  areas  as 
hypersonic  flight  and  high-temperature 

physics. Itek  is  also  building  a  58,000-sq.-ft. 
building  in  Burlington,  Mass.,  for  its 
Electro-Products  Division. 

BOEING'S  Aero-Space  Division  is 
forming  two  new  branches  as  part  of  a 
management  reorganization.  Both 
branches  will  be  given  functional  and 
staff  organizations  to  provide  a  high 
degree  of  self-sufficiency. 

The  division's  Saturn  program, 
under  George  Stoner,  will  become  the 
nucleus  of  a  new  Saturn  Booster 
Branch.  Separate  functional  organiza- 

tions such  as  engineering,  manufactur- 
ing, and  materiel  will  be  formed  almost immediately. 

A  Space  Systems  Branch  is  to  en- 
compass the  division's  Dyna-Soar  effort 

and  other  present  or  projected  space 
vehicle  programs  of  an  "orbital  and 
beyond"  nature.  It  will  be  headed  by 
George  Snyder,  former  division  director 
of  engineering. 

Financial  Reports 
COMPANY PERIOD INCOME EARNINGS 

1961 
1960 1961 

1960 
Associated  Testing 

labs. 6  Mo.  Nov.  30 $  1,229,487 $  831,560 $  97,710 
$  88,048 Elgin  Nat.  Watch  Co. 40  Wks.  Dec.  3 31,402,588 26,526,009 1,245,006 717,023 

Electro  Instruments, 
Inc. 6  Mo.  Nov.  30 

4,796,731 3,957,657 199,484 

-222,665 

Electronic  Communi- 
cations, Inc. Year,  Sept.  30 

22,280,994 
23,957,815 306,153 

-557,707 

Hewlett-Packard  Co. Year,  Oct.  31 85,590,239 76,809,369 5,873,872 4,991,739 
IBM Year,  Dec.  31 1,694,295,547 1,436,053,085 207,227,597 168,180,880 
Infrared  Ind.,  Inc. 6  Mo.  Oct.  31 

2,760,200 
806,060 62,774 56,276 Int.  Electronic 

Research  Corp. Year,  Sept.  30 6,289,729 5,239,834 
452,571 346,507 

Radiation  Inc. 16  Wks.  Dec.  15 
7,344,600 8,954,100 

132,600 245,000 

Ryan  Aeronautical Co. 
Year,  Oct.  31 89,448,172 122,711,095 3,304,645 2,894,055 
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products  and  processes 

New  Product  of  the  Week: 

Vacuum  Chamber  Balance  Stand 

A  vacuum-chamber  balancing  stand 
that  detects  and  measures  vibrations  in 
electronic  and  space-age  components  has 
been  developed  by  the  International 
Research  and  Development  Corp. 

The  vacuum  chamber  avoids  air 
turbulence  that  previously  handicapped 
fine  balancing  where  high  speeds  are 
involved  and  duplicates  the  environmen- 

tal conditions  of  outer  space. 
In  one  typical  application,  a  high- 

speed induction  pump  was  balanced  to 
0.008  oz-ins.  at  20,000  rpm.  The  field- 
tested  model  will  accommodate  work- 
pieces  ranging  from  2  to  100  lbs., 
between  3  and  30  in.  in  length,  diameters 
up  to  11  in.  and  rotating  speeds  from 
600  to  75,000  rpm.  Slight  modifications 
would  enlarge  these  ranges. 

Special  models  can  be  designed  to 
cover  a  wide  range  of  rotors  of  many 
configurations,  sizes  and  weights. 

Circle  No.  225  on  Subscriber  Service  Card 

PistoLaser 

Kollsman  Instrument  Corp.  has  in- 
troduced four  models  of  a  commercially 

available  portable  optical  laser.  Called 
PistoLaser,  because  of  a  double  pistol- 
grip  operator  handle,  the  device  emits 
high-intensity  coherent  narrow-beam 
light  pulses  potentially  useful  for  space 
communications  research,  medical  stud- 

ies, and  other  applications. 
Circle  No.  226  on  Subscriber  Service  Card 

Servo  Motor  Generator 

A  size  11  servo  motor  generator  in 
a  one-piece  housing  providing  a  com- 

pact, rugged  construction  for  consistent 
performance  under  extreme  operating 
conditions  is  available  from  the  Instru- 

ment Division  of  Thomas  A.  Edison 
Industries,  McGraw-Edison. 

Available  with  or  without  gear 
heads,  the  motor  generators  are  de- 

signed to  meet  and  exceed  the  require- 
ments of  MIL-S-17806,  MIL-S-17807 

and  MIL-E-5272B.  Operation  of  the 
motor  may  be  on  either  400  cps  or  60 
cps  and  a  number  of  control  phase 
voltages  are  available. 

Circle  No.  227  on  Subscriber  Service  Card 

Two  Color  Storage  Tube 
A  two-color  direct-viewing  display 

storage  tube  is  available  from  Hughes 
Aircraft  Company's  Vacuum  Tube 
Products  Division.  The  tube  is  capable 
of  displaying  and  retaining  information 
in  either  of  two  colors,  or  in  several 
distinctive  hues  resulting  from  a  mixture 
of  the  two  basic  colors.  Construction  of 
the  new  tube  is  similar  to  Hughes  Tono- 
tron  storage  tubes. 

Application  of  the  new  tube  is  said 
to  be  practical  in  virtually  any  system 
requiring  clear  display  of  processed 
data.  Air  traffic  control  and  sonar  dis- 

plays are  typical  examples.  By  substi- 
tuting several  distinctive  colors  for  a 

continuous  monochromatic  range  as  in 
conventional  half-tone  tubes,  users  may 
achieve  color-coding  of  information. 
Using  color,  variables  in  a  display  may 
be  readily  distinguished  qualitatively 
and  even  semi-quantitatively. 

Circle  No.  228  on  Subscriber  Service  Card 

Magnetic 
Recorder/Reproducer 

A  magnetic  recorder/ reproducer  with 
extremely  precise  time-displacement  ac- 

curacy is  available  from  the  Westrex 
Recording  Equipment  Division  of  Litton 
Systems,  Inc. 

The  RA-1681A  has  proven  its  capa- 
bility of  playing  back  9.6  minutes  of 

recordings  at  14.4  inches  per  second 
with  a  time  displacement  of  less  than 
2.4  microseconds.  Over  this  9.6-minute 
period,  the  time  required  to  reproduce 
a  standard  weather  chart  with  facsimile 

equipment,  691.2  feet  of  data  are  re- 
corded with  only  a  20-mil  difference  in 

length  between  recording  and  playback, 
or  about  one  mil  in  35  feet. 

Circle  No.  229  on  Subscriber  Service  Card 

Coaxial  Plug 

Cannon  Electric  Co.,  is  marketing  a 
lightweight  aluminum  coaxial  plug  for 
use  with  RG-209/U  cables,  and  em- 

bodies the  highest  level  of  performance 

yet  achieved  in  RF  coaxial  plugs.  The 
plug  is  capable  of  continuous  opera- tion at  1000  watts  CW  over  a  range 
of  0.035-5.0  kilomegacycles  at  sea  level 
or  up  to  an  altitude  of  70,000  feet. 

It  remains  sealed  even  while  un- 
mated,  and  the  center  contact  is  capable 
of  withstanding  an  axial  pull  of  150 
pounds.  Also,  the  ALLT  will  resist  170 
hours  of  salt  spray;  10  cycles  or  240 
hours  of  humidity  and  elevated  tempera- 

tures; 12  hours  of  sand  and  dust;  and  6 
cycles  of  thermocycling  in  a  temperature 

range  of  -55°C  to  95°C. Circle  No.  230  on  Subscriber  Service  Card 

D-C  Integrating  Servo 

Kearfott  Division,  General  Preci- 
sion, Inc.,  is  producing  the  CZ01714002 

d-c  integrating  servo  which  provides  an 
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accurate  integration  of  d-c  input  voltage 
with  respect  to  time  as  a  function  of 
shaft  angle  displacement.  The  integral- 
plus-proportional  combination  amplifier 
provides  infinite  gain,  causing  essentially 
no  variation  in  output  speed  because  of 
change  in  load,  frequency,  and  line 
voltage.  The  command  signal  is  isolated, 
and  command  signal  loading  is  less  than 
30  microamperes. 

Circle  No.  231  on  Subscriber  Service  Card 

Hot-Molded  Potentiometer 

A  complete  line  of  Vz  -in. -diameter, 
Vi-watt,  hot-molded  carbon  variable 
resistors  are  now  available  from  Cen- 
tralab,  The  Electronics  Division  of 
Globe-Union,  Inc.  The  unit  meets  all 
of  the  environmental  and  test  require- 

ments of  MIL-R-94B  (Style  RV6). 
The  Model  P  unit  has  hot-molded 

resistor  track  molded  into  its  insulating 
base.  It  is  available  in  a  wide  range  of 
resistances,  from  100  ohms  to  5  meg- 

ohms, linear  taper  and  500  ohms  to  2.5 
megohms,  log  taper.  Most  values  are 
stocked  by  Centralab  Industrial  Distrib- 

utors for  immediate  delivery  at  prices 
ranging  from  $3.20  to  $4.32  each,  de- 

pending upon  quantity. 
Circle  No.  232  on  Subscriber  Service  Card 

Adjustable  Limit  Stop 
For  reversing  servo  and  syncro 

components  at  a  foreordained  position, 
a  miniature  electrical  adjustable  limit 
stop  is  being  supplied  by  Sterling  In- 

strument. The  assembly  also  prevents 
damage  to  syncros  incurred  by  excessive 
shock.  Its  characteristics  include  a  cam 
assembly,  a  single-pole  double-throw 
switch,  and  bearing  hangers,  complete 
with  bearings  and  shaft.  The  cams  are 
adjustable  to  actuate  the  switch  at  any 
angular  switching  limit,  between  0.0° 
and  1 80°  of  shaft  rotation. 

Circle  No.  233  on  Subscriber  Service  Card 

Hydraulic  System  Checkout 
A  portable  testing  instrument  for 

quickly  and  accurately  locating  the 
source  of  trouble  in  a  malfunctioning 

hydraulic  system  is  being  manufactured 
by  the  Owatonna  Tool  Co.  The  Flo- 
Rater  is  designed  for  testing  hydraulic 
systems  which  deliver  up  to  30  gpm 
and  300  psi.  It  eliminates  all  guess- 

work in  trouble-shooting  hydraulic  sys- 
tems by  measuring  flow  at  various 

pressures  in  any  part  of  the  system,  and 
indicates  quickly  and  accurately  whether 
or  not  a  component  is  functioning 
properly. Circle  No.  234  on  Subscriber  Service  Card 

Integral  Motor  Clutch 
A  compact,  unitized  motor  clutch 

assembly  is  available  from  Precision 
Specialties,  Inc.  A  spring-type  clutch 
and  solenoid  operated  actuator  assem- 

bly are  mounted  integral  with  the  shaft 
and  frame  respectively. 

Start-stop,  single  revolution,  or  frac- 
tional revolutional  clutches  are  available 

to  provide  a  variety  of  control  and  in- 
dexing functions.  A  flexible  coupling 

mounted  on  the  clutch  output  hub 
allows  some  misalignment  between  the 
motor  clutch  assembly  and  driven 
member. 

Circle  No.  235  on  Subscriber  Service  Cord 

Soft-Tube  Modulators 

Two  standard  soft-tube  modulators 
with  peak  output  powers  up  to  1.1 
Megawatts  are  available  from  the  Narda 
Microwave  Corp. 

The  model   11020  provides  peak 

pulse  power  outputs  up  to  a  maximum 
of  -18  KV  at  20  A,  while  the  model 
11040  provides  a  maximum  of  —33 KV  at  33  A.  Both  models  are  furnished 
with  three  standard  pulse  widths  of  0.5, 
1.0  and  2.5  microseconds,  and  the  pulse 
width  desired  is  easily  selected  by  means 
of  a  simple  front  panel  switch.  The 
pulse  repetition  rate  is  continuously 
variable  from  200  to  2000  pulses  per 
second. 

Circle  No.  236  on  Subscriber  Service  Card 

Variable  Delay  Lines 

Andersen  Laboratories,  Inc.,  has 
available  a  series  of  step-variable-delay 
lines  which  feature  high-delay  to  rise- 
time  ratios,  wide  impedance  range,  good 
pulse  fidelity,  low  attenuation  and  highly 
reliable  operation.  Up  to  72  steps,  with 
or  without  indexing,  are  available  with 
a  single  adjustment  shaft.  Digital  opera- 

tion is  possible  using  an  eleven-position 
switch  for  each  digit  required.  These 
delay  lines  are  sealed  in  metal  cases, 
with  a  suitable  mounting  and  terminals 

provided. Circle  No.  237  on  Subscriber  Service  Card 

Intensity  Scanner 

A  laboratory  microphotometer  for 
measuring  intensity  distribution  in  opti- 

cal images,  and  other  applications,  is 
available  from  Intectron,  Inc.  The  unit 
is  essentially  a  low  power  traveling 
microscope  designed  to  be  used  with 
photomultiplier  photometers.  The  VS  12 
was  developed  for  scanning  and  meas- 

uring the  intensity  distribution  in  optical 
images.  However,  it  can  also  be  used 
wherever  accurate  photometric  measure- 

ments of  small  objects — whether  or  not 
self-luminous — are  required. 

Circle  No.  238  on  Subscriber  Service  Card 

new  literature 

PYRON  BURNOFF  SYSTEM— Avien, 
Inc.,  has  published  a  brochure  describ- 

ing a  Pyron  Burnoff  System,  initially 
developed  by  the  company  for  use  on 
liquid-fueled  ICBM  missiles,  but  with 
applicability  to  other  missile  programs 
as  well.  The  Pyron  System  is  designed 
to  dispose  of  large  quantities  of  toxic 
propellants,  such  as  aerozene  50  and 
nitrogen  tetroxide,  in  either  vapor  or 
liquid  form. Circle  No.  200  on  Subscriber  Service  Card 

INDUSTRIAL  PROCESS  INSTRU- 
MENTS— A  condensed  catalog  is  avail- 

able from  Minneapolis-Honneywell.  The 
G-la  describes  ElectroniK  instruments, 
ElectriK  and  Pneumatic  Tel-O-Set 
lines,  Millivoltmeters,  Primary  Sensors, 
Filled-System  Thermometers,  Pressure 
Gauges  and  Transmitters,   Flow  and  I 
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Liquid-Level  Meters,  Duro-O-Pulse 
Telemetering  Systems,  Special  Purpose 
Instruments,  Computers  and  Data 
Handling  Systems,  Basic  Industrial  Con- 

trols, and  Control  Valves.  Included  are 
48  pages  of  information  on  Honeywell 
instruments  and  systems  for  measuring, 
recording  and  controlling  industrial  pro- 
cesses. 

Circle  No.  201  on  Subscriber  Service  Card 

POWER  TUBES— A  booklet  on  vac- 
uum power  tubes,  rectifier  tubes,  thyra- 

trons,  and  ignitrons,  featuring  novel 
quick-selection  charts  for  equipment 
designers,  is  available  from  RCA.  The 
booklet  also  covers  informative  descrip- 

tions of  tube  design,  including  important 
thermal  considerations  and  the  Cermo- 
lox  construction.  The  data  section  pro- 

vides information  on  over  200  different 
transmitting,  industrial,  and  special-pur- 

pose power  tubes.  Price  $0.75. 
Circle  No.  202  on  Subscriber  Service  Card 

WIRE  AND  CABLE— Hitemp  Wires 
Co.,  has  published  a  catalog  containing 
synopses  of  government  wire  speci- 

fications, government  and  commercial 
specifications,  new  product  highlights, 
easy-reference  tabulations  on  applicable 
military  specifications,  U.L.  listings  and 
ratings,  physical  dimensions,  and  dielec- 

tric strength  and  temperature  ratings  for 
the  company's  magnet  wire. Orel*  No.  203  on  Subscriber  Service  Card 

MICROWAVE  CATALOG  — A  32- 
page  brochure  of  microwave  instru- 

mentation is  available  from  Hewlett- 
Packard  Co.  The  book  deals  only  with 
the  generation,  transmission  and  meas- 

urement of  microwave  phenomena. 
Contents  have  been  arranged  by  fre- 

quency range  instead  of  model  number. 
Circle  No.  204  on  Subscriber  Service  Card 

VARACTOR  GENERATORS— A  12- 
page  booklet,  is  available  on  request 
from  the  Waveguide  Systems  Division 
of  Microwave  Associates,  the  booklet 
discusses  in  detail  both  circuits  and  de- 

vices which  use  varactor  diodes  for  fre- 
quency multiplication.  It  includes 

specific  examples  of  recent  accomplish- 
ments at  the  firm. 

Circle  No.  205  on  Subscriber  Service  Card 

INSTRUMENTATION  —  A  brochure 
from  C.  L.  Berger  and  Sons,  Inc.,  cov- 

ers the  firm's  capabilities  in  precisely- graduated  dials  and  verniers  with  arcs 
and  segments  accurate  to  one  second  of 
arc,  tapered  spindles  accurate  to  .00005- 
in.,  for  rotating  mechanisms,  precision 
level-vial  assemblies  with  sensitivities 
ranging  from  one  second  of  arc  per  two 
mm.  division,  to  30  minutes  and  align- 

ment and  other  optical-mechanical  in- 
strumentation devices  of  high  precision. 

Circle  No.  206  on  Subscriber  Service  Card 

What  is  your  program  for  professional  growth? 

To  the  programmer  in  IBM's  Systems  Development  Department,  total 
systems  development  offers  unique  opportunities  to  grow  with  the  pro- 

gramming field.  Systems  Programmers  participate  in  the  development  of 
new  techniques  and  explore  new  applications  of  information  processing. 
They  have  opportunities  to  progress  into  broader  areas  of  analysis  and 
design  required  to  provide  advanced  systems  for  challenging  new  projects. 

IBM's  Systems  Development  Department  is  in  the  forefront  of  the  develop- 
ment of  new  systems  for  government  applications  in  military,  civil  agency 

and  space  programs.  In  the  field  of  programming,  this  advanced  profes- 
sional staff  has  excellent  assignments  open  in: 

Analysis  of  Systems  Programming  Requirements 
Programming  Techniques  Development 
Real-Time  Operational  Programming 
Simulation  Programming  and  Evaluation 

Among  the  immediate  programming  assignments  are  such  tasks  as: 
Data  Reduction  Numerical  Analysis 
Decision  Programming       Problem-Oriented  Language  Processors 

Sound  Recognition 
Trajectory  Prediction 
Other  Related  Projects 

These  are  opportunities  for  both  personal  and  professional  growth.  In 
addition  to  educational  and  benefit  programs,  IBM  salaries  are  com- 

mensurate with  ability  and  merit.  Relocation  expenses  are  paid.  Locations 
are  in  Washington,  D.  C,  and  Omaha,  Nebraska. 
The  qualifications  desired  are  dependent  on  assignment  and  range  from 

one  to  two  or  more  years'  experience  in  programming  large-scale  computer 
systems.  IBM  is  an  Equal  Opportunity  Employer.  Qualified  applicants  are 
invited  to  send  resumes  to:  John  V.  Croker,  Dept.  604 — N4,  IBM  Sys- 

tems Development  Dept.,  7220  Wisconsin  Ave.,  Bethesda  14,  Md. 

Information  Retrieval 
Logistic  Simulation 
Message  Switching 

IBM 
INTERNATIONAL  BUSINESS  MACHINES  CORPORATION 

In  addition  to  Washington.  D.C..  and  Omaha,  Nebraska,  programming  facilities  are  located 
in  San  Jose,  California;  Lexington,  Kentucky;  Rochester,  Minnesota;  and  New  York  City, 
Endicott,  Kingston,  Owego.  Poughkeepsie  and  Yorktown  Heights,  N.  Y. 

missiles  and  rockets,  January  22,  1962 Circle  No.  8  on  Subscriber  Service  Card 



contracts 

AIR  FORCE 

$34,037,083 — North  American  Aviation  Inc.. 
Downey,  Calif.,  for  production  of  Minute- man  guidance  and  control  systems,  and 
for  modification  of  Hound  Dog  missiles 
(two  supplemental  contracts) . 

$33,464,000 — Thiokol  Chemical  Corp.,  New 
York  City,  for  continued  research  and 
development  of  first-stage  Minuteman 
engines  through  flight  and  qualification 
tests. 

$31,372,847 — North  American  Aviation,  Los 
Angeles,  for  GAM-77A  missiles,  and  for 
spare  parts  for  Minuteman  guidance  and 
control  systems  (two  contracts). 

$9,709,077  —  North  American  Aviation, 
Downey,  Calif.,  for  research  and  develop- ment of  guidance  and  control  of  the 
Minuteman  missile,  and  for  overhaul  and 
repair  of  Hound  Dog  missile  components 
(two  contracts) . 

$6,250,000 — Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  for  Agena  space  vehicles. 

$5,753.055 — Avco  Corp.,  Wilmington,  Mass., for  development  of  Titan  1  and  Atlas 
ICBM  missile  re-entry  vehicles. 

$5.000.000 — General  Electric  Co.,  Flight  Pro- 
pulsion Division,  Cincinnati,  supple- mental agreement  No.  1  to  contract  AF 

33-657-7514. 
$4.200,000 — General  Dynamics  Corp.,  Roches- 

ter, N.T.,  for  communications  system  en- 
gineering, development,  management  of 

installation  and  production  of  eauipment 
for  Titan  missiles  sites. 

$4,111.971— Avco  Corp.,  Wilmington,  Mass., 
for  research  and  development  for  ad- 

vanced ICBM  weapon  systems  penetration 
aids,  and  production  of  Titan  re-entry vehicles. 

$3,300.000 — General  Electric  Co.,  Syracuse,  for 
development  and  production  of  an  early 
warning  system  for  air-breathing  missiles. 

$3.015.000 — Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  for  GAR-11  Falcon  missiles,  spare 
parts  and  related  data. 

$2,898,189  —  American  Bosch  Anna  Corp., 
Garden  City,  L.I.,  N.Y.,  for  fabrication  of 
Atlas  missile  guidance  sets  and  related items. 

$2,500,000—  Page,  River  and  Curran,  Rapid City,  N.D.,  for  installation  and  lnterslte 
control  cable  for  Minuteman  missiles. 

$2,252.000 — The  Boeing  Co.,  Seattle,  supple- 
mental contract  for  assembly  and  check- 

out for  the  Minuteman  ICBM,  work  to  be 
at  Malmstrom  AFB,  Mont. 

$1,545,000 — Burroughs  Corp.,  Radnor,  Pa.,  for 
installation  and  support  of  electronics 
equipment  for  the  SAGE  program. 

$1.515.000 — Boeing  Co.,  Seattle,  for  assembly and  checkout  of  Minuteman  missiles. 
$1,400,000  —  Radio  Corporation  of  America, Moorestown,  N.J.,  for  work  on  the  Bal- 

listic Missile  Early  Warning  System. 
$1,200,000  —  Aeronca  Manufacturing  Corp., Middletown,  Ohio,  for  development  of 

fabrication  techniques  and  design  proce- 
dures for  Insulated  sheet  beryllium-cera- 

mic composite  structure  for  re-entry  and space  vehicle  constuction. 
$1,000,000  —  Chrysler  Corp.,  Detroit,  supple- 

mental contract  for  re-entry  vehicle studies. 
$944,550 — General  Precision,  Inc.,  Link  Divi- 

sion, Binghamton,  N.Y..  for  flight  simula- 
tors, spare  parts,  aerospace  ground  equip- ment, data,  descriptive  Identification  and 

maintainability  requirements. 
$549.158 — Avco-Everett  Research  Laboratory, 

Everett,  Mass.,  for  studies  of  magneto- 
hydrodynamlc  principles,  and  for  inves- 

tigations of  Ionized  gases  at  elevated  tem- 
peratures. 

$371,067— Electro-Optical  Systems,  Inc.,  Pasa- 
dena, Calif.,  for  additional  laboratory 

testing  equipment  In  support  of  the  ion 
engine  program. 

$224.222 — Applied  Research  Inc.,  Port  Wash- 
ington, N.Y.,  for  production  of  a  series  of 

standard  applied-research  broadband  ra- dio-frequency amplifiers. 
$152,697— Lockheed  Aircraft  Corp.,  Burbank, 

Calif  .,  supplemental  contract  for  ejectable 
nose  capsule  program. 

ARMY 
$13,682,016  —  Bowen-McLaughlin-York,  Inc., 

York,  Pa.,  for  recovery  vehicle,  full- tracked,  with  repair  parts. 
$885,000 — Elling  Halvorson  Co.,  Seattle,  for 

construction  of  strategic  missile  support 
area  facilities,  Ellsworth  AFB,  S.D. 

$598,503  —  Martin  Construction  Co.,  Cocoa 
Beach,  Fla.,  for  construction  of  G.M.  sup- 

port structures,  Cape  Canaveral  Missile 
Test  Annex,  Air  Force  Missile  Test  Center, 
Patrick  AFB,  Fla. 

$378,563  —  Western  Electric  Co.,  Inc.,  New 
York  City  for  Nike-Hercules  repair  parts 
for  fault-locating  indicator. 

INDUSTRY 
$2.400,000 — From  Martin  Marietta  to  General 

Precision,  Inc.,  Kearfott  Division,  Little 
Falls,  N.J.,  for  a  follow-on  quantity  of 
hydraulic  systems  for  the  Pershing  mis- sile. 

$1.087,649 — From  Aetron-Covina  Plant,  a  divi- 
sion of  Aerojet-General  Corp.,  to  Systems Division   of  Beckman  Instruments,  Inc., 

for  two  data-acquisition  systems  for  use 
in  the  Saturn  space  vehicle  program. 

$500,000 — From  Martin  Marietta  Corp.  to  Ets- Uokin  and  Galvan,  Inc.,  for  installation 
of  electrical,  electromechanical  and  me- 

chanical systems  for  the  activation  of 
Titan  II  training  sites  at  Vandenberg 
AFB 

NASA 
$6.000,000 — Vitro  Engineering  Co.,  a  division of  Vitro  Corp.  of  America,  New  York  City, 

for  a  nuclear-rocket  engine  maintenance, 
assembly,  and  disassembly  building  (E- 
MAD)  at  the  National  Nuclear  Rocket 
Center,  Jackass  Flats,  Nev. 

$656.191— Westinghouse  Electric  Corp.,  Sun- 
nyvale, Calif.,  for  design,  fabrication  and 

field  installation  of  a  direct  current  power 
supply  system  for  mass  transfer  cooling 
and  aerodynamics  facility,  work  to  be 
done  at  Ames  Research  Center,  Moffett 
Field. 

$350,000 — Radiation  at  Stanford,  subsidiary 
of  Radiation,  Inc.,  Palo  Alto,  Calif.,  for 
three  high-power  microwave  transmitters for  Project  Relay. 

NAVY 
$26.500,000 — Bendix  Corp.,  Mlshawaka,  Ind., 

for  continued  production  of  Talos  mis- siles. 
$10,997,027  —  Vitro  Laboratory,  Division  of 

Vitro  Corp.,  Silver  Spring,  Md.,  for  re- 
search, analytical  investigation,  engineer- 

ing and  design  work  in  connection  with 
the  Fleet  Ballistic  Missile  System. 

$4,769.433— Hazeltine  Corp.,  Hazeltine  Elec- tronics Division,  Little  Neck,  L.I.,  N.Y., 
for  AN/SSQ-28  sonobuoys. 

$4,000,000— Lockheed  Missile  and  Space  Co., 
Sunnyvale,  Calif.,  for  tactical  readiness 
and  checkout  equipment  In  connection 
with  the  Polaris  program. 

$1,480,517  —  Radiant  Manufacturing  Corp., Morton  Grove,  111.,  for  rocket  launcher 
Aero  6A-2. 

$695,641 — J.  L.  Coe  Construction  Co.,  Lnc, 
Charlotte,  N.C.,  for  anti-submarine  war- 

fare tactical  trainer  facility.  Naval  Sta- tion, Norfolk,  Va. 

Zeus'  New  Antenna 
(Continued  from  page  32) 

the  past  has  been  high  cost.  This  is 
attributable  to  the  fact  that,  instead  of  a 
single  radiating  element  as  in  a  reflector, 
an  array  calls  for  multiple  radiators. 
This  multiplicity  also  demands  a  number 
of  feed  systems,  thus  even  further  in- 

creasing the  cost. 
Finally,  the  complexity  of  the  array 

electronic  systems  multiplies  the  cost. 
The  steering  and  receiving  electronics 
are  complicated  by  the  necessity  of  con- 

trolling the  phase  delay  of  the  antenna 
elements,  while  the  positioning  of  a  re- 

flector is  a  relatively  simple  electro- 
mechanical problem. 

In  addition,  a  parabolic  antenna  can 
be  positioned  to  radiate  an  identical 
pattern  over  an  entire  hemisphere  in 
space.  In  contrast,  the  sweep  of  a  planar 
array  is  limited  to  a  given  angle  from 
boresight.  This  problem,  of  course,  can 
be  eliminated  with  additional  arrays — 
with  a  consequent  increase  in  cost. 

•  Zeus  application  —  The  present 
Nike-Zeus  system  consists  of  four  large 
radars:  an  Acquisition  Radar,  Discrimi- 

nation Radar,  Missile  Track  radar  and 
Target  Track  Radar.  These  are  tied  into 
a  Target  Intercept  Computer  which  col- lates that  information  from  radars  and 
computes  the  guidance  and  control 
parameters  required  for  a  successful  in- 

tercept of  the  target. 
Although  the  phased-array  antenna 

could  theoretically  replace  all  of  the 
electromechanical  antennas,  it  is  far 
more  likely  that  its  function  will  be  re- 

stricted to  acquiring  the  target.  It  is  well 
suited  for  this  type  of  mission  because 
of  its  higher  power  capability  and  its 
ability  to  time-share  a  number  of  targets 
simultaneously.  An  additional  advantage 
of  the  array  in  the  Zeus  system  would 
be  the  combination  of  the  receiving  and 
transmitting  stations  into  one  system. 

The  higher  RF  power  of  the  phased 
array  would  allow  acquisition  of  the 
incoming  warheads  earlier  in  their  tra- 

jectory, thereby  increasing  the  discrimi- 
nation time  available  and  perhaps  allow- 

ing earlier  interception. 
In  discussing  the  new  antenna,  Syl- 

vania  officials  refused  to  discuss  the 
possible  application  of  the  system  to 
Zeus  because  of  security  classification. 
It  is  clear  nonetheless  that  the  system 
will  greatly  improve  the  ranging  accu- 

racy of  the  system  and  provide  greater 
flexibility  in  tracking — and  preliminary 
detection — of  multiple  warheads. 

The  time-table  for  the  installation 
of  the  reduced-scale  antenna  at  WSMR 
is  also  classified.  However,  it  is  not 
expected  that  systems  tests  will  be  con- ducted on  the  new  antenna  until  the 
middle  of  1963.  8 
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names  in  the  news 

BEARDWOOD RICE 

Dr.  Dana  Young:  Former  dean  of  the 
Yale  University  School  of  Engineering, 
will  join  the  staff  of  Southwest  Research 
Institute  as  technical  vice-president. 

Douglas  G.  Harvey:  Project  engineer 
for  the  Martin  Marietta  Corp.  of  Balti- 

more, has  been  selected  by  the  Institute 
of  the  Aerospace  Sciences  as  the  outstand- 

ing young  man  of  1961  in  the  aerospace 
field,  and  will  receive  the  Lawrence  B. 
Sperry  Award  on  Jan.  23  at  the  Institute's 30th  Annual  Honors  Night  Dinner.  Harvey 
is  being  given  the  award  in  recognition 
of  his  work  in  directing  the  design  and 
construction  of  the  first  two  nuclear  gen- 

erators to  be  used  in  space  aboard  the 
Navy's  Transit  satellites. 

Also,  Robert  R.  Gilruth,  IAS  Fellow 
and  director  of  the  NASA  Manned  Space- 

craft Center,  will  receive  the  Louis  W. 
Hill  Space  Transportation  Award  for  his 
outstanding  leadership  in  technical  devel- 

opment of  spacecraft  for  manned  space 
flight  at  the  same  time. 

Edgar  S.  Peierls:  Chairman  of  the 
board  of  Resistoflex  Corp.  has  announced 
the  election  of  Joseph  M.  Gentile  as  presi- 

dent of  the  company. 

John  T.  McGraw:  Appointed  vice  pres- 
ident of  the  Vard  division  of  Royal  Indus- 
tries, Inc.  He  joined  Vard  in  1960  as  di- 

rector of  engineering  and  will  continue  in 
that  responsibility. 

James  P.  McMahon:  President  of  Tul- 
lamore  Electronics  Corp.,  a  subsidiary  of 
The  Victoreen  Instrument  Company,  has 
been  made  a  vice  president  of  Victoreen. 

Dugald  Black:  Named  vice  president 
for  international  operations  by  the  board 
of  directors  of  The  Bendix  Corp.  He  will 
have  charge  of  the  12  Bendix  foreign  sub- 

sidiaries and  affiliates. 

Joseph  T.  Beardwood  III:  Announced 
as  manager  of  the  newly  created  Naval 
Warfare  Department  of  General  Atronics 
Corporation's  Military  Electronics  Divi- sion. 

Sidney  Sparks  and  Edwin  W.  Peterson: 
Appointed  executive  vice  president  and  a 
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director  and  vice  president  and  controller, 
respectively,  of  Radio  Corporation  of 
America  Communications,  Inc. 

H.  D.  Carlson:  Southwestern  Engineer- 
ing Company  directors  named  him  as  pres- 

ident, succeeding  Robert  P.  Miller,  who 
has  been  elected  to  chairman  of  the  board. 

Edward  T.  Butler:  Senior  vice  presi- 
dent of  Electro  Instruments,  Inc.,  given 

the  position  of  general  manager  of  the 
San  Diego  firm.  He  will  assume  overall 
responsibility  for  the  San  Diego  EI  sub- sidiary. 

Joseph  W.  Lewis  and  Earl  C.  Janson: 
Promoted  to  vice  presidencies  of  Beckman 
Instruments,  Inc.  Lewis,  manager  of  the 
Scientific  and  Process  Instruments  Divi- 

sion, will  continue  in  that  post  in  addition 
to  serving  as  a  company  officer.  Janson, 
vice  president  of  manufacturing,  will  con- 

tinue to  coordinate  the  company's  manu- facturing programs,  as  he  did  in  his 
former  post  of  director  of  manufacturing. 
They  will  both  serve  as  members  of  the 
Corporate  Planning  Committee. 

Ralph  J.  Cordiner,  Chairman  of  the 
Board  of  General  Electric  Co.,  has  an- 

nounced the  election  of  Hershner  Cross, 
general  manager  of  the  Radio  and  Tele- 

vision Division,  Dr.  Charles  E.  Reed,  gen- 
eral manager  of  the  Chemical  and  Metal- 

lurgical Division,  and  Charles  V.  Schelke, 
general  manager  of  the  International  Gen- 

eral Electric  Company  Division,  to  the 
posts  of  vice  presidents  of  the  company. 

Dr.  Franklin  A.  Gifford,  Jr.:  Meteorol- 
ogist in  charge  at  the  U.S.  Weather  Bureau 

Research  Station,  Oak  Ridge,  Tenn.,  has 
been  designated  chairman  of  the  Atomic 
Energy  Commission's  Advisory  Committee on  Reactor  Safeguards.  Dr.  Henry  W. 
Newson,  professor  of  physics  and  director 
of  the  Nuclear  Structure  Laboratory,  Duke 
University,  Durham,  N.C.,  will  serve  as 
vice-chairman. 

P.  R.  Vogt:  Appointed  to  the  newly 
created  position  of  assistant  general  man- 

ager and  technical  director  of  the  Liquid 
Rocket  division,  and  W.  J.  Brennan  and 
N.  C.  Reuel  to  the  positions  of  chief  engi- 

neer and  assistant  chief  engineer  of  Liquid 

Rocket  Engineering,  Rocketdyne  Division 
of  North  American  Aviation. 

Richard  L.  Hopkins:  Joined  Accurate 
Specialties  Co.,  Inc.,  last  year  as  general 
manager,  has  been  elected  president  at  a 
recent  meeting  of  the  board  of  directors. 

Dr.  H.  William  Welch,  Jr.:  Will  head 
up  the  new  Solid  State  Systems  Division 
of  Motorola  Inc.  He  has  been  directing 
the  efforts  of  the  Solid  State  Electronics 
and  Solid  State  Controls  departments  since 
their  inception. 

Frank  H.  Erdman:  Appointment  to  the 
presidency  and  election  to  the  board  of 
directors  of  General  Devices,  Inc.  has  been 
announced  by  J.  F.  Brinster,  founder  and 
recently  named  chairman  of  the  board. 

John  W.  McKane:  Formerly  sales  man- 
ager, made  vice  president  of  Engineered 

Ceramics  Manufacturing  Company,  Chi- 
cago. In  addition  to  his  new  administra- 

tive duties,  he  will  continue  to  direct  sales 
and  supervise  application  engineering  of 
special  refractory  requirements. 

Edgar  Rice:  One  of  the  founders  of 
Theta  Instrument  Corporation,  named 
president  and  chief  operations  executive of  the  company. 

Dr.  Joseph  P.  LaSalle:  Associate  direc- 
tor of  the  Center  for  Differential  Equa- 

tions at  RIAS,  the  Martin  Marietta  Cor- 
poration's Research  Institute  for  Advanced 

Study,  is  new  president-elect  of  the  Society 
for  Industrial  and  Applied  Mathematics. 
He  will  assume  the  presidency  in  the  fall. 
Elevated  to  the  presidency  was  Dr.  Robert 
Rinehart,  professor  of  mathematics  at  the 
Case  Institute  of  Technology.  The  out- 

going president  is  Dr.  F.  Joachim  Weyl, 
chief  scientist  of  the  Office  of  Naval  Re- 
search. 

H.  A.  Shepard:  Board  member  and  vice 
president-general  manager  of  Thompson 
Ramo  Wooldridge  Inc.,  selected  to  replace 
Dean  E.  Wooldridge,  president  of  the 
company  since  1958,  upon  his  resignation 
Feb.  1.  Wooldridge  will  continue  to  serve 
as  a  board  member  of  TRW  and  Space 
Technology  Laboratories,  Inc.,  a  sub- 

sidiary of  TRW. 
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Plan  to  attend  the:  NATIONAL  ROCKET  CLUB'S  5TH  ANNUAL 

DR.  ROBERT  H.  GODDARD 

NATIONAL  SPACE  CONFERENCE 

MARCH  15-16,  1962  •  SHERATON-PARK  HOTEL  •  WASHINGTON,  D.  C. 

MARCH  16  •  GODDARD  MEMORIAL  DINNER 

A 

TO  HEAR  AND  PARTICIPATE  IN  DISCUSSIONS  ABOUT  OUR 

COUNTRY'S  ORGANIZATION  FOR  SPACE  LEADERSHIP. 

Write  Now  for  Program  and  Registration  Form 
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when  and  where 

FEBRUARY 
Western  Electronic  Week  and  Pacific  Elec- 

tronic Trade  Show,  Palm  Springs  and 
Los  Angeles,  Feb.  3-11. 

American  Society  for  Testing  and  Mate- 
rials' Committee  Week  and  Spring 

Meeting,  Statler-Hilton  and  Sheraton- 
Dallas  Hotels,  Feb.  5-9. 

Winter  Convention  on  Military  Electronics, 
IRE,  Ambassador  Hotel,  Los  Angeles, 
Feb.  7-9. 

International  Solid  State  Circuits  Confer- 
ence, Philadelphia,  Feb.  14-16. 

Golden  Gate  Metals  Conference,  Fairmont 
Hotel,  San  Francisco,  Feb.  15-17. 

American  Institute  of  Mining,  Metallurgi- 
cal, and  Petroleum  Engineers,  91st 

annual  meeting,  Hotels  Statler  and 
Astor,  New  York  City,  Feb.  18-22. 

Tracking  and  Command  of  Aerospace 
Vehicles,  Institute  of  the  Aerospace 
Sciences,  San  Francisco,  Feb.  19-21. 

Third  Annual  Symposium  on  Nondestruc- 
tive Testing  of  Aircraft  and  Missile 

Components  (Southwest  Research  In- 
stitute), Gunter  Hotel,  San  Antonio, 

Tex.,  Feb.  27-Mar.  1. 

MARCH 

Institute  of  Radio  Engineers,  8th  Scintilla- 
tion and  Semiconductor  Counter  Sym- 

posium, Washington,  D.C.,  Mar.  1-3. 
Fifth  Annual  Technical  Conference, 

Society  of  Vacuum  Coaters,  Sheraton- 
Cleveland  Hotel,  Cleveland,  Mar.  6-7. 

Armed  Forces  Communications  and  Elec- 
tronics Association,  Cape  Canaveral 

Chapter,  symposium,  Cocoa  Beach, 
Fla.,  Mar.  6-8. 

Flight  Propulsion  Meeting  (classified),  In- 
stitute of  the  Aerospace  Sciences, 

Cleveland,  Mar.  8-9. 
First  Microminiaturization  Congress  and 

Exhibition,  sponsored  by  American 
Watchmakers  Institute,  Hotel  Commo- 

dore, New  York  City,  Mar.  10-13. 
1962  Symposium  on  Packaging  of  Chem- 

ical Products,  sponsored  by  Manufac- 
turing Chemists  Association,  Inc.,  St. 

Louis,  Mar.  13-14. 
Goddard  National  Space  Conference,  spon- 

sored by  the  National  Rocket  Club, 
Sheraton  Park  Hotel,  Washington, 
D.C.,  Mar.  14-16.  (Goddard  Memo- rial Dinner  on  Mar.  16.) 

Electrical  Propulsion  Conference,  ARC, 
Hotel  Claremont,  Berkeley,  Calif., 
Mar.  14-16. 

Third  Symposium  on  Engineering  Aspects 
of  Magnetohydrodynamics,  sponsored 
by  University  of  Rochester,  AEEE, 
IRE,  IAS,  University  of  Rochester, 
N.Y.,  Mar.  28-29. 

APRIL 
American  Rocket  Society,  Launch  Vehi- 

cles: Structures  and  Materials  Confer- 
ence, Ramada  Inn,  Phoenix,  Ariz., 

April  3-5. 

To  Neptune  and  Uranus 
(Continued  from  page  36) 

solid  surface,  then  there  is  another 
problem  which  almost  looks  unsur- 
mountable.  Where  do  you  park  the 
return  rocket  while  you  take  a  look 
around? 

•  Origin  of  the  Solar  System — To 
this  date  there  is  no  established  theory 
for  the  formation  of  the  solar  system. 
We  have  collected  a  great  deal  of  data 
about  the  system,  and  any  theory  must 
explain  these  characteristics  in  a  logical 
way. 

The  theory  must  account  for  the 
almost  perfectly  circular  orbits  of  the 
planets  around  the  sun  and  the  moons 
around  the  planets.  The  orbits  are  usu- 

ally in  a  common  plane  which  coincides 
with  the  equator  of  the  primary.  The 
theory  must  give  a  logical  development 
that  will  allow  the  sun  to  retain  only 
2%  of  the  angular  momentum  of  the 
original  gas  or  dust  cloud.  Jupiter  alone 
contains  60%  of  the  angular  momen- 

tum of  the  solar  system  and  the  four 
large  planets  contain  98%. 

The  real  problem  for  any  theory 
of  the  development  of  the  solar  system 
is  to  account  for  the  discrepancies  in 
the  normal  patterns:  Why  do  Mercury 
and  Venus  have  no  satellites?  Why  was 
the  asteroid  belt  formed  between  Mars 
and  Jupiter  rather  than  a  planet?  Why 
are  the  planets  outside  the  asteroid  belt 
so  different  from  the  planets  inside  the 
asteroid  belt?  Why  don't  the  larger moons  have  satellites  of  their  own? 
What  is  the  explanation  for  the  odd  be- 

havior and  physical  characteristics  of 
Pluto? 

One  problem  in  particular  that  will 
be  a  real  test  for  any  theory  is  the 
explanation  of  the  axial  tilt  of  Uranus. 
As  the  following  diagram  shows,  most 
of  the  planets  have  an  equatorial  incli- 

nation of  about  25°  to  their  orbit. 
Jupiter  could  be  forgiven  because  of  its 
large  mass,  but  why  does  Uranus  have 
its  polar  axis  in  the  orbital  plane?  Why 
is  this  twin  of  Neptune  so  different  in 
this  respect? 

One  thing  that  will  help  a  great  deal 
in  this  problem  of  the  origin  of  the  solar 
system  is  to  know  the  exact  composi- tion and  structure  of  the  planets.  Our 
unmanned  probes  and  manned  explora- 

tions will  give  us  these  data. 
Once  we  do  have  a  firm  theory  for 

the  formation  of  planetary  systems  from 
dust  clouds,  the  astronomers  will  be 
able  to  determine  what  types  of  stars 
could  have  planets  similar  to  ours.  The 
recent  attempts  to  detect  radio  signals 
generated  by  intelligent  beings  on 
planets  around  other  stars  could  then 
be  repeated — with  a  better  chance  of 
success. 
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editorial . . 

The  Significance  of  Zero 

THERE  ARE  FEW  surprises  for  the  missile/space 
industry  in  the  first  complete  Kennedy  Admin- 

istration budget.  Generally  speaking,  it  is  a  good 
budget  from  the  viewpoint  of  the  industry. 

Detailed  study,  however,  reveals  two  major  and 
interrelated  areas  of  concern  which  the  Administra- 

tion has  slighted  in  its  funding. 
The  three-year  Department  of  Defense  budget 

breakdown  carries  a  line  under  procurement  funding 
for  "military  astronautics."  This  line  is  blank  for 
Fiscal  1961,  1962  and  1963.  Three  years  wasted, 
36  months  of  marking  time,  1095  days  irrecoverably 
down  the  drain. 

Asked  to  explain  why  the  item  was  carried  at 
all,  a  DOD  spokesman  could  only  reply:  "It  has 
the  significance  of  a  zero  entry."  We  think  that  sig- 

nificance is  considerable.  The  FY  '63  budget  thus 
carries  the  message  that  the  Kennedy  Administration 
has  done  little  better  than  its  predecessor  in  activating 
a  major  military  space  program. 

DOD  is  asking  for  total  obligational  authority  of 
$1.5  billion  for  research,  development,  test,  and  eval- 

uation in  military  astronautics  during  FY  '63.  This 
is  up  from  $1.15  billion  this  year — not  a  major  in- 

crease in  view  of  what  should  be  done  in  the  field. 
The  greater  part  of  the  spending  is  to  be  in  such  areas 
as  reconnaissance  and  communications.  There  is  little 
for  manned  military  space  flight.  It  is  the  outstand- 

ing deficiency  in  the  budget. 
It  is  understandable  that  DOD  officials,  while 

proud  to  point  to  an  increase  in  the  Minuteman  force, 
are  reluctant  to  discuss  the  Dyna-Soar  program  in 
relation  to  the  budget. 

Related  to  the  lack  of  a  major  military  space 
program  is  the  failure  to  implement  a  big  solid- 
booster  program  simultaneously  with  the  big  liquid 
program.  Administration  officials  and  the  budget  it- 

self have  made  it  clear  that  the  solid  Nova  has  lost 

its  priority,  as  first  reported  in  last  week's  Missiles and  Rockets. 

The  budget  report  flatly  states:  "First  attempts 
at  manned  lunar  flight  will  be  made  with  liquid-fuel 
rocket  engines."  It  is  the  first  official  statement  that 
the  solids  have  been  abandoned  for  this  purpose. 

The  disappearance  of  a  side-by-side  solids  devel- 
opment from  the  lunar  landing  program  has  taken  an 

interesting  course.  As  recently  as  Jan.  10,  a  top  of- 
ficial of  the  National  Aeronautics  and  Space  Admini- 

stration denied  that  there  had  been  any  change  in 
implementing  the  President's  decision,  presented  to 
a  Joint  Session  of  Congress,  for  developing  both 
liquid  and  solid  boosters  for  the  initial  lunar  landing. 

At  his  budget  briefing,  however,  NASA  Admin- 
istrator James  Webb  made  it  clear  that  the  space 

agency  is  putting  all  its  chips  on  the  liquids. 

He  said  NASA  did  take  up  with  the  Bureau  of 
the  Budget  the  question  of  a  major  solids  program  in 
FY  '63  to  catch  up  with  the  liquid  program.  He 
estimated  this  might  have  added  as  much  as  a  billion 
dollars  to  the  NASA  budget,  an  estimate  which 
seems  very  high. 

The  decision  not  to  include  a  solids  program, 
Webb  stated,  was  made  for  both  fiscal  and  technical 
reasons.  Among  those  taking  part  in  the  decision 
were  NASA  officials,  the  Budget  Bureau  and  the 
Space  Council.  Then  Administrator  Webb  made  an 
interesting  statement.  With  everyone  agreed,  he  said, 
"It  was  not  necessary  to  go  to  the  President  with  an 

appeal." 

We  think  this  is  a  decision  in  which  the  President 
certainly  must  take  a  personal  interest.  Whether  or 
not  it  is  placed  before  him  on  appeal,  it  is  a  matter 
of  utmost  importance  to  the  national  security  and 
welfare. 

With  the  President's  statement  backing  a  dual 
liquid-solid  approach  before  it,  Congress  last  year 
appropriated  the  money  for  the  lunar  program.  The 
President  has  not  retracted  that  statement  and  no  one 
from  the  Administration  or  NASA  has  taken  the 
trouble  to  explain  the  change  in  direction  to  Con- 

gress. We  suspect  this  arbitrary  handling  will  result 
in  some  irritated  questioning  from  the  Hill. 

TiERE  IS  ONE  hopeful  development  in  the  situa- 
tion. Both  the  budget  and  Administration  officials 

have  made  it  plain  that  responsibility  for  the  big 
solid  program  hereafter  will  rest  with  the  Air  Force, 
not  NASA.  The  solids  are  to  be  brought  along,  al- 

though on  a  much  slower  time  scale.  If  the  Air  Force 
can  generate  enough  enthusiasm  for  solids,  the  pro- 

gram might  yet  be  accelerated. 
A  NASA  source  says  the  Air  Force  FY  '63  bud- get calls  for  spending  of  some  $40  million  on  big 

solids,  other  than  the  120-in.  boosters  for  Titan  III. 
It  is  not  yet  clear  whether  this  is  the  expenditure 
planned  during  the  year  or  is  in  addition  to  the  $62 
million  set  aside  last  year.  In  either  event,  while 
initiation  of  a  big  solids  program  is  a  step  in  the  right 
direction,  $40  million  is  hardly  sufficient.  That  is 
far  less  than  is  being  asked  for  the  Peace  Corps,  a 
worthy  but  certainly  less  vital  program. 

We  hope  sufficient  backing  can  be  developed  in 
Congress  to  overcome  these  two  major  deficiencies 
in  the  new  budget.  Undoubtedly,  as  more  details  on 
specific  programs  are  released,  other  areas  of  concern 
may  appear.  But,  with  the  exceptions  noted,  it  appears 
to  be  a  budget  with  strong  support  for  the  industry — 
and  which  the  industry  can  strongly  support. 

William  J.  Coughlin 
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TO  MEET  SPACE  CONTROL  CHALLENGES 

HONEY  WELL  SYSTEM  "SHIFTS  GEARS"  FOR 
SPACE  PILOT.  An  autopilot  that  "thinks  for 
itself"  typifies  Honeywell's  recent  develop- ment work.  Called  an  Adaptive  Flight  Control 
System  it  senses  the  changing  responses  of 
a  craft  in  its  environment,  and  automatically 

Fly's  weight  moves 

2-ton  test  platform 

This  new  Honeywell  space  simulator  is 
balanced  so  delicately  that  a  fly  landing 
on  it  causes  it  to  move  visibly.  It  is  used 
to  test  spacecraft  guidance  systems  by 
closely  simulating  various  phases  of 
operational  spacecraft  dynamics. 

adapts  the  ship's  controls  throughout  the enormous  dynamic  range.  The  Honeywell 
system  — first  to  blend  aerodynamic  and  reac- 

tion controls  in  a  single  system— will  permit 
the  X-15  to  reach  the  limits  of  its  design 
capabilities. 

Excellent  educational 

opportunities  available 

to  Honeywell  engineers 

Every  day  is  "back  to  campus"  day  at 
Honeywell-Aero.  Currently  more  than  80 
Honeywell  engineers  and  scientists  are 
working  toward  advanced  degrees  in  their 
chosen  profession.  And  with  full  com- 

pany support,  we  might  add.  Many  others 
are  taking  courses  in  specialized  areas 
of  interest. 
The  location  of  Honeywell's  Minne- 

apolis plant  fosters  such  back-to-school 
activity.  It's  situated  just  10  minutes 
away  from  one  of  our  nation's  largest  and finest  educational  institutions— the  Uni- 

versity of  Minnesota.  In  addition,  more 
than  a  dozen  private  colleges  are  located 
in  or  near  the  Minneapolis  area. 

Honeywell 

HOMYWIU  A        ■  ^£1  /! 

ENGINEERING  AND 

SCIENTIFIC 

OPPORTUNITIES 

VEHICLE  FLIGHT  CONTROLS 
SYSTEMS  ANALYSIS 

Perform  system  analyses  of  automatic 
flight  control  systems  for  manned  and 
unmanned  aircraft,  VTOL/STOL,  missiles, 
capsules.  Utilize  servo-mechanism 
analysis,  analog  simulation;  determine 
transfer  functions;  determine  control 
compensation  for  aeroelasticity. 

APPLIED  MATHEMATICS 

Utilize  numerical  and/or  statistical  sys- 
tems analysis  for  computation  and  simu- 

lation in  trajectory  analysis  and  control, 
vehicle  navigation  and  control.  Excellent 
analog  and  large  hi-speed  automatic 
digital  computer  facility. 

RELIABILITY 

Provide  reliability  input  to  military  R&D 
electronic  design  teams,  directing  or 
compromising  for  greatest  reliability. 
Determine  and  apply  reliability  methods 
to  design  work  and  present  in  proposal 
preparations  and  negotiations. 

SEMICONDUCTOR  APPLICATIONS 

Investigate  and  solve  semiconductor  ap- 
plication problems  in  analog  and  digital 

control  circuits.  Capabilities  to  direct  the 
work  of  design  engineers  and  technicians 
in  developing  breadboard  circuits. 

ENGINEERING  PROJECT 
ADMINISTRATORS 

Guide  technical  project  managers  in 
sound  business  administration  of  military 
research  and  development  projects. 
Draw  upon  your  degree  studies  and  tech- 

nical or  administrative  experience  to  pro- 
vide business  tools  to  line  managers. 

AIRBORNE  DISPLAY  & 

CONTROL  ENGINEERS 

Apply  digital  navigation  design  and 
human  factors  experience  to  design  of 
advanced  displays  for  space  vehicles. 

Write  to  Mr.  Roy  Richardson,  Director  of 
Technical  Service,  Honeywell  -  Aero,  2608 
Ridgway  Road,  Minneapolis  40,  Minnesota. 

To  explore  professional  opportunities  in  other 
Honeywell  locations,  coast  to  coast,  send  your 
application  in  confidence  to  Mr.  H.  6.  Eckstrom, 
Honeywell,  Minneapolis  8,  Minnesota. 

WE  ARE  AN  EQUAL  OPPORTUNITY  EMPLOYER 
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an  engineering  byword 
and  a  mnemonic  well  worth 

remembering.  Take  Varian 

power  klystrons,  for  example. 

Varian  internal  cavity  design 
minimizes  maintenance. 

Absence  of  sliding  joints  and 

contacts  eliminates  RF  leakage 

and  cuts  down  self-oscillation. 

Tube  and  circuits  are  an  integral 

structure,  ready  for  transmitter 

installation.  Tubes  are  self-centering 

in  electromagnets.  Non-critical 
magnetic  focusing  requires  no  physical 

adjustment.  High  density  metal  cathodes 

permit  automatic  fault  recycling  at  full 

power.  Input  and  output  couplings  are  pre- 
set to  optimum  for  flat  transmission  lines 

(again,  there's  no  need  for  adjustment). 

Just  connect  coolants,  cathode  terminals, 

RF  input  and  output  lines,  and  tubes 

are  ready  to  operate. 

If  you  need  such  long-lasting, 
reliable  klystrons,  Varian  Has  (or 

can  design^  the  ideal  tube  for  you. 
Contact  Tube  Division. 

VARIAN  associates 

PALO  ALTO    lO,  CALIFORNIA 

Varian  Subsidiaries:  varian  laboratories,  inc.  •  s-f-d  laboratories,  inc.  •  semicon  associates,  inc. 
PARIAN   ASSOCIATES   OF   CANADA,   LTC       .     SEMICON    OF   CALIFORNIA,  INC.     •     VARIAN   A.  G.  (SWITZERLAND) 
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Operational-type  Pershing  Passes  Flight  Test 

Pershing  To  Enter  Production  Soon  

18-Orbit  Mercury  Launch  Slips  to  '63  .  .  . 
Ultrasonics  Conquering  Refractories  .  .  .  . 



SPECIFIC  GRAVITY 

NEW  COUNT  DOWN 

A  new  count  down  in  weight  is  now  made  pos- 

sible by  Fiberite's  POINT-FOUR  series. 
MX-5700  is  the  first  in  a  series  of  phenolic 

asbestos  low-density  molding  materials.  Speci- 
fic gravity  is  0.4  compared  to  1.8  of  ordinary 

asbestos  phenolic  insulation.  The  K  factor  is 

reduced  by  50%  in  both  pyrogenic  and  cryo- 
genic applications.  MX-5700  is  available  in 

molding  tapes  up  to  30"  in  width. 

for  complete  technical  information  write  to: 
FIBERITE  Division 

UNIVERSAL   MANUFACTURING  COMPANY 
Winona,  Minnesota 
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Graphite 

Domes  of 

age  to 
Aerospace 

Techoology 

This  huge  press  can  pro- 
duce rocket  nozzle  inserts 

and  other  premium  grade 

(or  commercial)  graphite 

pieces  up  to  103  inches  in 
diameter! 

If  you  need  high  quality, 

big  size  graphite  pieces  for 

your  aerospace  program,  it 

will  pay  you  to  talk  with  us. 

GREAT  LAKES 

CARBON 

CORPORATION 

18   EAST  48TH  STREET 
NEW   YORK   17,  N.  Y. 
OFFICES  IN   PRINCIPAL  CITIES 
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AC,  The  Electronics  Division  of  General  Motors,  is  now  seeking  creative  engineers, 
physicists  and  mathematicians  to  fill  important  and  challenging  positions  in  the 
Advanced  Navigation  Field.  The  positions: 

Boston  Research  &  Development 
Laboratory 

(Advanced  Inertial  Guidance  Systems  and 
Components) 
Systems  Engineers  and  Mathematicians 
Electronic  Circuit  Engineers 
Mechanical  Design  Engineers 
Instrument  Engineers 
Electromagnetic  Engineers 
Radar  Systems  Engineers 

Los  Angeles  Research  and  Development 
Laboratory 

(Advanced  Inertial  Guidance  Systems  and 
Airborne  Digital  Computers) 
Digital  Computer  Development  Engineers 

Research  and  Development  Engineers 
Transistor  Circuit  Design  Engineers 
Systems  Engineers 
Milwaukee 
Military  DefenseSystems,  Program  and  Project 
Engineers 

Radar  Design  and  Development  Engineers 
Radar  Systems  Engineers 
Radar  Test  Engineers 
Reliability  Program  Engineers 
Field  Service  Engineers 
Electromagnetic  Engineers 
Supplier  Contact  Engineers 
Quality  Control  Engineers/Analysts 
Technical  Writers  and  Editors 
Scientific  Programmers 

If  you  are  experienced  and  interested  in  any  one  of  these  positions,  please  send  your  resume  to 
Mr.  G.  F.  Raasch,  Director  of  Scientific  and  Professional  Employment,  Dept.  5753,  7929  S.  Howell, 
Milwaukee  1,  Wisconsin  We  are  an  Equal  Opportunity  Employer. 
AC  SPARK  PLUG  &  THE  ELECTRONICS  DIVISION  OF  GENERAL  MOTORS 
AChiever  Inertial  Guidance  for  the  TITAN  II,  THOR  and  MACE  .  .  .  Bombing  Navigation  Systems  Integrator  for  the 
B-52C&D  .  . .  POLARIS  gyros  and  accelerometers  .  .  .  ALRI  .  .  .  AChieverfone  mobile  telephones 
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Army's  Martin  Pershing  1RBM  fired  from 
Cape  Jan.  16  flew  400  mi.  and  is  near-opera- 

tional version.  Pershing  is  expected  to  reach 
combat  status  this  year.  See  p.  15. 
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letters- 

wise  for  its  size 

Press  a  button.  Then  read  what 

CEC's  low-cost,  portable  (or  rack 
mounted)  Recording  Oscillograph 
(5-124)  has  to  say.  Recording  on 
18  channels,  it  ac- 

tually produces  all 
record  parameters 
at  writing  speeds 
up  to  50,000  ips. 
The  oscillogram 
tells  all:  full-length 

amplitude  reference  lines  with 
0.1-inch  or  2  millimeter  spacing, 
positive  trace  identification  (in- 

cluding trace  numbering),  and 
full  width  timing 

lines.  The  5-124 
weighs  only  40  lbs. 
Want  one? Call  your 
nearby  CEC  office 
or,  write  for  Bulle- 

tin CEC  5124-X25. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA  .  A  SUBSIDIARY  OF  BELL  &  HOWELL 

Double  Patent  Standard? 
To  the  Editor: 

I  see  in  your  Jan.  8  editorial  ("Stifling 
the  'One  Human  Asset'  ")  you  again  ham- 

mer away  at  that  big  nasty  old  government 
practically  stealing  the  bread  out  of  the 
mouths  of  those  poor  multimillion-dollar 
companies.  You  once  again  jump  on  the 
bandwagon  along  with  many  other  trade 
publications.  To  boot,  you  even  dress  up 
your  editorial  with  a  quote  from  "His- 

torian Toynbee,"  not  to  mention  the  com- 
pletely unprejudiced  report  by  a  commit- 

tee whose  "directors  and  associate  direc- 
tors" are  members  of  firms  which  stand 

to  lose  by  the  government's  plans. 
It  is  pointed  out  that  "Inventive  Amer- 

ican industry,  both  large  and  small  busi- 
ness, is  convinced  that  the  attitude  of  gov- 

ernment is  unreasonable.  .  .  ." 
Gentlemen,  why  do  these  same  people 

not  think  it  unreasonable  that  the  engi- 
neers and  staff,  who  work  for  them,  must 

assign  their  patent  rights  to  the  company? 
Why  this  double  standard?  The  argument 
is  that  the  company  pays  salaries  for  the 
employees'  time — hence  it  is  entitled  to 
their  knowledge.  I,  for  one,  believe  that 
if  this  is  A-OK  by  industry,  they  should 
accept  the  fact  that  the  government  is 
paying  them,  and  pretty  well  too.  Ergo, 
company  patents  are  the  property  of  the 
employer — in  this  case,  government. 

As  an  engineer  and  a  taxpayer,  I  think 
that  ASPR  IX,  part  2,  MIL-D-70327  and 
MCP-71-77  are  no  more  "stifling"  or  "un- 

fair and  unworkable"  than  long-standing commercial  practice. 
Moses  Tawil 
Brooklyn,  N.Y. 

Trophy  Philosophy 
To  the  Editor: 
A  little  weary  of  the  lionized  jockeys, 

the  Lindberghs,  the  speedway  drivers,  air 
pilots,  and  such,  who  merely  ride  the 
creations  of  the  real  and  unsung  heroes 
behind  the  scenes,  I  nominate  for  the 
Goddard  Trophy  those  men,  or  that  fore- 

most man,  who,  through  long  years  of 
sweat  and  tears,  trained  or  devised  out  of 
pure  and  inspired  imagination  the  .  .  . 
machines  which  the  jockeys  ride  to  glory. 

For  once  let  us  honor  him  or  those 
who  lead  the  technological  parade  into  the 
future.  .  .  . 

It  is  as  with  the  great  music  of  the 
world:  the  hurrahs,  the  ovations  and  the 
"encores"  usually  go  to  the  polished  maes- 
tros — who  can  at  best  only  follow  the  com- 

poser's directions — instead  of  the  creators themselves.  .  .  . 
In  space  and  missilery,  such  men  as 

Goddard  himself,  Von  Braun  and  his  asso- 
ciates, and  the  others,  best  known  to  space 

researchers,  who  created  these  wondrous 
engines  of  exotic  transportation — it  is  on 
their  heads  that  we  should  place  the  laurel 
crowns  of  honor  in  everlasting  gratitude. 

Benjamin  F.  Miessner 
Miessner  Inventions,  Inc. 
Miami  Shores.  Fla. 
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PH  I  LCO 

DEFENSE 

CAPABILITIES 

WHAT'S  UP. . .  AND  WHERE  ? 

Anti-submarine  warfare 
Electronic  data  processing  systems 

Electronic  displays 
Environmental  testing 

Field  engineering 
Global  communications 
Human  engineering 
Infra-red  devices 

Integrated  air  traffic  control 
Military  computers 

Missiles 
Missile  subsystems 
Navigation  systems 

Radar 
Reliability  studies  and  testing 
Research  and  development 

Satellites 
Satellite  subsystems 

Space  communications 
Systems  studies 
Test  equipment 

Tracking  and  control  systems 
Weapon  systems 

Phileo  2000  Series— 
the  Computers  that  changed 

the  industry. 

The  Phileo  2000  EDP  System  knows... 

and  tells  NORAD  Instantly! 

In  NORAD's  ultra-modern  Colorado  headquarters,  a  large-scale 
Phileo  2000  Electronic  Data  Processing  System  operated  by  the  Air  Force 
takes  inputs  from  the  vast  defense  network  and  accurately  maintains  a 

minute-by-minute  electronic  track  of  man-made  objects  in  space. 
This  exacting  task  is  for  SPADATS ...  Space  Detection  and  Tracking  System. 

The  Phileo  2000  is  typical  of  Phileo 
diversified  capabilities  in  electronics... 
for  defense  and  industry. 

Government  &  Industrial  Group,  Philadelphia  44,  Pennsylvania 

PH  I  LCO 

ij=^jj  <~Ja,?twuA  for  Qua/My  (fie  'T/Jor&l  Over Communications  and  Weapons  Division  •  Communications 
Systems  Division  •  Computer  Division  •  Sierra  Electronic  Divisic 

Western  Development  Laboratories 



This  case  section  for  the  U.S.  Army's  Pershing  missile  has 
precisely  contoured,  tapered  walls  only  .068-inch  thick— 
and  a  burst  strength  of  over  300,000  psi.  Its  amazing 
toughness  stems  from  an  advanced  production  process 
called  flow-turning. 

Pratt  &  Whitney  Aircraft  has  pioneered  the  use  of  this 
remarkable  technique  to  cold-form  steels,  molybdenum, 
titanium,  and  tantalum  into  lightweight  parts 
with  diameters  ranging  from  one-half  inch  to 
80  inches,  lengths  up  to  12  feet,  and  thicknesses 
controlled  to  within  .002  inch.  Even  more 
advanced  flow-turning  methods  involving  hot 
metals  are  under  development. 

Such  advances  in  metalworking  typify  Pratt 

&  Whitney  Aircraft's  expanding  capabilities  in 
rocket  technology. 

Liquid  hydrogen,  for  example,  was  considered 

too  difficult  to  handle  only  a  few  years  ago.  A  major  Pratt 
&  Whitney  Aircraft  effort  made  it  a  practical  space  fuel. 
The  nation's  first  liquid-hydrogen  engine,  Pratt  &  Whitney 
Aircraft's  RL-10,  has  passed  its  preliminary  flight  rating 
test  and  is  in  production  for  the  Centaur  and  Saturn  pro- 

grams. In  tests  the  RL-10  significantly  exceeded  perform- 
ance guarantees  and  demonstrated  unusual  durability  with 

individual  runs  up  to  12  minutes  during  a  series 
of  continuous  firings  that  totalled  63  minutes. 

Today,  Pratt  &  Whitney  Aircraft  scientists 
are  investigating  such  diverse  fields  as  emis- 
sivity  in  space  vehicles,  hydrogen-fluorine 
rockets,  and  advanced  power  concepts  ranging 
from  MHD  and  fuel  cells  to  nuclear  power. 
These  programs,  too,  promise  significant 
discoveries  for  rocket  technology  and  national 
space  capability. 

Pratt  & 
Whitney 

Aircraft 

u INITEO  Al 

ft 

MSION  OF  UNITED  AIRCRAFT  CORP 



Garrett -AiResearch  Capability  in 

Nuclear  Engine  Control  Systems 

NUCLEAR  RAMJET 
Inlet  Guide  Vane  Control 

Rotary,  Linear  Actuators 
Servo  Valves 
Pneumatic  Amplifiers 

Reactor  Controls 
Rod  Positioners 
Temperature  and  Pressure  Sensors 

NUCLEAR  ROCKET 

Propellant  Supply  Systems 
Turbopump  Controls 
High  Temperature  Flow  Control  Valves 
Turbine  Speed  Controls 

Cryogenic  Propellant  By-Pass  Valves 
Propellant  Pre-Heat  Control  Valves 
Tank  Pressurization  Systems 

Reactor  Controls 
Rod  Positioners 
Temperature  and  Pressure  Sensors 

Auxiliary  Power  Controls 
Pressure,  Temperature  and  Speed  Controls 

Attitude  Controls 

Secondary  Injection  Thrust  Vector  Systems 
Roll  Stabilizers 

AiResearch  experience  in  space  nuclear 
power  systems,  and  in  hot  gas  and  cryogenic 
control  systems  for  aircraft  and  missiles,  is 
directly  applicable  to  the  development  of 
control  systems  for  nuclear  rocket  and 
ramjet  engines. 

This  pneumatic  approach  provides  a 
system  that  is  simple  and  lightweight.  It 

I    operates  reliably  within  the  high  and  low 

temperature  parameters  of  nuclear  engines, 
and  is  relatively  insensitive  to  radiation 
exposure  of  long  duration  and  high  intensity. 

AiResearch  has  more  than  six  years  of 
development  work  in  nuclear  power  systems 
spread  over  a  wide  range  of  programs, 
including  turbomachinery  and  heat  transfer 
equipment.  Please  direct  inquiries  to 
Control  Systems  Sales,  Phoenix  Division. 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  45,  California  •  Phoenix,  Arizona 
Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
Circle  No.  6  on  Subscriber  Service  Card 
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DESIGNED  FOR  DIVERSITY 

Aerojet's  multi-purpose  drone 
The  AN/USD-2  drone  is  designed  to  serve  the  field  commander  on 
tomorrow's  battleground.  Rugged  and  reliable,  the  current  AN/USD-2 
will  provide  a  capability  for  day  and  night  battlefield  surveillance, 
demonstrated  in  full-duration  flights  under  Army  cognizance. 

An  advanced  AN/USD-2,  proposed  for  development,  would  be 
a  mobile  multi-purpose  system  with  expanded  capabilities. 

SURVEILLANCE  of  enemy  territory 

DIVERSIFIED  PAYLOAD  capability 

AERONAUTICAL  DIVISION 

CORPORATION 
Downey,  California 
/"    THE  ~S GENERAL    a  subsidiary  of  the  general  tire  and  rubber  company 
\_  TIRE  J 

Engineers,  scientists— investigate  outstanding  opportunities  at  Aerojet. 
10 



The  Countdown 

WASHINGTON 

Polaris  Slippage  To  End 
The  Defense  Department  is  planning  to  end  the 

Administration-imposed  day  by  day  slippage  in  the  con- 
struction of  Polaris  submarines  beyond  the  29th.  The 

department  says  it  will  release  funds  to  the  Navy  to  order 

long  lead-time  items  for  the  next  six  Polaris  subs.  How- 
ever, plans  now  call  for  placing  the  sub-building  program 

beyond  the  29  th  boat  on  a  basis  of  one  every  two 
months — rather  than  the  projected  one-a-month. 

ICBM'S:  Generation  No.  3  Coming  Up 
The  Administration  decision  to  permit  the  Air  Force 

to  resume  early  work  on  a  third  generation  ICBM  is  the 
latest  indication  that  the  United  States  will  resume  nuclear 
tests  in  the  atmosphere — probably  within  a  few  months. 
One  absolute  requirement  for  the  new  ICBM  is  reducing 
the  size  and  increasing  the  power  of  nuclear  warheads. 
This  is  possible  only  by  more  testing. 

FY  '63  Budget  Breakouts 
Informed  sources  are  saying  the  new  budget  requests 

include  about  S2  billion  for  Minuteman  and  about  $42 
million  for  Dyna-Soar.  The  Minuteman  figure  covers  the 
entire  program,  including  construction.  About  $650  mil- 

lion is  expected  to  go  to  the  principal  contractor — Boeing. 

Typhon  Becomes  a  Star 
The  Westinghouse-Bendix  Typhon  system  is  rapidly 

becoming  a  leading  item  in  the  Navy's  R&D  effort.  The aircraft/missile  defense  missile  is  considered  essential  for 

defense  of  the  fleet  in  the  later  1960's — especially  against 
missiles  launched  from  beyond  the  horizon. 

Red  Undersea  Threat  Grows 

The  Defense  Department  is  increasingly  concerned 
with  the  threat  posed  by  Soviet  missile-launching  subma- 

rines. The  Russians  have  been  known  for  some  time  to 
have  conventionally-powered  subs  capable  of  launching 
missiles.  Current  evidence  increasingly  indicates  that  the 
Soviets  also  have  nuclear-powered  missile  subs.  The  mis- 

siles are  considered  to  be  short  range.  But  even  those 
could  obliterate  all  of  the  big  metropolitan  areas  on  the 
East  and  West  Coasts. 

INDUSTRY 

The  Race  for  the  120-incher 

Six  companies  are  fighting  for  the  R&D  contract 
to  develop  the  Air  Force's  120-inch  solid  motor  that  will be  clustered  with  Titan  II.  The  six  that  have  been 
invited  to  submit  proposals:  Aerojet,  Lockheed  Propul- 

sion, UTC,  Thiokol,  Hercules  and  Atlantic  Research. 

Pershing  and  the  NATO  Market 
As  Pershing  is  readied  for  early  production  (see  page 

15),  the  outlook  for  European  sales  of  the  big  tactical 
missile  system  are  brightening.  The  West  Germans  are 
considered  firmly  committed  to  adding  Pershing  to  their 

growing  Army.  As  a  result.  France  and  several  other 
NATO  nations  may  follow  suit.  The  West  German  buy 
alone  is  expected  to  top  $100  million. 

R&D  Intelligence 

Martin  Marietta's  Baltimore  division  is  in  line  for  a 
$2  million  contract  for  R&D  of  a  space  program  launch 
vehicle  .  .  .  Aerojet-General  Nucleonics  is  investigating 
the  use  of  fissio-chemistry  via  a  $4  million  AF  contract 
to  try  and  cut  chemical  production  costs  ...  In  the  same 
vein,  General  Dynamics/Electronics  is  researching  for 
NASA  the  nucleation  of  crystals  to  see  how  solids  are 
created  from  vapor  under  a  hard  space  vacuum  .  .  .  First 
inclusive  report  on  scientific  problems  in  probing  "The 
Atmosphere  of  Mars  and  Venus"  ($5)  is  being  issued  by 
the  National  Academy  of  Sciences  in  Washington. 

Army  Starts  TOW  Studies 

The  Army — hunting  for  an  Entac  follow-on — has 
awarded  three  $500,000  feasibility  studies  for  its  proposed 
TOW  wire-guided  antitank  missile.  The  studies  will  be 
conducted  by  Martin,  McDonnell  Aircraft  and  Hughes 
Aircraft. 

Neat  Trick 

A  quick-moving  General  Dynamics/ Astronautics  crew 
at  the  Cape  removed  an  engine  from  the  Atlas-Agena  B 
holding  the  Ranger  lunar  hard  landing  spacecraft  Jan.  22 
while  the  booster  was  upright  on  its  pad — and  replaced 
it  in  48  hrs.  The  maneuver — a  first — was  necessitated  by 
a  ruptured  diaphragm  which  leaked  fuel  into  the  insula- 

tion above  the  engine. 

INTERNATIONAL 

What  Did  Ivan  See? 

One  major  question  about  the  disputed  Bulgarian  air 
reconnaissance  of  a  southern  Italian  missile  base  is  the 
nature  of  the  installation.  The  missiles  have  never  been 

identified.  However,  they  apparently  are  Jupiter  IRBM's. 

Third  Space  Power  Sought 

West  European  space  programs  have  received  a 
strong  moral  boost  from  the  U.S.  House  of  Representa- 

tives. Chairman  George  Miller  of  the  House  Space  Com- 
mittee says  that  a  European  "third  force"  to  advance scientific  technology  in  competition  with  Russian  and  the 

United  States  is  essential  for  U.S.  security. 

Malenovsky  vs.  McNamara 
Soviet  Defense  Minister  Malenovsky  has  delivered 

Russia's  reply  to  Defense  Secretary  McNamara's  asser- tion that  the  U.S.  will  continue  to  maintain  a  survivable 
deterrent.  The  Marshal  said:  "With  one  nuclear  rocket 
blow  we  could  raze  off  the  face  of  the  earth  any  target, 
all  the  industrial  and  administrative  political  centers  of 
the  United  States  and  destroy  whole  countries  which  have 
lent  their  territories  for  American  military  bases.  .  ." 
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The  Missile  I Space  Week 

Shots  of  the  Week 

A  week  billed  by  the  press  as  the 
"greatest"  in  the  history  of  the  U.S. 
space  program  got  off  to  a  wobbly 
start. 

First,  NASA  was  forced  to  slip 
both  the  Ranger  lunar  hard-landing 
and  Mercury  manned  orbital  shots  set 
for  Jan.  22  and  Jan  23,  respectively, 
from  the  Cape. 

Then  the  Navy  fired  a  1500-mile 
Polaris  A-2  on  Jan.  23  which  failed 
when  the  second  stage  misfired. 

The  next  day:  more  misfortune. 

The  Navy's  first  attempt  at  orbiting 
its  Composite  I  payload  of  five  satel- 

lites failed  when  there  was  another 
second-stage  misfire — this  time  with 
a  Thor  AbleStar. 

The  Composite  I  payload  con- 
tained four  Navy  satellites:  A  58-lb. 

Solar  Radiation  IV  to  measure  X- 
ray  emissions;  a  58-lb.  Lofti  II  to 
study  radio  wave  propagation;  a  new 
Surcal  I  to  provide  precise  calibration 

for  the  Navy's  space  surveillance  and 
tracking  system;  and  a  59-lb.  Injun  II 
to  obtain  data  on  auroral  phenomena. 

The  fifth  satellite  was  a  new,  36-lb. 
device  of  the  Army  Engineers  to 
provide  range  calibration  data. 

All  the  satellites  dropped  into  the 
Atlantic  south  of  Cuba. 

By  week's  end,  NASA  was  still 
hoping  to  get  off  the  Ranger  and 
Mercury  flights. 

On  the  military  side  the  results 
were  better: 

An  Air  Force  SAC  crew,  in  a 
salvo  exercise,  fired  Titan  I  elevated 
from  a  silo  at  Vandenberg  AFB  on 
Jan.  20. 

On  Jan.  24,  a  Martin  Mace  B  was 
fired  from  a  prototype  hardened  site 
at  the  Cape  in  a  low-level  flight  test. 
The  bird  is  nearing  operational  status. 

Also  on  Jan.  24,  the  30th  test 
firing  of  an  Army  Martin  Pershing 
was  successfully  carried  out  at  the 

Cape,  testing  the  warhead's  fuzing and  arming  (see  story,  p.  15). 

JFK  Lauds  Sites  Cooperation 

President  Kennedy  said  last  week 
that  "every  missile-site  project  is 
expected  to  be  completed  on  time  or 

ahead  of  schedule"  because  of  the 
cooperation  between  labor,  manage- 

ment and  Government. 
His  remarks  were  in  a  letter  read 

by  Labor  Secretary  Goldberg  at  cere- 
monies presenting  certificates  of  merit 

for  early  completion  of  Atlas  bases. 
Goldberg  presented  the  certificates 

to  22  labor,  management  and  govern- 
ment members  of  missile-site  labor  re- 

lations committees  at  Forbes  AFB, 
Kan.,  and  Warren  AFB,  Wyo.  The 
Forbes  installation  was  completed 
three  weeks  ahead  of  schedule,  War- 

ren five  weeks  early. 

Artemis  Sonar  Work 

Reported  'Promising' 
Progress  is  reported  in  the  Navy's 

Project  A  rtemis  development  of  long- 
range  sonar. 

M.  W.  Johnson,  manager  of  Co- 
lumbia University's  Hudson  Labora- tories, describes  the  sonar  work  to 

date  as  "promising."  Hudson,  with 
a  $2.3-million  contract,  is  one  of  30 
research  groups  participating  in  Arte- 

mis for  the  Office  of  Naval  Research. 

The  project  is  directed  mainly  to- 
ward devising  equipment  and  tech- 

niques to  use  "sound  channels"  found in  the  ocean  to  locate  submarines  at 
remote  distances.  Hudson  is  working 
on  a  data-collection  system  that  will 
filter  significant  sounds  from  the 
ocean's  background  noise. 

Helping  in  this  work  is  a  high- 
frequency  sound  generator — as  tall  as 
a  five-story  building — which  can  be 
raised  and  lowered  into  the  sea.  It 
is  said  to  use  enough  electrical  power 
to  supply  a  town  of  50,000  people. 

Renegotiation  Extension  Bid 

Congress  is  being  asked  by  the 
Renegotiation  Board  to  extend  the 
Renegotiation  Act  for  another  four 
years.  The  present  law  is  due  to 
expire  on  June  30. 

Board  Chairman  Lawrence  Hart- 
wig  is  requesting  that  the  law  be  re- 

newed unchanged,  contending  that 

DOD  pricing  policies  still  "cannot  in all  cases  guarantee  against  excessive 

profits." 

Consideration  of  the  bill  is  ex- 
pected to  be  deferred  by  the  House 

Ways  and  Means  and  Senate  Finance 
Committees  until  June. 

Aerojet  Wins  $90-million  M-l  Award 
NASA  has  taken  another 

major  step  in  its  manned  lunar 
flight  program  with  the  award 
of  a  $90  million  contract  to 
Aerojet-General  Corp.  to  de- 

velop the  1.2-million-lb. -thrust 
M-l — a  hydrogen-oxygen  en- 

gine to  power  Nova  second 
stages  (M/R,  Jan.  1,  p.  10). 

Four  M-l  engines  will  be 
clustered  to  produce  a  total 
stage  power  of  4.8  million  lbs. 
Each  engine  will  measure  23 
ft.  in  length,  15  ft.  across  at 
the  nozzle  exit  and  consume 
85  tons  of  propellant  in  1  min. 

The  space  agency  also  said 
that  the  third  stage  of  Nova 
icill  be  powered  by  a  single 
hydrogen-oxygen  J-2  engine, 
which  produces  200,000  lbs. 
thrust  and  is  under  develop- 

ment by  the  Rocketdyne  Divi- 
sion of  North  American  Avia- 
tion, Inc.  The  first  stage  of 

Nova  already  has  been  fixed  at 

a  cluster  of  eight  Rocketdyne 
F-l  engines,  each  developing 
1.5  million  lbs.  thrust  and 

fueled  with  oxygen  and  kero- sene. 

In  awarding  the  M-l  con- 
tract to  Aerojet,  NASA  skipped 

its  usual  competitive  proce- 
dure. The  agency  said  Aerojet 

was  selected  "following  de- 
tailed discussions  with  aero- 
space companies  having 

considerable  experience  in 
large  liquid-fuel  engine  work. 
The  decision  was  made  on  the 
basis  of  technical  competence, 
lowest  cost  and  least  time  re- 

quired to  complete  the  work." 
The  engine — largest  of  its 

type — is  to  be  ready  for  opera- 
tional use  in  1965.  Aerojet  will 

perform  the  work  at  its  Sacra- 
mento plant.  NASA's  Marshall 

Space  Flight  Center  will  nego- 
tiate and  administer  the  con- 

tract. 
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ha/ftcraffers  Publishes  "Electronic  Warfare 

Spectrum"  Chart— Which  Instantly  Shows  the 

Newly-Revised  ECM  Frequency  Band  Authorizations! 

The  complex,  two-year  revision  of  the  defense  regu- 

lations entitled  "Performing  Electronic  Countermeas- 

ures  (ECM)  in  the  United  States  and  Canada"— pub- 
lished 7  September  1961— is  now  available. 

All  military  and  non-military  government  agencies  co- 
ordinated in  the  project.  Official  regulation  numbers 

are: 

AIR  FORCE  REGULATION  NO.  55-44 

ARMY  REGULATION  NO.  105-86 

OPNAV  INSTRUCTION  3430.9A 

NAVMC  1180  (REV  8-61) 

What  the  new  "regs"  cover 
They  contain  the  frequency  band  authorizations,  geo- 

graphical restrictions,  alerting  requirements,  and  in- 
flight procedures  that  govern  the  performance  of  active 

airborne  countermeasures  (ECM)  in  the  United  States 

and  Canada.  They  establish  a  procedure  for  the  local 
clearance  of  frequencies  for  ground  and  shipboard 

operations  plus  additional  in-flight  frequencies  not 
otherwise  authorized. 

Vital  to  all  services 

The  new  regulations  apply  to: 

A.  All  military  organizations  performing  in-flight 
ECM  operations  over  the  U.S.  and  Canada. 

B.  Civilian  contractors  performing  in-flight  ECM  op- 
erations over  the  U.S.— but  not  Canada— provided 

the  contractor  meets  the  following  criteria: 

1.  The  contractor  is  currently  under  a  military 
contract  that  requires  performance  of  in-flight 
ECM  operations. 

2.  The  ECM  equipment  to  be  used  by  the  con- 
tractor has  been  contracted  for  or  is  owned  by 

the  Government;  and 

3.  A  military  resident  representative  is  available 
to  supervise  the  contractor  on  the  use  of  the 
provisions  of  the  new  regulations. 

Hallicrafters  "Electronic  Warfare  Spectrum"  Chart  is 
22Vi  by  34Vi  inches  in  size,  and  is  printed  in  many 
colors— for  rapid  visual  scanning.  It  shows  the  "Elec- 

tronic Warfare  Operational  Bands  and  Channel 
Codes";  the  "International  Radio  Communication  Fre- 

quency and  Wavelength  Bands",  as  well  as  "Former 
Band  Designations". 
Hallicrafters  is  proud  to  offer  this  important  chart  as 
a  service  to  our  defense  forces  and  industry.  Write 
today  for  your  free  copy. 

haf/icraffers 
The  Hallicrafters  Co., 
5th  and  Kostner  Avenues 
Chicago  24,  Illinois 

(Note:  Please  staple  to  your  official 
department  or  corporate  letterhead) 

Attention:  Director,  Maintenance  &  Logistics  Division. 
Please  send  to  the  undersigned  a  copy  of  your  new  "Electronic  Warfare 
Spectrum"  Wall  Chart,  compliments  of  Hallicrafters. 
Name. _TitIe_ 

Business  or  Service  Address. 

Place_ 

Signature. 
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Look  to  United  Aircraft's 

CORPORATE 

SYSTEMS 

CENTER 

...  for  scientific  breakthroughs 

...  for  career  acceleration 

You  can  count  on  the  United  Aircraft  Systems  Engineering  Team  to  create 
and  develop  breakthroughs  in  advanced  inertial  guidance  systems  develop- 

ment, mobile  ballistic  missiles,  terminal  air  defense,  orbital  rendezvous 
and  other  advanced  areas.  The  UAC  is  accelerating  the  integration  of  its 

broad  technical  resources  and  R&D  capabilities  toward  the  "build-up"  of 
the  aerospace  industry's  most  effective  missile  and  space  group. 

Scientists  and  Engineers  who  want  to  advance  their  professional  growth 
and  technical  competency  will  find  it  advantageous  to  talk  with  Corporate 
Systems  Center  Representatives— positions  are  available  at  all  levels.  The 
pace  and  challenge  are  rugged  . . .  opportunities  for  personal  achievement 
and  advancement  unlimited. 

DESIGN,  ANALYSIS,  DEVELOPMENT  AND  RESEARCH 
Weapons  Effects 
Instrumentation 
Environmental  Factors 

Aerodynamics 
Celestial  Mechanics 
Computer  Design 
Computer  Programming 
Dynamics 
Electronics 

Positions  are  also  open  in: 

Mathematics 
Operations  Analysis 
Inertial  Guidance  Components 

in  such  areas  as: 

Propulsion Reliability 

Space  Research Structural  Design 
Space  Physics 
Thermodynamics 

Systems  Engineering 
Program  Planning 
Systems  Integration 

Manufacturing  Planning Marketing 

Please  submit  your  qualifications  to:  Mr.  A.  J.  Fehlber, 
Supervisor  of  Professional  and  Scientific  Placement. 

United 
_  .  CORPORATE  SYSTEMS  CENTER 

|  K^ITt  Windsor  Locks,  Connecticut An  Equal  Opportunity  Employer 



Due  in  field  this  year  .  .  . 

Pershing  Near  Production  Phase 

Program  estimated  to  cost  $1  billion  will 

give  Army  one  of  world's  most  mobile  big  systems 
by  James  Baar 

THE  PERSHING  missile  system 
production  line  is  about  to  begin 
moving. 

First  production  prototypes  are  ex- 
pected to  be  launched  from  Cape 

Canaveral  in  the  near  future;  the  first 
nuclear-tipped  operational  models  are 
expected  in  the  field  later  this  year. 

The  Army  and  Orlando  Aerospace 
Division  of  Martin  Marietta,  Pershing 
prime  contractor,  opened  the  final  phase 
of  the  R&D  program  Jan.  16  with  the 
successful  launching  of  the  first  all-but- 
tactical  Pershing.  (A  second  was  fired 
successfully  on  Jan.  24). 

The  lance-shaped  missile,  stripped  of 
its  usual  range  instrumentation  section, 
roared  down  the  Atlantic  Missile  Range 
farther  than  any  previous  Pershing.  The 
impact  point  was  unofficially  reported  to 
have  been  about  400  nautical  miles 
away — some  50  miles  more  than  the 
missile's  expected  operational  range. 

The  all-but-tactical  Pershing  looked 
exactly  like  the  late  R&D  models  ex- 

cept that  it  was  about  four  feet  shorter 
because  of  the  absence  of  the  range 
instrumentation  section.  The  new  model 
also  was  lighter. 

Earlier  R&D  models  have  undergone 

three  configuration  changes  involving 
either  the  second  stage  or  the  nose  cone. 

•  Fast  development — The  rapidly 
culminating  Pershing  R&D  program  is 
generally  considered  to  have  set  one  of 
the  best  records  in  the  history  of  U.S. missilery. 

Martin  received  the  prime  R&D  con- 
tract in  March,  1958.  The  first 

Pershing  was  delivered  for  testing  in  one 
year;  the  first  flight-test  took  place  in 
just  under  two — on  Feb.  25,  1960. 

Of  30  R&D  launchings,  26  have 
been  successful  —  including  the  last 
ten;  one  was  a  partial  success;  three 
were  failures.  The  last  failure  took  place 
in  May,  1961;  the  partial  success  in 
August,  when  a  malfunction  developed 
in  the  second  stage. 

All  Pershing  launches  have  been 

from  the  missile's  highly-mobile  TEL 
—  Transporter-Erector-Launcher.  The 
TEL  has  been  emplaced  either  on  a 
concrete  slab  or  on  the  missile's  tracked 
XM-474  prime  mover,  which  has  a 
maximum  speed  of  40  miles  an  hour. 

•  '62  forecast — Here  is  the  outlook 
for  the  Pershing  program  over  this  year: 

—The  missile  production  line  is  now 
being  set  up  at  the  Martin  Marietta 

plant  in  Orlando.  Prototype  production 
models  are  expected  to  be  launched 
within  the  next  few  months. 

—Training  of  Pershing  cadres  has 
been  under  way  since  September. 
Classes  for  Pershing  batteries  are  being 
set  up  at  the  Army  Ordnance  Guided 
Missile  School  at  Huntsville,  Ala.,  and 
the  Artillery  Missile  School  at  Fort  Sill, 
Okla.  Batteries — probably  four  to  a 
battalion — will  be  activated  at  Ft.  Sill. 

—Evaluation  tests  of  the  system  in 
the  field  under  various  conditions  have 
already  begun.  Testing  sites  tentatively 
include:  White  Sands  Test  Range, 
N.M.:  Aberdeen  Proving  Ground,  Md.; 
Alaska;  Eglin  AFB,  Fla.;  probably 
Panama;  possibly  Pt.  Arguello,  Calif. 

—Exact  deployment  dates  are  still 
highly  classified.  However,  the  first 
Pershing  batteries  are  expected  to  begin 
joining  U.S.  forces  in  Europe  before  the 
end  of  1962,  if  not  earlier.  Deployment 
unquestionably  could  be  speeded  if  the 
Cold  War  should  worsen. 

The  Army  has  given  no  public  in- 
dication to  date  as  to  how  many 

Pershing  batteries  it  plans  to  deploy 
over  the  next  several  years.  The  total 
planned  procurement  of  Pershing  bat- 

The  Missile: 
Length       about  30  ft. 
Diameter  40  in. 
Weight      Not  available 
Guidance  Inertial 
Propulsion  Solid  (two  stages) 
Warhead  Nuclear 
Range       about  350  n.  miles 

Principal  contractors:  Martin, 
prime/  Thiokol,  propulsion;  Bendix/ 
Eclipse-Pioneer  Division,  guidance; 

THE  PERSHING  SYSTEM 

Bu/ova  Research  &  Development 
Labs,  Inc.,  fuzing  and  arming;  (Col- 

lins Radio,  communications) 

The  Transporter-Erector- 
Launcher  (TEL): 

Length       about  19.3  ft. 
Width        about  6.5  ft. 
Height       about  8.6  ft. 
Weight      about  5800  lbs. 

Principal  contractor:  Thompson 

Ramo  Wooldridge 

The  Prime  Mover  (XM-474): 
Length 
Width 
Weight 

Speed 
Range 

18  ft. 8.3  ft. 
about  11,900  lbs. 

(fueled) 40  mph 

about  200  miles 

Principal  contractors:  FMC,  prime; 
Chrysler,  Allison,  engine 

R&D  LAUNCHINGS:  30  (26  successful;  1  partial;  3  failures) 

missiles  and  rockets,  January  29,  1962 

15 



PHOTO  SEQUENCE  shows  how  flight  models  of  Pershing  have 
developed  since  1960,  with  changes  in  second  stage  and  nose 

cone.  Note  how  range  instrumentation  section  (circled  in  third 
photo)  is  missing  from  all-hat-tactical  bird  (right). 

teries  by  West  Germany  and  possibly 
other  NATO  nations  also  remains  to  be 
determined. 

However,  it  is  clear  that  so  far  there 
are  no  signs  the  Defense  Department 
will  increase  the  long-planned  produc- 

tion rate  as  part  of  the  overall  limited 
war  build-up. 

The  Army  and  Martin  built  a  con- 
siderable capability  for  expanding  pro- 
duction into  the  Pershing  program. 

However,  no  order  to  expand  has  been 
given. 

•  Billion-dollar  program  —  To  date 
the  Army  has  awarded  a  total  of  about 
$155  million  in  production  contracts 
for  the  Pershing  system.  Of  this,  Mar- 

tin received  $128.7  million,  Bendix- 
Eclipse  $23  million  and  Universal 
Match  $2.5  million. 

Pershing  contracts  for  all  other 
phases  of  the  program  to  date  total 
$480.5  million.  That  brings  the  grand 
total  of  contracts  let  on  Pershing  so  far 
to  $635.5  million. 

Rough  estimates  considered  by  some 
to  be  conservative  put  the  final  total 
cost  of  the  program  from  inception  to 
full  deployment  at  more  than  $1  billion. 
About  half  of  this  will  be  the  cost  of  the 
R&D  effort. 

•  High  mobility  —  The  Pershing 
when  deployed  on  the  European  Cen- 

tral Front  will  confront  the  Soviet  Bloc 
forces  with  one  of  the  most  mobile 
major  missile  systems  in  the  world. 

All  of  each  Pershing  firing  unit — 
one  battery — will  be  able  to  move  on 
four  XM-474  tracked  vehicles.  One 
XM-474  carries  the  TEL  missile  minus 

the  warhead;  one  the  communications 
equipment;  one  the  power  and  fire  con- 

trol-check out  units;  and  one  the  nuclear 
warhead  and  spare  parts. 

The  tracked  vehicles  can  not  only 
move  overland  through  rough  country 
but  also  ford  water  three-and-a-half 
feet  deep.  They  can  be  rapidly  brought 
together  for  a  launching  and  rapidly 
dispersed  in  order  to  survive  on  a  nu- 

clear battlefield. 
In  a  recent  demonstration,  a  battery 

manned  by  an  eight-man  crew  including 
drivers  emerged  from  a  wooded  area, 
assembled  a  missile,  erected  it  for  firing 
and  assembled  all  other  equipment  in 
less  than  10  minutes. 

The  demonstration  did  not  include 
all  steps  necessary  for  launching.  But 
the  additional  steps  were  not  considered 
by  people  close  to  the  program  to  be 
particularly  lengthy  ones. 

The  Pershing  system's  mobility  has been  increased  still  further  by  designing 
it  for  transportation  by  helicopter  as 
well  as  fixed-wing  aircraft. 

An  entire  battery  with  the  exception 
of  the  prime  movers  can  be  transported 
by  YCH-1B  Chinook  helicopters.  More- 

over, batteries  can  be  resupplied  with 
missiles  by  Chinooks  and  with  spare 
parts  by  smaller  helicopters. 

This  tremendous  increase  in  mobil- 
ity can  best  be  appreciated  by  compar- 
ing Pershing  to  the  obsolescent  Red- 

stone that  it  has  been  developed  to 
replace.  Moving  a  Redstone  has  on 
occasion  been  compared  to  putting 
wheels  on  the  Pentagon. 

•  Low-budget  GSE — The  Pershing 
system  is  designed  to  enable  the  Army 
to  fight  a  sustained  nuclear  war  on  the 
ground.  The  battery  GSE  is  an  artillery 
piece  that  can  be  resupplied  with  shells 
with  relative  ease  over  a  highly-organ- 

ized logistics  line  stretching  back  to  the 
United  States. 

Because  of  this,  Pershing  has  broken 
from  the  missile-GSE  cost  trend  found 
in  the  current  procurement  of  major 
missile  systems.  The  Army  estimated 
that  more  than  70%  of  all  procurement 
funds  spent  on  the  Pershing  system  will 
be  spent  on  missile,  less  than  30%  on 
GSE. 

The  Army  estimate  is  based  on  GSE 
procurement  that  includes  all  equipment 
required  to  transport,  launch,  and  main- 

tain the  system  as  well  as  support  train- 
ing. The  estimate  does  not  include  heli- 

copters or  fixed-wing  aircraft. 
Technically,  the  future  possible  de- 

velopment of  Pershing  is  considered  to 
be  great — both  as  a  longer-range  battle- 

field weapon  and  as  a  possible  small  and 
easily  launched  space  booster.  However, 
neither  of  these  avenues  is  being  pur- 

sued actively  at  present,  either  by  the 
Army  or  the  Pershing  industrial  team. 

The  Army  has  been  forced  to  shelve 
proposals  to  develop  a  1 000-mile-range 
Pershing  II  by  the  Defense  Department 
decision  to  assign  the  development  of 
an  advanced  mobile  MRBM  by  the  Air 
Force. 

All  efforts  in  the  Pershing  program 
are  directed  toward  putting  the  first  bat 
teries  in  the  field  on  schedule. 
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In  classified  briefing  .  .  . 

McNamara  Spells  Out  5-Year  Plan 

CHAPTER  II  of  the  FY  '63  defense 
budget — a  166-page  highly  classified 
explanation — is  now  before  Congress. 

The  document,  presented  to  the  Sen- 
ate and  House  Armed  Services  Commit- 

tees by  Defense  Secretary  Robert  Mc- 
Namara, offered  far  more  illumination 

regarding  his  new  five-year  military  pro- 
gram than  did  the  original  budget. 

McNamara  also  used  his  appearance 
Jan.  19  to  renew  his  previous  pledges 
to  reform  Pentagon  procurement  prac- 

tices. He  reaffirmed  that  his  goal  is  to 
cut  costs  while  increasing  competition, 
broaden  the  defense  industry  and  make 
far  greater  profits  possible  (see  below). 

The  Secretary  testified  in  secret. 
However,  a  107 -page  censored  version 
of  his  statement  devoid  of  some  40 
pages  of  charts  still  yields  considerable 
insight  and  detail  of  both  the  FY  '63 
military  budget  and  the  overall  five-year 
plan. 

Here,  system  by  system,  are  the  key 
items  affecting  missile/space  programs: 

Strategic  Missiles 

Atlas — "It  may  be  desirable  later  on 
in  the  decade  to  start  phasing  out  some 
of  the  soft  Atlas"  bases.  (Four  Atlas 
squadrons  are  soft;  three,  semi-hard; 
six,  hard.) 

Minuteman — "Additional  squadrons 
will  be  procured  in  later  years"  beyond 
the  16  squadrons  —  800  missiles  — 
planned  through  the  FY  '63  budget 
request.  The  16-squadron  program 
"will  not  fully  utilize  the  production 
capacity  already  built,  (but)  we  still 
believe  we  should  complete  the  expan- 

sion of  production  capacity  started  last 
year  .  .  .  because  of  a  number  of  un- 

certainties .  .  ." 
Polaris — "It  is  difficult  to  justify 

a  Polaris  force  of  more  than  41  sub- 
marines." (The  statement  was  a  blow 

to  Navy  plans  for  construction  of  a  fleet 
of  45  to  50  Polaris  subs.)  The  budget 

requests  $44.5  million  "to  begin  con- 
struction and  equipping"  a  West  Coast 

Polaris  Depot  for  Polaris  subs  oper- 
ating in  the  Pacific.  (Plans  call  for  lo- 

cating it  at  Bangor  Naval  Weapons 
Depot,  Wash.)  About  another  $10  mil- 

lion is  requested  for  additional  training 
and  test  facilities  at  the  Charleston,  S.C., 
depot  and  at  Cape  Canaveral. 

B-70  Mach  3  bomber — The  budget 
requests  $171  million  for  continuing  the 
B-70  R&D  program  in  FY  '63— bring- ing to  $1.19  billion  the  total  sought  by 
the  Administration  to  date.  A  $  1 .3-bil- 
lion  R&D  program  with  no  production 
is  still  the  Administration  plan.  Air 

Force  proposals  to  reorient  the  B-70 
"to  a  reconnaissance  strike  vehicle  .  .  . 
obviously  will  require  a  great  deal  more 

study  .  .  ." Air/Space  Defense 
Nike-Hercules  —  The  budget  re- 

quests $105  million  for  additional  Nike- Hercules  missiles  to  increase  the 
strength  of  present  batteries.  The  new 
money  also  is  for  the  procurement  of 
more  of  the  improved  Nike-Hercules 
radars  and  associated  equipment. 

Nike-Ajax — There  are  still  19  bat- 
talions operated  by  the  Army  National 

Guard.  They  will  "gradually  be  phased 

out." 

Nike-Zeus — "Well  over  $1.1  billion 
has  been  budgeted  for  this  (R&D)  pro- 

gram through  FY  '62  and  a  substantial 
sum  is  being  requested  for  FY  '63." 
However,  "because  of  serious  questions 
as  to  the  practicality  of  the  Nike-Zeus 
system,  we  arc  not  recommending  funds 
for  its  procurement  and  deployment  at 

this  time." 
SPADATS  —  "Substantial  funds 

were  allocated  to  the  Space  Detection 

and  Tracking  System  in  FY  '62  and  an increased  amount  is  included  in  this 
budget  .  .  .  These  funds  will  support 

(Continued  on  page  39) 

How  Pentagon  Intends  to  Overhaul  Procurement  Practices 

Defense  Secretary  McNamara's  plan  to  increase  com- 
petition in  defense  procurement: 

"ADVANCE  PLANNING:  Detailed  planning  is  being  initiated  dur- 
ing the  early  design  and  development  of  an  item  to  assure  that 

the  prerequisites  for  competition  are  anticipated  and  fully  pro- 
vided for.  Steps  have  been  taken  to  prevent  noncompetitive  pro- 

curement resulting  from  failure  to  contract  for  the  timely  deliv- 
ery of  technical  data,  failure  to  enforce  such  contract  provisions, 

failure  to  inspect  the  data  furnished  and  assure  that  it  is  of 
suitable  quality,  or  failure  to  make  appropriate  use  of  the  data 
now  being  furnished  or  which  the  Government  already  possesses. 

"REVIEW  OF  CONTRACTS  AND  PLANNED  PROCUREMENTS — Pro- 
posed noncompetitive  contracts  are  being  subjected  to  more 

stringent  review  at  higher  levels  to  determine  whether  the  lack  of 
competition  is  justified  and,  if  so,  to  ascertain  whether  the  factors 
responsible  can  be  eliminated  in  time  to  permit  competition  for 
subsequent  orders. 

"BREAKOUT — Increased  emphasis  is  being  placed  on  breaking 
out  from  weapons  systems  those  individual  components  and  parts 
that  can  be  bought  competitively. 

"PUBLICITY — We  have  revised  our  regulations  to  require  all 
procurements  over  $10,000,  with  very  few  exceptions,  to  be  sum- 

marized in  the  Commerce  Business  Daily.  This  gives  interested 
firms  who  might  otherwise  not  be  known  to  us  an  opportunity  to 
learn  of  these  procurements  and  to  participate. 

"LIMITATION  OF  QUANTITY  ON  INITIAL  PRODUCTION — In  early 
production  contracts  in  which  competition  is  determined  to  be 
impracticable,  we  are  stressing  the  purchase  of  the  minimum 
quantity  consistent  with  economy  and  military  necessity  (includ- 

ing test,  evaluation,  and  standardization  of  design)  in  order  to 
maximize  the  size  of  subsequent  quantities  purchased  com- 
petitively. 

"IMPROVED  STATISTICAL  REPORTING — We  have  revised  our  sta- 
tistical reporting  system  to  give  more  and  better  data  on  the 

trends  in  competitive  and  noncompetitive  procurement.  This  in- 
formation will  help  us  identify  the  causes  of  noncompetitive  pro- 

curement and  enable  us  to  take  the  necessary  corrective  action. 
"SPECIAL  ATTENTION  TO  PROCUREMENT  OF  REPAIR  PARTS — A 

special  effort  is  being  made  in  the  procurement  of  aeronautical 
replacement  spare  parts.  If  our  goal  of  30%  competitive  pro- 

curement can  be  attained,  a  savings  in  the  order  of  $50  million 
annually  is  anticipated.  A  test  of  new  procedures  is  now  under 
way  at  three  of  our  major  inventory  control  points  which 
manage  aviation  spare  parts.  After  adequate  testing  these  pro- 

cedures will  be  applied  throughout  the  Department. 
"COMPETITION  IN  SUBCONTRACTING — Much  of  industry,  per- 

haps to  a  greater  extent  than  Government,  has  traditionally  relied 
on  sole-source  rather  than  competitive  subcontract  procurement. 
By  means  of  subcontract  reviews,  approval  of  make-or-buy  pro- 

grams, and  surveys  of  contractors'  purchasing  systems,  we  are 
closely  scrutinizing  industry  practices  to  ensure  that  competitive 
subcontracting  is  utilized  to  the  maximum  practicable  extent." 
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17  months  behind  Soviets  .  .  . 

18-Orbit  Mercury  Shot  Off  Until  '63 

PREPARING  FOR  delayed  launch.  Astronaut  John  Glenn  runs  through  preflight 
rehearsal  of  his  entrance  from  top  of  gantry  tower  into  MA-6  capsule. 

by  Hal  Taylor 

Cape  Canaveral — The  first  attempt 
at  an  18-orbit  manned  Mercury  flight  is 
slipping  into  1963. 

This  means  that  the  United  States 
will  be  at  least  1 7  months  behind  Russia 
in  achieving  a  manned  spaceflight  of 
more  than  24  hrs.  (Soviet  Air  Force 
Maj.  Gherman  Titov  flew  XlVz  orbits 
in  Vostok  11  on  Aug.  6,  1961.) 

NASA  officials  disclosed  the  new 
delay  in  the  program  as  technical  prob- 

lems continued  to  plague  the  first  U.S. 
attempt  at  placing  a  man  into  orbit  last 
week.  Moved  back  several  times,  MA-6 
— which  was  to  carry  Marine  Lt.  Col. 
John  Glenn  into  a  maximum  3-orbit 
flight — ran  into  new  last-minute  prob- 

lems with  a  faulty  oxygen  demand  reg- 
ulator and  a  hose.  Project  engineers 

said  tests  showed  this  part  of  the  system 

might  have  caused  "excessive"  oxygen 
consumption  if  the  capsule  suddenly 
lost  pressure  in  space. 

As  M/R  went  to  press  the  flight, 
previously  scheduled  for  Jan.  24,  had 
been  reset  for  Jan.  27  barring  bad 
weather  or  further  technical  difficulties. 

The  pre-launch  gloom  was  further 
deepened  by  the  failures  of  a  Polaris 
A-2  and  the  Navy's  5-in-l  Composite  1 satellite  shot  (see  Shots  of  the  Week, 
p.  12). 

•  Late  '62  delivery — News  of  the 
slippage  in  the  18-orbit  flight  program 
was  disclosed  at  the  same  time  NASA 
officials  reported  that  they  now  expect 
the  first  Mercury  capsule  modified  for 
these  longer  flights  to  be  delivered  late 
this  year.  Earlier,  the  first  18-orbit 
flight  had  been  scheduled  for  the  fourth 
quarter  of  1962. 

Preflight  checkout  and  minor  tech- 
nical problems  which  are  almost  certain 

to  be  encountered,  NASA  officials  say, 
are  likely  to  push  the  day-long  flight 
into  1963. 

Just  as  in  the  current  Mercury  3- 
orbit  series,  NASA  has  scheduled  four 
18-orbit  flights.  But  also  as  in  the  cur- 

rent series,  if  the  first  two  launches  are 
successful,  it  is  likely  that  the  remainder 
will  be  dropped. 

The  modification  by  McDonnell 
Aircraft  Corp.  involves  the  creation  of 
more  space  within  the  capsule  for  an 
enlarged  environmental  control  system 
which  provides  the  spacecraft  cabin  and 
the  astronaut  with  a  100%  oxygen  en- 

vironment to  furnish  breathing,  ventila- 

tion and  pressurization  gas  during  flight. 
The  system  is  completely  automatic 

and  consists  of  two  individual  control 
circuits  (the  cabin  circuit  and  the  suit 
circuit)  which  are  pegged  to  operate  for 
about  28  hours. 

This  is  far  more  than  is  necessary 
to  support  the  MA-6  flight,  which  was 
to  last  no  more  than  4%  hours.  It  is 
very  marginal,  however,  in  terms  of  an 
18-orbit  flight. 

Accordingly,  NASA  officials  have 
decided  to  remove  the  periscope  and 
back-up  tape  recorder  from  the  capsule. 
The  additional  room  within  the  capsule 
will  be  used  to  house  additional  bat- 

teries and  oxygen  to  provide  far  more 
than  the  required  life  support  for  the 
18-orbit  mission. 

•  Saturn  pad  —  Meanwhile,  Mis- 
siles and  Rockets  also  learned  that 

NASA  is  preparing  to  award  some  $170 
million  in  contracts  during  Fiscal  1963 
for  construction  at  Cape  Canaveral  of 
its  Advanced  Saturn  (C-5)  launch  com- 

plex. The  facility  will  use  a  two-mile-long canal  to  transport  the  large  launch  vehi- 
cle from  the  vertical  assembly  building 

(VAB)  to  launch  site.  The  C-5  will  be 
carried  on  barges  32  ft.  high,  100  ft. 
wide  and  150  ft.  long. 

Besides  the  barge  award,  contractors 
will  also  be  selected  for  construction  of 

the  vertical  assembly  building  and  a 
cryogenics  facility. 

The  barge  contract  will  probably 
involve  three  separate  contractors — one 
for  the  barge  itself,  one  for  the  arms 
which  will  secure  the  vehicle,  and  an- 

other for  the  umbilical  tower  which 
will  be  used  during  launch  preparations. 

There  still  has  been  no  decision  as  to 
the  number  of  barges  which  will  be  re- 

quired. NASA  officials  say  the  mini- 
mum number  is  four,  but  it  is  likely  that 

six  or  eight  will  be  required. 
The  final  number  will  depend  on  the 

number  of  bays  in  the  VAB  because  one 
barge  will  be  required  for  each  bay. 

The  C-5  complex  will  have  three 
launch  sites.  The  self-propelled  barge 
will  move  through  the  canal  to  the  site 
and  the  big  booster  will  be  fired  directly 
from  it.  Each  launch  site  will  have 
cryogenic  facilities  capable  of  storing  all 
of  the  propellants  required  by  one  of 
the  giant  vehicles.  There  will  also  be  a 
facility  for  the  manufacture  of  liquid 
oxygen. 

•  20-30  shots  per  year — Contracts 
for  the  construction  of  the  VAB  will  be 
awarded  for  NASA  by  the  Army  Corps 
of  Engineers.  In  addition  to  bays  for 
assembling  the  five-F-1  -engine  first 
stage,  it  will  also  have  bays  for  the  S-II 
second  stage  and  the  S-4B  third  stage. (Continued  on  page  36) 
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ace  medicine 

Capsule  Built  for  Circulation  Study 

by  Heather  M.  David 
THE  NATIONAL  Aeronautics  and 

pace  Administration  is  constructing  a 
rototype  primate  satellite  to  determine 
he  effects  of  spaceflight  on  the  circula- 
pry  system  and  heart. 

Great  concern  has  been  expressed 
>y  physicians  that  continuous  exposure 
.o  weightlessness  might  significantly 
liter  the  functioning  of  the  circulatory 
;ystem.  They  fear  these  changes  might 
3e  dangerous  or  fatal  to  the  astronaut 
upon  re-entry  or  return  to  normal 
gravity. 

The  NASA  project  aims  to  develop 
a  technique  to  study  the  blood  circula- 

tion of  primates  before,  during  and  after 
sojourns  of  up  to  14  days,  in  an  earth- 
orbiting  satellite. 

According  to  project  head  Prof. 
Nello  Pace  of  the  University  of  Cali- 

fornia, there  are  lines  of  evidence  which 
indicate  that  weightlessness  may  have 
far-reaching  consequences: 

1 )  Test  results  of  healthy  young 
men  who  were  forced  to  stay  in  bed 
for  three  to  four  weeks.  The  most  strik- 

ing finding  was  a  marked  deterioration 
of  cardiovascular  function  and  clear 
evidence  of  reduced  heart  size.  Dr.  Pace 
likens  the  effect  of  bed  rest  to  weight- 
lessness. 

2)  The  Russian  dog  Laika's  pulse 
rate  took  substantially  longer  to  stabi- 

lize after  takeoff  of  Sputnik  II  than  it 
did  in  comparable  preflight  centrifuge 
experiments  on  the  same  animal. 

3)  Experiments  in  high-speed  air- 
craft showed  that  if  weightlessness  ma- 

neuvers were  avoided,  recovery  from 
blackout  (from  high  g  loads)  was  more 
rapid.  Pace  said  that  both  these  reac- 

tions implied  a  sluggishness  in  the  re- 
sponse of  the  homeostatic  mechanisms 

which  regulate  the  circulation  of  the 
blood. 

In  addition,  studies  of  chronic  ex- 
posure of  animals  to  increased  accelera- 

tive  forces  show  that  substantial  changes 
occur.  It  would  not  be  unreasonable 
to  expect  that  changes  might  also 
occur  during  prolonged  exposure  to  less 
than  1  g. 

•  Research  vehicle  —  The  NASA 
capsule  is  being  designed  and  built  by 

a  group  at  the  University  of  California. 
It  will  accommodate  a  trained,  re- 

strained primate  such  as  a  pig-tailed 
macaque  or  a  young  chimpanzee. 

It  will  contain  apparatus  necessary 
for  measuring  heart  rate,  systolic  and 
diastolic  arterial  blood  pressure,  great 
vein  blood  pressure  and  cardiac  out- 

put. Electrocardiogram,  respiratory  rate 
and  body  temperature  also  will  be 
monitored. 

The  Technical  Support  Directorate 
of  the  Pacific  Missile  Range  at  the  U.S. 
Naval  Missile  Center,  Point  Mugu, 
Calif.,  is  carrying  out  engineering  design 
and  construction  of  the  mechanical  sys- 

tem, under  subcontract  with  the  Bio- 
Science  Office  of  the  Pacific  Missile 
Range. 

The  measurement  technique  was  de- 
scribed at  the  American  Astronautical 

Society  Lunar  Flight  Symposium  at 
Denver  Dec.  29.  Pace  told  the  group 
that  the  key  was  to  measure  volume 
output  rate  of  the  heart,  and  simul- 

taneously measure  arterial  blood  pres- 
sure and  heart  rate. 

To  make  this  measurement,  a  dye 
is  injected  at  or  very  near  the  blood  in- 

take point  of  the  heart.  Then  measure- 
ment is  made  to  find  the  average  con- 

centration of  the  dye  in  the  arterial 
blood  as  it  leaves  the  heart.  Thus  the 
amount  of  blood  which  was  pumped  by 
the  heart  can  be  computed  by  deter- 

mining the  amount  that  the  dye  has 
been  diluted. 

This  technique  has  been  made  au- 
tomatic to  a  great  extent  by  the  Califor- 

nia group,  with  instruments  developed 
mostly  by  Dr.  J.  T.  Hansen,  Assistant 
Research  Physiologist.  The  group  has 
successfully  experimented  for  two  years 

with  dogs  at  UC's  White  Mountain  Re- search Station. 
Pace  said  that  it  is  feasible  to  use 

the  study  method  in  earth-orbiting  ve- 
hicles. He  also  noted  that  the  use  of 

catheters  in  the  arteries  and  veins  of 
the  animal  would  make  it  possible  to 
get  a  direct  blood  pressure  reading. 

•  Brain  monitoring  —  A  UCLA 
medical  center  physician  (and  PH.D.) 
said  that  a  tremendous  volume  of  valu- 

able information  is  going  to  waste  be- 
cause the  U.S.  does  not  monitor  the 

electroencephalogram  (brain  waves)  of 
its  manned  flight  astronauts.  Dr.  W.  D. 
Winters  of  UCLA's  Space  Biology  Lab- 

oratory said  that  the  Russians  have 
found  this  technique  quite  valuable. 

Winters  said  that  the  use  of  EEG 
measurement  would  enable  ground  phy- 

sicians to  continuously  evaluate  the 
conscious  and  unconscious  states  of  as- 

tronauts. The  standard  measurements, 
respiration  rate,  electrocardiogram, 
pulse,  etc.,  will  not  adequately  differ- 

entiate between  blackouts  and  sleep,  or 
show  small  seizures. 

The  UCLA  group  is  developing 
techniques  for  the  use  of  stable  im- 

movable scalp  electrodes  for  manned 
spaceflight.  It  also  has  developed  im- 

planted electrodes  for  the  brains  of  cats 
and  monkeys.  These  electrodes  did  not 
appear  to  cause  any  brain  damage  or 
affect  the  animals  in  any  degree. 

Some  of  the  uses  of  EEG  in  space- 
flight would  be: 

1 )  Distinguish  between  blackout  and 
sleep. 

2)  Indicate  the  widespread  epileptic 
seizure  discharges  during  blackout  ac- 

celerations. Indications  of  a  seizure 
would  account  for  disorders  of  judg- 

ment occurring  at  this  time. 
3)  Indicate  the  effect  of  ionizing 

radiations.  The  temporal  lobe  regions 
of  the  brain  apparently  show  a  differen- 

tial susceptibility  to  ionizing  radiations. 
Results  of  a  14-day  simulated  moon 

journey  were  given  as  an  example  of 
the  value  of  EEG.  During  part  of  the 
test,  the  monkey  was  very  inattentive 
and  made  a  number  of  mistakes  in  his 
psychomotor  tests.  Since  there  was  no 
alteration  in  electrical  brain  activity,  the 
researchers  were  able  to  rule  out  central 
nervous  system  disorganization  or  seiz- 

ure activity.  They  were  able  to  attribute 
his  poor  performance  to  inattention. 

The  researchers  told  the  AAS  that 
the  technique  of  implantation  of  elec- 

trodes in  animals  can  be  made  suffi- 
ciently rugged  to  withstand  the  rigors  of 

repeated  high  centrifugal  loads  and 
shaking  stresses.  They  said  that  after 
many  months  of  repeated  centrifuging. 
the  animals  had  no  displacement  or 
damage  from  electrodes  in  the  brain.  H 
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H MICRO    SWITCH    Precision  Switches 

HERMETICALLY-SEALED  SUBMINIATURE  SWITCH  INTERCHANGEABLE 

WITH  EXISTING  SUBMINIATURE  SWITCHES  (MS  25085-1) 
The  new  MICRO  SWITCH  "HM" 
Series  was  developed  primarily  for 
military  applications,  such  as  mis- 

siles, rockets,  spacecraft  and  elec- 
tronic equipment.  It  is  interchange- 

able with  existing  (MS  25085-1)  sub- 
miniature  switches  in  size,  mounting,  and  characteristics. 
Designed  for  use  with  standard  auxiliary  actuators  and  in  push- 

button, toggle  and  rotary-actuated  switch  assemblies.  Meets 
explosion-proof  requirements  of  MIL-E-5272. 

Temperature  Range:  The  case  is  welded  or  high-tempera- 
ture brazed  to  assure  reliability  and  long  life  of  the  switch  in 

temperature  ranges  from  —300°F  to  +250°F. 
Hermetic  Seal:  The  seal  at  the  actuator  diaphragm  and 

MICRO  SWITCH,  FREEPORT,  ILLINOIS 
A  Division  of  Honeywell 

In  Canada:  Honeywell  Controls,  Limited,  Toronto  17,  Ontario 

around  the  mounting  holes  is  by  metal-to- metal  fusion.  The 
terminals  seal  is  glass-to-metal.  This  provides  a  true  hermetic 
seal.  The  switching  element  chamber  is  evacuated,  filled  with 
inert  gas,  sealed,  then  checked  by  a  mass  spectrometer. 

Corrosion  Resistant:  Stainless  steel  construction  of  all  ex- 
posed parts  meets  corrosion  resistant  requirements  ofMIL-S-6743. 

Circuit:  Contact  arrangement  is  single-pole  double-throw. 
Rating:  Electrical  rating  is  3  amps  inductive  and  5  amps 

resistive  at  28  vdc.  Especially  suitable  for  low-energy  circuits 
and  for  long  shelf-life  requirements.  Minimum  mechanical  life 
is  25,000  operations. 
MICRO  SWITCH  manufactures  a  complete  line  of  sealed 

switches.  For  details,  call  your  nearby  MICRO  SWITCH  Branch 
Office.  Or  write  for  Catalogs  77  and  78  and  Data  Sheet  192. 

If  Honeywel
l MICRO  SWITCH  Precision  Switches 
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Technical  Countdown 

SUPPORT  EQUIPMENT 

British  To  Build  Two  Radio  Telescopes 

The  British  government  has  approved  construction  of 
two  radio  telescopes  for  space  research — one  at  Jodrell  Bank 
and  the  other  at  Cambridge.  The  Jodrell  dish,  125  ft.  across, 
will  be  used  in  conjunction  with  the  250-ft.  telescope  to 
determine  the  exact  source  of  radio  emissions  from  space. 
The  Cambridge  telescope  will  consist  of  three  52-ft.  dishes 
— two  of  which  will  be  fixed,  the  third  rail-mounted.  It  will 
be  used  to  examine  the  intensity  of  radio  sources  in  a  lim- 

ited part  of  the  sky.  Expected  to  be  operational  by  1964, 
the  telescopes  are  being  constructed  under  grants  from  the 
British  Department  of  Scientific  and  Industrial  Research. 

Rocket-Armed  Helicopters  Being  Tested 
Under  the  overall  direction  of  the  Transportation  Corps 

and  the  technical  management  of  the  Army  Ordnance  Missile 
Command,  the  Army  is  conducting  a  test  program  of  aircraft 
armament  for  helicopters.  Using  the  Bell  HU1-B.  AOMC 
engineers  have  mounted  two  weapons  pods  (one  on  each 
side  of  the  helicopter  body)  with  24  2.75-inch,  folding-fin 
aircraft  rockets  in  each  pod.  The  rockets  can  be  fired  in 
pairs — giving  the  pilot  a  capability  of  24  shots. 

ELECTRONICS 

EOS  Developing  Improved  Solar  Cell 
A  solar  cell  which  will  withstand  the  radiation  effects  of 

space  is  under  development  by  Electro-Optical  Systems,  Inc. 
The  cell,  expected  to  have  an  efficiency  of  1 1  %  or  better, 
will  have  a  graded  base  structure — the  doping  more  dense 
at  one  end  of  the  cell  than  the  other — as  the  principal 
means  of  overcoming  the  effects  of  radiation  damage. 

Low-Temperature  Fuel-Cell  Under  Development 

An  ARPA-Army  sponsored  research  contract  has  been 
awarded  to  the  Esso  Research  and  Engineering  Co.  for  work 
on  an  advanced,  low-temperature  fuel-cell.  Designed  to  use 
methanol  or  ethylene  glycol  for  fuel,  air  as  oxidant,  and  an 
electrolyte  which  rejects  the  products  of  reaction,  the  fuel- 
cell  system  also  operates  at  essentially  atmospheric  pressure 
and  does  not  require  replacement  or  regeneration  of  the 
electrolyte. 

Thiokol  S&A  Device  Proven  Reliable 

An  electromechanical  safe  and  arm  device  designed  and 
developed  by  Bristol  Division,  Thiokol  Chemical  Corp.  for 
the  Air  Force's  Titan  II  destruct  system  has  successfully 
completed  flight  certification  tests,  according  to  company 
officials.  Remotely  actuated,  the  safety  device  is  reported 
to  have  a  firing  reliability  of  better  than  0.999975  at  a  95% 
confidence  level. 

Ultrasonic  Sound  Rendered  Audible 

Sound  in  the  ultrasonic  range  can  be  picked  up  and 
converted  to  the  audible  range  with  a  unit  that  simultane- 

ously rejects  all  audible  background.  The  devices,  manu- 
factured by  Delcon  Corp.,  are  designed  to  detect  minute 

leaks  in  pressure  vessels. 
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Arnold  Tunnel  Gets  Power  Supply 

A  100-million  joule  d-c  pulse  generator  is  in  operation 
at  the  Air  Force's  von  Karman  Gas  Dynamics  facility, 
Arnold  Engineering  Development  Center.  The  GE  unit  will 
power  a  large  hypersonic  wind  tunnel  designed  to  test  full- 
sized  nose  cones  and  other  large  vehicle  components. 

Automatic  Microwave  Interferometer  Perfected 

General  Dynamics/Pomona  has  developed  an  automatic 
microwave  interferometer  that  reduces  the  time  needed  to 
measure  phase  shifts  through  a  radome.  The  unit  can  be 
adapted  to  check  microwave  phase  shift  versus  any  variable 
and  to  measure  continuous  data  for  a  full  360°  in  only  20 seconds. 

ADVANCED  MATERIALS 

Aluminum-Fiberglass  Cases  Developed 
High-strength  aluminum  reinforced  by  fiberglass  is  the 

newest  technique  being  advanced  in  the  solid-rocket  pres- 
sure-vessel area.  Martin  Marietta  engineers  say  the  one- 

piece  design  would  save  tens  of  millions  of  dollars  in  current 
missile  systems  alone.  The  method  is  also  being  suggested 
for  the  large  solid-booster  concept. 

G-D  Applying  Air  Bearings  to  Plant  Operations 
Loads  up  to  15,000  lbs.  can  be  moved  with  a  single- 

finger  push  at  General  Dynamics/Astronautics  plant.  The 
bearings  are  being  used  to  move  massive  equipment,  to  carry 
straight-line  welders,  as  part  of  weightlessness  studies,  and 
as  protective  cushioning  in  forming  operations.  Operating 
cost  of  the  equipment  is  low — moving  an  1800-lb.  machine 
continuously  during  an  eight-hour  shift  runs  to  2.5c1. 

Polaris  Bagged  in  Flight 

A  heavy-duty  nylon-webbed  net  is  being  used  by  Lock- 
heed to  snare  advanced  versions  of  the  Navy's  Polaris  missile 

in  mid-air.  The  huge  bag  captures  the  15-ton  IRBM  as  it 
breaks  from  the  water  after  being  launched  from  Lockheed's submerged  tube. 

SPACE  MEDICINE 

Acceleration  Cuts  Astronaut's  Visibility 
Cornell  Aeronautical  Laboratory  scientists  have  estab- 

lished a  definite  relationship  between  acceleration  and  an 
individual's  visual  perception  of  brightness.  Four  back- 

ground brightness  levels  were  studied.  Under  normal  condi- 
tions, subjects  required  an  average  of  9%  contrast  to  see  the 

light  spot.  A  5-g  force  in  the  head-to-nape  direction  in- 
creased this  to  1 1  %  and  the  same  force  in  the  head-to-foot 

direction  raised  the  level  to  17%.  Oxygen  intake  may  reduce 
or  eliminate  these  losses. 

Enos  Hypertense  in  Flight 
A  blood-pressure  recording  device  developed  by  the 

University  of  Southern  California  definitely  establishes  that 
the  orbiting  chimp  was  hypertense  at  the  start  of  his  trip. 
The  condition  lasted  until  his  recovery,  but  did  not  seem  to 
interfere  with  his  performance  in  spite  of  the  malfunction  of 
the  shock-penalizing  system. 
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THE  QUIET  MEN 

Today,  we're  united  in  one  of  the  hardest  fought  crusades  the  world  has  ever  seen 
—  the  all-out  assault  on  every  frontier  of  scientific  knowledge.  Yet  the  beginnings  of 
these  ventures  are  not  marked  with  fanfare.  The  battles  and  victories  are  often  fought 
and  won  in  complete  loneliness  by  a  single  man ...  or  by  groups  of  men  sharing  their 
knowledge.  From  their  quiet  yet  unrelenting  research  efforts  come  the  theories  that  one 
day  make  the  headlines. 

Never  before  have  such  men  been  so  needed;  never  before  has  their  stimulus 
been  so  great;  never  before  have  their  findings  been  so  significant. 

Our  nation's  investment  in  military  and  scientific  research  alone  is  already  yielding 
dividends  in  terms  of  America's  economic  growth.  Many  of  the  new  jobs,  products, 
services,  and  even  industries  that  today  loom  large  on  the  American  scene  are  the 
fruits  of  ideas  put  to  work  in  the  last  decade. 

Since  its  earliest  days,  America's  aviation  industry  recognized  the  significance  and! 
need  for  extensive  research  activities.  Today  the  aviation  industry  is  better  known  as! 



the  aerospace  industry.  No  longer  is  it  known  only  for  its  leadership  in  aircraft;  it  is 
now  recognized  as  a  dynamic  force  in  many  other  fields:  chemistry ...  computers .. . 
nuclear  energy .  .  .  communications  .  .  .  life  sciences  .  .  .  electronics  .  .  .  propulsion  .  .  . 
naval  technology . . .  navigation. 

Through  this  research  and  diversification,  the  aerospace  industry  is  contributing  to 

the  advance  of  the  Free  World's  scientific  progress.  And  here  — as  in  all  American 
industry  — the  quietest  roles  are  often  played  by  the  men  of  science  whose  accomp- 

lishments are  bettering  the  lives  of  all. 
These  are  the  men  of  research  . . .  the  men  whose  vocabulary  does  not  include  the 

word  "impossible." 
These  are  the  quiet  men. 

North  American  Aviation  is  at  work  in  the  fields  of  the  future  through  these  six  divisions:  Atomics 
International,  Autonetics,  Columbus,  Los  Angeles,  Rocketdyne,  Space  &  Information  Systems. 
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advanced  materials 

Ultrasonic  Conquering  Refractories 

Vibration  welding  process  can  join  all 

high-temp  materials;  thickness  capability  grows 
by  John  F.  Judge 

West  Chester,  Pa.  —  Ultrasonic 
welding  is  being  actively  pushed  by  the 
Air  Force  as  the  best  approach  to 
joining  superalloys  and  the  refractory 
metals. 

H.  L.  McKaig,  Jr.,  Manager  of  Ad- 
vanced Technology  at  Aeroprojects 

Inc.,  says  the  state  of  the  art  in  the 
process  is  well  beyond  thin-foil  applica- 

tions. Ultrasonic  welding  is  now  at  a 
point  where  it  can  handle  most  of  the 
structural  gages  being  considered  for 
space  use. 

The  firm  currently  has  an  Air  Force 
contract  to  continue  development  in  the 
welding  process.  Recently,  the  Air 
Force  Space  Systems  Division  requested 
Aeroprojects  to  stage  a  presentation  on 
ultrasonic  welding  for  over  150  repre- 

sentatives from  West  Coast  contractors. 
All  of  the  refractories  have  been 

welded  and  the  firm  has  volumes  of  data 
available  to  back  this  claim. 

•  Process  underestimated  —  These 
developments  are  at  variance  with  the 
findings  of  a  report  currently  being 
circulated  by  the  Office  of  Technical 
Services  of  the  Business  and  Defense 
Services  Administration. 

The  report  concludes,  among  other 
things,  that  research  into  ultrasonic 
welding  of  heat-resistant  metals  ".  .  . 
appears  to  preclude  the  use  of  the  ultra- 

sonic welding  process  for  reliable 

welds". 
This  conclusion  was  reported  in  this 

magazine  (M/R,  Dec.  11,  p.  21)  and 
is  appearing  in  other  publications. 

Results  of  the  investigation,  con- 
ducted by  the  Battelle  Memorial  Insti- 

tute under  Air  Force  sponsorship,  were 
published  about  a  year  ago.  Aeroproj- 

ects experts  feel  the  conclusions  were 
somewhat  overly  pessimistic. 

Many  of  the  controversial  material 
combinations  investigated  at  Battelle 
have  been  welded  by  Aeroprojects. 

The  firm  is  now  working  on  welds 
up  to  0.10  in.  thick  in  tungsten,  and 
equipment  is  being  developed.  Aero- 

projects holds  most  of  the  basic  patents 
in  the  field  and  the  majority  of  improve- 

ment issues.  Product  and  processes  are 
included  in  these  patents.  The  process 
is  an  established  success  in  the  elec- 

tronic component  fields. 
o  Untapped  potential  —  The  vast 

majority  of  improvements  in  the  art  of 
welding  have  come  about  in  either  ther- 

mal energy  control  or  atmospheric  con- 
trol, or  both.  The  pinnacle  is  probably 

the  development  of  electron  beam  weld- 
ing —  reaching  almost  atom-by-atom 

control  in  a  vacuum. 
Ultrasonic  welding  avoids  both 

problems.  In  most  metals  there  is  no 
thermal  condition  effect  and  atmosphere 
has  no  bearing.  This  is  not  to  say  that 
no  new  problems  are  created — Aero- 
project  experts  readily  point  to  many 
obstacles,  but  these  do  not  appear  to  be 
fundamental  to  the  process. 

Ultrasonic  welding  is  basically  a 
process  for  joining  metals  by  introduc- 

ing high-frequency  vibratory  energy 
into  overlapping  workpieces.  A  brief 
transmission  of  this  energy  into  a  work- 
piece  under  moderately  low  static  force 
will  produce  a  sound  metallurgical bond. 

This  joint  is  effected  without  fluxes 
or  filler  metals,  without  arc,  electrical 
transmission  or  melting  of  the  weld 
metal.   There  is  no  cast  structure  and 

COMPARISON  of  welds  in  molybdenum  points  up  contrast  in  grain  size  in  fusion 
weld  (below)  and  ultrasonic  joint  (above).  Ultrasonic  weld  did  not  reach  recrystallization 
temperature.   Vibration  weld  tends  to  avoid  anisotropic  properties. 
26 
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ULTRASONIC  WELDING    PER  SE-' INCREASES  PLASTICITY 

ELASTIC 
LIMITS  OF 
MATERIAL 

ELECTRICAL WELDER VIBRATORY 
OSCILLATING  STRESSES 

a)  TENSION 
b)  COMPRESSION 
c)  SHEAR 

PLASTIC  DEFORMATION 
1)  DISPERSES  THE  ADHERED  FILMS 
2)  DISPERSES  THE  SURFACE  OXIDES 
3|  INCREASES  SURFACE  AREA  CONTACT 

SOLID  STATE 
METALLURGICAL 

BOND ENERGY ENERGY 

DEVELOPING  THE  VIBRATORY 
ENERGY  IS  RELATIVELY  EASY 

  THE  CRUCIAL  ASPECT 
IS  DELIVERING  THIS  ENERGY 

TO  THE  WORKPIECE 

ELASTIC  HYTERESIS 
TEMPERATURE  RISE 

OF  30%  TO  50%  OF 
ABSOLUTE  MELTING  POINT 
—  INCREASES  PLASTICITY 

PRINCIPAL  FEATURES  of  ultrasonic  welding  are  evident  in 
this  process  schematic.   Plasticity  factors  provide  an  increased 

area  of  intimate,  clean  surface  contact  generating  true  solid-state 
bond.  Process  cannot  handle  butt-welds. 

only  negligible  thickness  deformation. 
This  deformation  affects  the  surfaces  of 
the  welded  parts  only  by  1  or  2%  of 
the  total  weldment  thickness. 

Welding  occurs  when  the  tip, 
clamped  against  the  workpiece,  is  made 
to  oscillate  in  a  plane  parallel  to  the 
weld  interface.  The  combined  static 
and  oscillating  forces  introduce  dynamic 
stresses  in  the  metal,  producing  elasto- 
plastic  deformations  which  effect  a 
moderate  temperature  rise  in  the  weld 
zone.  Material  properties  in  the  weld 
zone  are  transiently  altered  and  a  solid- 
state  bond  is  achieved. 

The  energy  is  originally  drawn  from 
an  electric  power  line.  It  passes  into 
an  electronic  generator  or  rotating-ma- 
chine  device  converting  the  60-cycle 
line  power  to  the  desired  frequency  of 
operation.  The  high-frequency  current 
is  then  delivered  to  a  transducer  which 
converts  the  electrical  power  into  acous- 

tic power  at  the  same  frequency.  This 
is  the  easiest  and  least  complicated  sec- 

tion of  the  process,  say  Aeroproject 
experts. 

•  Engineering  problem — Delivering 
this  acoustical  energy  to  the  workpiece 
in  a  productive  manner  is  the  heart  of 
the  ultrasonic  welding  technique.  There 
are  a  wide  range  of  factors  in  this 
energy  delivery — presenting  a  complex 
problem  in  acoustical  engineering. 
Merely  dumping  the  energy  into  the 
workpiece  usually  means  no  weld. 

Part  and  parcel  of  this  delivery  sys- 
tem is  the  application  of  clamping  force 

in  such  a  manner  as  to  avoid  affecting 
the  frequency.  If  this  is  not  accom- 

plished, the  resonant  frequency  of  the 
system  may  shift  to  such  an  extent  that 
matching  or  tracking  of  the  frequency 
with  the  power  supply  may  be  difficult 
or  impractical.  A  second  disadvantage 
is  that  enough  energy  may  be  lost  to 
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the  mounting  system  so  that  very  little 
is  delivered  to  the  welding  zone. 

These  problems  were  solved  through 
development  of  a  force-insensitive 
mounting  system.  This  mounting  meth- 

od, and  its  subsequent  improvements, 
made  ultrasonic  welding  a  practical 

process. In  the  wedge-reed  welding  system, 
the  transducer-coupling  system  excites 
a  flexural  vibration  in  the  reed.  The 
reed  itself  is  part  of  the  clamping  sys- 

tem, and  vibration  isolation  is  achieved 
because  no  energy  is  delivered  to  the 
mounting  end  of  the  reed.  This  reed 
serves  as  an  intermediary  in  carrying 
the  lateral  vibration  to  the  workpiece 
and  as  a  means  of  attaining  force  in- sensitivity. 

Another  clamping  mechanism,  de- 
veloped by  W.  C.  Elmore,  basically 

consists  of  a  metal  cylinder  0.5  wave- 
lengths long  at  the  design  frequency. 

This  sleeve  encircles  a  portion  of  the 
coupling  member  with  one  end  perma- 

nently attached  to  it.  The  rest  of  the 
cylinder,  being  attachment-free,  is  also free  to  vibrate. 

A  flange  extends  radially  outward 
from  the  cylinder  at  a  point  0.25  wave- 

lengths from  the  free  end.  The  trans- 
ducer-coupling system  may  be  force- 

insensitivity  hinge-supported  by  secur- 
ing the  flange  to  a  pivot,  or  it  may  be 

otherwise  supported  through  this  flange. 
The  Elmore  Mount  is  based  on  the 

principle  that,  when  a  one-half  wave- 
length vibratory  device  has  a  free  end 

(an  end  not  delivering  energy),  a  true 
acoustical  node  will  exist  at  a  location 
0.25  wavelengths  from  the  free  end. 

Since  minimum  motion  of  a  vibra- 
tory device  occurs  at  a  node,  this  is  an 

optimum  location  at  which  to  secure 
attachments  to  the  vibrating  system.  A 
true  standing  wave  pattern  is  set  up  in 

COMPLETELY  AUTOMATIC  4000-watt  welder  is  typical  of  the  minimum-size  unit 
needed  to  adequately  handle  refractory  metals  and  superalloys. 
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the  mount  because  of  the  transmission 
of  vibratory  energy  from  the  air  bound- 

ary at  the  free  end. 
Nodal  supports  have  previously 

been  used  in  conjunction  with  vibratory 
devices  involving  attachments  to  the 
coupling  itself  at  a  supposedly  nodal 
location.  But  Aeroproject  engineers  say 
it  was  not  recognized  that  a  standing 
wave  pattern  does  not  exist  on  a  trans- 

ducer-coupling system  which  is  deliver- 
ing essentially  all  of  its  power.  Hence 

a  true  acoustical  node  likewise  does  not 
exist. 

Because  the  Elmore  Mount  is  part 
of  the  vibratory  system  and  yet  separate 
it  achieves  its  function  of  providing 
force  insensitivity. 

•  Theory  advanced — Aeroprojects  is 
probably  the  most  advanced  firm  in  the 
U.S.  in  the  field  of  ultrasonic  welding. 
Research  into  the  mechanisms  involved 
in  the  many  aspects  of  ultrasonic  weld- 

ing is  carried  out  within  the  parent  firm. 
A  subsidiary,  Sonobond  Corp.,  serves  as 
the  marketing  arm. 

In  one  instance,  researchers  have 
evolved  a  rule  of  thumb  which  leads  to 
an  estimate  of  the  power  needed  to  weld 
materials  based  on  a  relationship  be- 

tween the  thickness  and  the  Vickers 
Hardness  values.  It  is  still  holding  true 
up  to  12,000-watt/second  applications. 
But  there  are  other  crucial  factors.  This 
guide  does  not  define  the  threshold  level 
of  the  workpieces,  the  level  which  de- 

fines the  strain  needed  to  exceed  the 
elastic  limit  of  the  workpiece. 

In  any  event,  the  guide  does  serve 
as  an  approximation  of  the  minimum 
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WEDGE  RE  EC  S*^TEW 

FORCE-insensitive  mounting  system  ap- 
plied to  wedge-reed  welding  concept  still 

permits  shear  mode  of  vibration.  Process 
is  particularly  adaptable  to  electronic  sys- 

tems manufacture  involving  microcircuitry 
attachment. 

energy  needed  in  a  given  case. 
Energy  rate  is  extremely  important. 

Taking  a  low  energy  and  a  long  applica- 
tion time  can  result  in  too  much  heat 

and  unnecessary  stress  in  the  weld  area. 
The  end  result  is  no  weld  or  a  poor 

joint. Short  intervals  at  high  power  rates, within  certain  limits,  is  the  desirable 

approach. J.  M.  Peterson  of  Sonobond  says  the 
watt/second  product  cannot  be  sliced  in 
an  arbitrary  manner — and  this  is  es- 

pecially true  when  working  with  super- 

alloys  and  refractory  metals. 
Although  the  energy  rate  lor  any 

given  material  can  be  estimated,  it  is 
generally  true  that  short  pulses  make 
good  welds — granting  sufficient  power. 
Another  general  rule  is  that  the  so- 
called  exotic  materials  can  be  welded 
to  exacting  standards  through  maximum 
power/minimum  time  approaches. 

As  far  as  the  welds  themselves  arc 
concerned,  the  ultrasonic  joint  in  alu- 

minum alloys  is  as  good  as  resistance 
welds  in  fatigue  tests  beyond  the  105 
cycle  level.  At  lower  cycles,  the  ultra- 

sonic weld  data  is  higher  for  given  life- 
times. The  ultrasonic  weld  can  hold  its 

own  when  measured  against  conven- 
tional welding  specifications.  The  Rus- 

sians claim  a  30%  improvement  in  cer- 
tain areas  through  ultrasonics  (see box) . 

Hardness  is  a  pertinent  point  in  the 
properties  of  weldable  materials.  In 
general,  high  powers  are  required  and 
the  resultant  weld  areas  are  smaller. 
Weld  are  most  readily  achieved  in  dis- 

similar metals  if  the  hardnesses  are  not 
too  far  apart. 

Work  with  the  process  shows  that 
elastic  modulus  and  shear  strength  are 
important  and  the  effects  of  transient 
heat  on  these  properties  are  significant. 
But  none  of  these  represent  fundamen- 

tal problems  in  the  process. 
A  family  of  ultrasonic  welding 

equipment  is  being  marketed  by  Sono- 
bond. Spot  welders  include  20-,  100-, 

300-,  600-,  2000-,  and  4000-watt 
machines.  Seam  and  ring  welders  also 
are  available  in  different  powers.  & 

Russians  Deep  in  Ultrasonic  Welding 
ACTIVE  PROGRAMS  in  ultrasonic  welding  process 

are  in  progress  at  various  institutes  throughout  the  Soviet 
Union.  Here  is  an  up-to-date  list  of  Russian-published 
work  in  the  field. 

Kitaigorodskii,  Yu.  I.,  M.  G.  Kogon,  V.  A.  Kuznetsov,  N.  N.  Rykalin,  and 
L.  L.  Silin,  "Jo  ining  of  Metals  in  Solid  State  by  Ultrasonic  Vibrations." 
Izvestiya  Akademii  Nauk  SSSR,  Otdelenie  Teknicheskikh  Nauk,  August, 
1958,  pp.  88-90.  (Henry  Brutcher  Translation  No.  4401) 

"Ultrasonics  in  Soviet  Welding  Practice."  Svarochnoe  Proizvodstvo,  Sep- tember, 1958,  p.  24.  (LC  Translation  No.  59-22268) 

Ol'shanskiy,  N.  A.,  A.  V.  Mordvinlseva,  and  M.  N.  Krumboldt,  "The  Use 
of  Ultrasonics  in  Seam  and  Spot  Welding."  Avlomaticheskaya  Svarka, 
Vol.  11  (October,  1958),  pp.  75-80.  (LC  Translation  No.  60-15654) 

Ainbinder,  S.  B.,  "Certain  Problems  in  Ultrasonic  Welding."  Svarochnoe 
Proizvodstvo,  Vol.  32  (December,  1959),  pp.  4-6.  (Translation:  Welding 
Production,  December,  1959,  pp.  10-18) 

Malcarov,  L.  O.,  "Scientific-Technical  Conference  on  the  Application  of 
Ultrasonics  in  Welding."  Akusticheskii  Zhurnal,  Vol.  6  (January-March, 
1960),  pp.  138-139.  (Translation:  Soviet  Physics-Acoustics,  Vol.  6  (July- 
September,  1960,  pp.  138-139) 

Silin,  L.  L.,  V.  A.  Kuznetsov,  and  G.  V.  Sysolin,  "The  Ultrasonic  Welding 
of  Aluminum  and  Its  Alloys."  Svarochnoe  Proizvodstvo,  March,  1960, 
pp.  12-15.  (Translation:  Welding  Production,  March,  1960,  pp.  19-25) 

Silin,  L.  I  ,  "A  Scientific  and  Technical  Conference  on  the  Use  of  Ultra- 

sonics in  Welding  Processes."  Svarchnoe  Proizvodstvo,  (April,  1960), 
pp.  42-44.  (Translation:  Welding  Production,  April,  1960,  pp.  60-62) 

Garber,  R.  K,  L.  M.  Polyakov,  and  G.  N.  Mali,  "Ultrasonic  Welding  of 
Copper."  Fizika  Metallov  i  Metallovedeniye,  Vol.  10  (October,  1960), 
pp.  590-596) 
Mafcorov,  L.  O.,  "A  Simple  Technique  of  Ultrasonic  Cold  Welding." 
Akusticheskiy  Zhurnal,  Vol.  6  (October-December,  1960),  pp.  507-508. 
(Translation:  Soviet  Physics-Acoustics,  Vol.  6  (October-December,  1960), 

pp.  507-508) 
Silin,  L.  L.,  V.  A.  Kuznetsov,  and  M.  A.  El'yashev,  "The  Joint  Strength 
of  Ultrasonic  Welds  in  Aluminum  Alloys."  Svarochaoe  Proizvodstvo, 
Vol.  7  (July,  1960),  pp.  5-8.  (Translation:  Welding  Production,  July, 
1960,  pp.  8-14) 

Silin,  L.  L.,  V.  A.  Kuznetsov,  and  M.  A.  El'yashev,  "The  Joint  Strength 
of  Ultrasonic  Welds  in  Aluminum  Alloys."  Svarochnoe  Proizvodstvo, 
July,  1960,  pp.  5-8.  (Translation:  Welding  Production,  July,  1960,  pp. 

8-14) 

Ol'shanskiy,  N.  A.  and  A.  V.  Mordv/nfseva,  "Ultrasound  in  Welding 
Technique."  Industrial  Use  of  Ultrasound,  Gosudarstvennoye  Nauchno- 
Tekhnicheskoye  Izdatel'stvo  Mashinostroitel'noy  Literatury,  Moscow,  1959, 
pp.  287-302.  (Translation:  Technical  Documents  Liaison  Office,  Transla- 

tion MCL-810/1 +2,  MCLTD,  Wright-Patterson  AFB,  Ohio,  April  26,  1961) 

Ealandin,  G.  F.  and  L.  L.  Silin,  "On  The  Role  of  Friction  When  Welding 
With  Ultrasound."  Izvestiya  Akademii  Nauk  SSSR,  Otdeleniye  Tek- 

nicheskikh Nauk,  Metallurgiyo  i  Toplivo,  No.  6,  Moscow,  1960,  pp.  42-46. 
(Translation  Technical  Documents  Liaison  Office,  Translation  MCL-1045/1, 
MCLTD,  Wright-Patterson  AFB,  Ohio,  June  26,  1961.) 
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space  exploration 

Explorer  Finds  Many  Particle  Belts 

by  William  Beller 
THE  EARTH  is  now  believed  to  be 

girded  by  a  pulsing  and  sharply 
bounded  toroid  of  energetic  particles 
distributed  into  many  belts. 

This  new  conception  of  "near  space" 
comes  from  NASA's  Explorer  XII  Ener- 

getic Particles  Satellite,  launched  last 
Aug.  15  on  a  highly  elliptical  earth 
orbit. 

Until  the  satellite  stopped  working 
on  Dec.  6,  it  effectively  transmitted  data 
80%  of  the  time  it  was  in  orbit.  Al- 

though less  than  10%  of  the  data  have 
been  analyzed,  investigators  see  a  new 
but  somewhat  confused  picture  emerg- 
ing. 

•  Belts  dropped — The  earth's  mag- netic field  is  reported  to  terminate 
sharply  at  about  10  earth  radii  (meas- 

ured from  the  earth's  center).  Why  this happens  is  uncertain. 
From  10  to  about  13  radii  there  is 

said  to  be  a  thick  turbulent  or  transition 
region  marked  by  lack  of  a  steady-state 

solar  stream  of  particles.  This  region 
might  even  extend  to  14  or  15  earth 
radii  before  interplanetary  space  begins. 

The  outer  boundary  of  the  mag- 
netosphere — the  term  being  given  to  the 
region  of  particles  trapped  by  the  geo- 

magnetic field — "breathes"  in  and  out between  8.5  and  12  earth  radii.  Dr. 
Frank  McDonald,  project  scientist  at 
Goddard  Space  Flight  Center,  sug- 

gested "(it)  is  caused  by  the  impact  of 
solar  wind,  which  would  in  essence 

carry  a  field.  .  .  ." 
The  older  concept  of  an  "inner"  and 

"outer"  belt  of  high-energy  particles  in 
the  magnetosphere  is  being  dropped. 
There  are  too  many  regions  of  con- 

stituents and  intensities  to  consider. 

"You  can  only  say  that  in  one  par- 
ticular region,  one  population  (with) 

one  type  of  energy  reaches  its  maxi- 
mum," Leo  R.  Davis,  head  of  God- 

dard's  energetic  particles  section,  ex- plained at  a  recent  press  conference. 
"At  another  location,  another  group 
reaches  a  maximum  intensity,  and  so 

Dr.  Brian  O'Brien,  assistant  profes- 
sor and  cosmic -ray  experimenter  at  the 

State  University  of  Iowa,  said  more 
graphically,  "What  we  (have)  is  one  big 

mess  out  there." Still,  some  regions  are  taking  shape, 
even  though  their  boundaries  seem  to 
have  been  formed  by  a  nervous  kaleido- 
scope: 

—At  about  Wi  earth  radii,  there  is 
a  pattern  of  high-energy  protons  in  the 
100-MEV  range. 

—At  about  three  earth  radii,  there 
is  a  grouping  of  low-energy  protons  in 
the  V4-MEV  range. 

—At  four  earth  radii,  which  was  the 
center  of  the  "outer  belt,"  there  are 
either  protons  in  the  20-MEV  range  or 
electrons  in  the  2-MEV  range,  or  per- 

haps both. 
—Starting  at  about  six  earth  radii 

and  going  out  to  the  far  edge  of  the 
magnetosphere  are  soft  electrons  with 
energies  of  10  KEV. 

(Continued  on  page  39) 

5  x  10-  KM 

FIRST  DRAWING  of  the  new  concept  of  "inner  space,"  based  two  clearly  defined  belts  of  energetic  particles  trapped  in  the 
on  data  from  Explorer  XII  satellite.    The  idea  of  having  only       magnetosphere  is  being  discarded  in  favor  of  many  belts. 
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space  electronics 

Ranger  To  Provide  Real  Moon  Close-up 

NASA  expects  pictures  showing  objects 

as  small  as  12  ft.  wide;  three  other  experiments  aboard 

A  SUCCESSFUL  RANGER  shot 
will  enable  man  to  view  the  moon's 
boulders  with  the  same  ease  that  he  now 
inspects  its  mountain  ranges. 

The  television  camera  and  telescope 
subsystem  to  be  carried  in  Ranger  III, 
IV  and  V  will  provide  over  100  pictures 
of  the  moon  from  altitudes  varying 
from  2500  to  15  miles  above  its  pocked 
surface.  Employing  a  200-line  raster, 
the  system  should  have  such  high  re- 

solution that  objects  as  small  as  12  feet 
in  diameter  can  be  distinguished,  ac- 

cording to  scientists  of  the  National 
Aeronautics  and  Space  Administration. 

Prime  contractor  for  the  program  is 
the  California  Institute  of  Technology 
Jet  Propulsion  Laboratory  in  Pasadena. 
Contracts  to  date  for  Ranger  III  alone 
amount  to  over  $13  million  and  involve 
28  major  subcontractors. 

Ranger  HI  is  an  exceptionally  com- 
plex space  test  facility  —  physically  it 

looks  like  something  that  fell  off  a  Rube 
Goldberg  flying  machine. 

To  assure  success,  three  identical 
spacecraft  have  been  built.  Each  will 
carry  out  four  studies  to  obtain  radar 
reflectivity  characteristics,  surface  pho- 

tographs, gamma-ray  measurements, 
and  seismic  measurements. 

The  mission  will  terminate  with  the 
hard  landing  on  the  moon  of  an  instru- 

mental package  designed  to  continue 
physical  measurements  for  30  days. 

o  Close  look  at  the  moon — One  of 
the  most  exciting  aspects  of  a  successful 
Ranger  mission  will  be  the  television 
projection  of  lunar  surface  detail.  For 
the  first  time  it  will  be  possible  to  view 
the  moon  without  the  filtering  effects  of 
the  earth's  atmosphere. 

Photographs  of  these  transmissions 
will  provide  information  needed  to  help 
select  possible  landing  sites  for  future 
manned  lunar  landings. 

Ranger  could  provide  pictures  hav- 
ing a  resolution  of  12  ft.  (under  opti- 

mum conditions),  scientists  believe.  The 
best  available  photos  today  offer  a  re- 

solution of  about  1  kilometer. 
The  vidicon  camera  system  will 

operate  from  about  2500  down  to  15 
miles  above  the  lunar  surface.  Tele- 
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metered  pictures  will  be  comprised  of 
200  lines,  built  up  over  a  10-sec.  period. 
Following  this,  another  3  sec.  will  be 
required  to  clear  the  screen  for  the  next 
image. 

During  the  3-sec.  interval,  gamma- 
ray  measurements  and  radar  ranging 
data  will  be  received  from  the  space- 
craft. 

At  the  transmission  rate  of  1  pic- 
ture/13 sec,  over  100  pictures  can  be 

obtained. 
Built  for  J  PL  by  Radio  Corporation 

of  America,  the  electronics  for  the  vidi- 
con system  are  compressed  into  a  7-in.- 

dia.  x  3-in.-deep  disc.  JPL  developed  a 
14-in.-long  telescope  to  complement  the 
system.  The  optics  provide  the  equiva- 

lent to  a  40-in.  focal  length  instrument, 
developers  say. 

•  Other  experiments  —  Successful 
measurement  of  characteristic  gamma 
rays  emitted  from  the  lunar  surface  are 
expected  to  aid  scientists  in  determining 
its  composition.  Also,  heat  production 
by  a  body  such  as  the  moon  is  deter- 

mined to  a  large  extent  by  its  radio- 
active content.  Gamma-ray  spectrum 

analysis  may  help  determine  both. 
This  approach,  according  to  JPL, 

has  a  great  advantage  over  ordinary 
chemical  analysis  to  determine  surface 
composition  in  that  it  provides  a  meas- 

urement of  average  composition  of  a 
large  area,  rather  than  a  specific  break- 

down of  a  small  sample  which  may  not 
be  truly  representative. 

One  other  advantage  is  that  rela- 
tively delicate  instruments  need  not 

actually  land  on  the  moon  to  obtain 
meaningful  data. 

Radar  reflectivity  studies  of  the 
lunar  surface  in  the  impact  areas  will  be 
made  using  the  Ranger's  radar  altimeter. 
The  radar  system  will  illuminate  an  area 
of  up  to  60  square  miles. 

Results  may  be  used  to  establish  a 
standard  area  for  the  calibration  of 
more  complex  radar  used  on  earth  for 
lunar  observations. 

Operating  at  9.400  gigacycles,  the 
magnetron  has  a  peak  power  output  of 
from  1 50-400  watts.  Operation  is  stand- 

ard pulse-type.  Radar  pulse  width  is  2 

by  Charles  D.  LaFond 

microsec,  repetition  rate  is  from  500  to 
600  pulse/sec. 

Seismic  measurements  performed  by 
instrumentation  in  the  lunar-landing 
capsule  are  expected  to  provide  data 
concerning  the  thermal  history  of  the 
moon  and  the  structural  processes  cur- 

rently taking  place. 
Both  quakes  and  meteorite  impacts 

could  generate  body  waves  whose  meas- 
urements will  tend  to  indicate  the  phys- 

ical state  of  the  lunar  core.  The  kinds 
of  waves  recorded  will  help  describe  the lunar  surface. 

The  seismometer  to  be  used,  while 
extremely  sensitive,  is  rugged  enough  to 
withstand  a  200-mph  impact  on  solid 
granite.  Its  cylindrical  package  meas- 

ures 5.27-in.-long  x  4.37  in.-in-diameter. 
Weighing  only  slightly  more  than  8  lbs., 
the  single-axis  unit  was  designed  and 
built  by  the  California  Institute  of  Tech- 

nology's Seismological  Lab  and  the 
Lamont  Geophysical  Observatory,  Co- lumbia University. 

The  seismometer,  its  amplifier,  bat- 
tery supply,  and  a  50-milliwatt  trans- 

mitter are  housed  within  a  12-in.-dia. 
metal  sphere.  The  sphere  floats  in  oil 
within  an  outer  impact-absorbing  balsa wood  shell. 

The  transmitter  is  energized  auto- 
matically during  launch.  Caging  pins 

hold  the  instrument  sphere  rigidly  dur- 
ing flight  and  are  released  during  the 

terminal  landing  maneuver. 
After  landing,  the  sphere  rights  itself 

automatically  and  the  transmitting  an- 
tenna points  to  earth.  Next,  two  pyro- 

technic slugs  are  flown  out  of  the  as- 
sembly to  vent  the  oil  (otherwise  the 

heavy  liquid  might  act  as  an  insulator 
between  the  seismometer  and  the  trem- 

ors to  be  measured). 
Temperature  stabilization  within  the 

sphere  will  be  achieved  by  the  inclusion 
of  a  sealed  water  container.  Thus,  the 
operating  temperature  within  the  pack- 

age will  always  stay  within  the  boiling 
and  freezing  points  of  water  under 
lunar  conditions. 

•  Control  sequence — Until  separa- 
tion of  Ranger  III  from  the  Agena-B, 

guidance  and  control  will  be  provided 
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by  the  Agena  system. 
Following  separation,  spacecraft 

control  will  be  directed  from  the  deep- 
space  tracking  center  at  Goldstone, 
Calif.  Direct  control  is  implemented  by 
a  Central  Computer  and  Sequence  lo- 

cated in  one  of  six  packages  joined  to 
form  the  hexagonal  base  of  the  main 
craft.  This  solid-state,  digital  CC&S 
controls  most  of  the  spacecraft  maneu- 

vers and  experimental  functions  until 
separation  of  the  lunar  capsule  from 
the  main  spacecraft. 

Control  sequence  for  the  remainder 
of  the  66-hour  trip  is  planned  approx- 

imately as  follows: 
At  T  +  30  min.  (T  equals  earth 

launch  time),  the  two  spring-loaded 
solar  panels  will  be  released  from  the 
launch,  or  folded,  position  to  the  cruise 
position.  Also,  the  4-ft.-dia.,  high-gain 
antenna  will  be  swung  out  on  its  hinge 
from  the  aft  end  of  the  craft  to  an 
extended  preset  position. 

At  T  +  33  min.,  an  inertial  attitude- 
control  system  will  be  activated.  Solar 
sensors  (four  on  the  hexagon  sides  and 
one  on  each  solar  panel)  will  seek  out 
and  lock  on  the  sun.  Maneuvers  will 
be  effected  by  10  cold-gas  reaction  jets. 

At  T  +  3.5  hrs.,  the  gear-driven 
high-gain  antenna  will  search  for,  locate 
and  lock  on  the  earth  without  affecting 
the  already  established  solar  orientation. 
A  three-section  photomultiplier  tube- 
operated  earth  sensor,  mounted  co- 
axially  with  the  antenna,  will  be  used 
as  the  seeker.  (If  the  sensor  accidentally 
locks  on  the  moon,  the  situation  will  be 
recognized  through  the  telemetry  data 
received  at  ground  control.  Goldstone 
could  then  send  an  override  command 
to  the  Ranger  attitude  control  system 
for  repositioning.  This  could  be  accom- 

plished at  about  T  +  12.5  hours.) 
At  T  +  4  hrs.,  the  initial  gamma- 

ray  experiment  will  be  activated.  The 
spectrometer  is  located  in  a  12-in.-dia. 
aluminum  sphere  mounted  on  a  40-in.- 
long  boom  extending  outward  from  the 
top  of  the  hexagon  base. 

For  the  next  few  hours,  the  greatest 
activity  will  occur  at  DSIF  (the  Deep 
Space  Instrumentation  Facility).  World- 

wide tracking  data  from  its  three  large 
radar  sites  will  be  fed  into  the  IBM- 
7090  at  Jet  Propulsion  Laboratory, 
Pasadena,  Calif. 

After  calculating  vital  direction  and 
amount  of  pitch  correction,  direction 
and  amount  of  roll  correction,  and 
velocity  correction,  the  results  will  be 
telemetered  to  the  CC&S  for  storage  and 
checked  for  correct  subsystem  address. 

At  T  +  16  hrs.,  Goldstone  will  send 
the  command  to  start  mid-course  cor- 

rection. Maneuvers  will  begin  after 
switching  from  the  directional  antenna 
to  the  omni  antenna  and  repositioning, 
temporarily,  the  dish  out  of  the  path  of 
the  midcourse-motor  exhaust. 

After  maneuvering  Ranger  into  the 
correct  lunar  collision  course,  the  CC&S 
will  again  initiate  commands  to  effect 
sun  and  earth  reacquisition  maneuvers. 

At  T  +  18.5  hrs,  the  CC&S  will 
switch  back  to  use  of  the  high-gain  dish 
antenna.  Also,  pressurized  gas  will  be 
released  to  extend  the  gamma-ray  spec- 

trometer boom  to  its  full  72-in.  limit. 
This  is  expected  to  help  avoid  measure- 

ment of  secondary  effects  caused  by 
cosmic  rays  interacting  with  the  main 
body  of  the  spacecraft. 

For  the  next  48  hours,  gamma-ray 
experiment  reports  will  be  made  every 
eight  min. 

DSIF  will  continue  its  tracking  and 
data  will  be  continually  fed  into  the 
7090  for  computation  of  expected  lunar 
impact  time.   When  an  accurate  esti- 

mate is  available,  Ranger  position  65 
min.  before  impact  will  be  determined 
for  use  in  effecting  the  terminal  man- 
euvers. 

At  impact  —95  min.,  terminal 
maneuver  commands  will  be  sent  by 
Goldstone  to  the  CC&S  for  storage,  and 
again  the  system  will  be  checked  for 
correct  receipt. 

At  impact  —65  min.  (5000  miles 
altitude),  the  go  command  will  be 
given.  The  spacecraft  will  be  turned  to 
aim  the  television  camera  directly  at 
the  lunar  surface.  (Since  the  solar 
panels  will  be  disoriented  following  the 
maneuver,  a  25-lb.  silver-zinc  backup 
battery  will  provide  power  up  to  capsule 
separation  just  before  impact.)  The  TV 
camera  will  be  turned  on  for  warm-up. 

After  completing  the  terminal  pitch 
maneuver,  CC&S  will  initiate  a  2-min. 

time  delay  command  to  move  back  the 
arm  holding  the  omni  antenna  in  place 
atop  the  capsule.  This  will  clear  the 
path  for  separation  of  the  lunar  capsule 
from  the  main  platform. 

The  spring-loaded  radar  altimeter 
will  then  extend  outward  and  begin 
transmitting  pulses  to  the  lunar  surface. 
At  the  same  time  the  TV  camera  cover 
will  be  moved  to  clear  the  telescopic lens. 

At  impact  —40  min.  (2400  miles 
altitude),  the  camera  will  begin  opera- 

tion, transmitting  one  picture  every  13 
sec.  Gamma-ray  telemetry  will  be 
shifted  to  a  higher  transmission  rate  (a 
report  every  52  sec.  instead  of  every  8 min.). 

At  impact  -8.1  sec.  (70,200  ft.), 
the  radar  altimeter  will  initiate  the  cap- 

sule separation  sequence.  Control  and 
sequencing  at  this  point  will  be  switched 
over  to  a  unit  in  the  capsule  assembly. 
(See  M/R,  Jan.  22,  p.  18  for  details 
of  terminal  sequencing  and  capsule  im- 

pact. ) Capsule  separation  from  the  main 
craft  at  52,000  ft.  is  expected  to  dis- 

orient the  high-gain  antenna  in  relation 
with  earth.  Thus,  TV  transmissions 
from  then  until  final  catastrophic  im- 

pact will  be  lost. 
The  retro  motor  will  reduce  the  in- 

strumentation capsule  assembly  to  zero 
velocity  at  1100-ft.  altitude.  Separation 
of  the  landing  capsule  and  the  motor 
assembly  will  be  initiated  by  the  se- 

quences and  the  96-lb.  balsa  wood- 
encapsulated  package  will  free-fall  to 
the  moon's  surface.  Impact  should  oc- 

cur at  less  than  150  miles/hr.  it 
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electronics 

Lear  Mass-Produces  Microcircuits 

by  Arthur  H.  Collins 

A  NEW  TECHNIQUE  for  mass- 
producing  microcircuitry  may  cut  cir- 

cuit costs  by  10-50%  while  increasing 
reliability  by  a  factor  of  10. 

The  semiautomatic,  high-vacuum 
deposition  system  was  developed  by 
Lear,  Inc.,  of  Santa  Monica,  Calif. 
Albert  G.  Handschuhmacher,  Lear 
president,  says: 

"Development  of  the  technique 
means  that  we  can  produce  up  to  500 
tailor-made,  thin-film  microcircuits  in 
a  single  two-hour  vacuum  cycle,  de- 

pending upon  circuit  complexity.  Any 
electronic  circuit  can  be  microminiatur- 

ized, and  delivery  of  the  finished  prod- 
uct started  within  six  weeks." 
Developed  by  Lear's  solid-state 

physics  laboratory,  the  production  ma- 
chine will  deposit  any  one  of  three  dif- 

ferent materials  representing  resistors, 
capacitors,  magnetic  or  semiconductor 
elements. 

The  production  system  consists  bas- 
ically of  a  vacuum  chamber,  high- 

voltage  power  supplies  for  evaporation 
of  the  resistor,  dielectric  materials, 
vacuum  pumps  to  reduce  chamber  pres- 

sure to  lxlO-6  mm  of  mercury,  a  digi- 
tal ohmmeter  and  an  optics  system  to 

monitor  materials  deposition,  plus  a 

mechanical  connection  to  the  chamber 
for  changing  of  masks  and  substrates. 

Deposition  is  made  through  five  dif- 
ferent masks  or  patterns  onto  substrates 

placed  in  20  one-in. -square  holders. 
The  number  of  substrates  (glass  plates 
or  other  materials)  handled  by  the  ma- 

chine is  dependent  upon  the  size  of  the 
plates  in  the  20  holders.  This  number 
may  be  increased  to  the  suggested  500- 
circuit  maximum  capability  of  the  ma- 

chine, and  is  limited  only  by  size  of 
the  circuits  themselves. 

The  machine  deposits  complete  re- 
sistor and  capacitor  patterns  well  within 

individual  component  tolerances  of  5%. 
One  percent  tolerances  are  reasonable 
if  hand  adjustments  are  made  instead 
of  automatic  operation  of  resistance 
deposition.  All  resistors  needed  for  a 
complete  circuit  can  be  deposited  in  15 
sec,  with  5%  tolerances. 

The  resistance  factor  is  inversely 
proportional  to  time — consequently  the 
15-sec.  time  limit  is  more  than  adequate 
for  deposition  of  resistors  regardless  of 
their  number.  The  same  deposition 
time  is  required  by  the  microcircuit 
condensor  patterns. 

•  Production  steps — 1.  Circuit  de- 
sign and  bread  board  test:  The  initial 

phase  of  integrated  microcircuit  design 
is  the  same  as  that  of  any  conventional 

CUSTOM-MADE  thin-film  microcircuits  (at  pencil  point)  can  now  be  mass-produced 
by  Lear,  Inc.'s  newly  developed  high-vacuum  deposition  system. 

circuit.  Performance  parameters  are 
selected;  the  required  circuit  elements 
are  computed,  then  evaluated  on  an 
engineering  bread  board  circuit  layout. 

2.  Circuit  schematic  prepared:  Prac- 
tically any  functional  electronic  circuit 

can  be  microcircuitized  by  the  process, 
offering  greater  flexibility  to  circuit 
functions.  Preparation  of  the  circuit 
schematic  is  similar  to  that  for  welded 
or  etched  circuitry. 

3.  Rough  microcircuit  layout:  This 
is  the  first  deviation  from  standard  pro- 

duction procedures,  and  is  a  most  im- 
portant process  from  the  standpoint  of 

size  reduction  of  the  final  product — the 
rough  layout  dictates  final  circuit  size. 

4.  Precise  mask  artwork:  When 

microcircuitry  design  and  layout  is  com- 
plete, the  first  mechanical  step  follows — 

preparing  the  precise  stencil-type  masks 
or  patterns.  The  importance  of  accu- 

rate masking  techniques  to  the  fabrica- 
tion of  accurate  microcircuitry  cannot 

be  overemphasized.  Through  use  of 
precision  techniques,  post-evaporative 
hand  tailoring  or  adjustment  is  essen- 

tially eliminated. 
5.  Carefully  controlled  photographic 

size  reduction  of  art:  Here  again,  the 
finished  product  is  only  as  good  as  the 
mask  allows  for  reproduction. 

6.  Mask  preparation:  One  set  of 
masks  is  prepared  for  each  type  of  cir- 

cuit. Small  etching  machines  with  oscil- 
lating spray  nozzles  are  used  to  etch 

the  precise  evaporation  masks. 
The  masks  are  generally  nickel  or 

stainless  steel.  It  usually  takes  from 
four  to  five  hours  to  produce  one. 

This  is  another  area  in  which  cost 
reductions  have  been  made.  A  year 
ago,  a  typical  mask  cost  about  $5000 
to  produce.  Today,  the  same  mask  costs 
around  $1500,  and  Lear  predicts  a  pro- 

duction goal  of  $500  by  mid- 1962. 
As  mask  costs  come  down,  the  need 

for  standardization  of  circuits  is  mini- 
mized because  virtually  the  same  costs 

are  involved  for  either  new  design  or 
standardization  of  an  old  design. 

7.  Circuit  vaporization:  Electronic 
components  of  the  Lear  system  are 
fabricated  from  thin-film  materials.  The 
equipment  can  evaporate  thin  films  of 
resistive,    conductive,    magnetic  and 
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GE's  Advent  Tubes  To  Last  3  Years 

Through  Use  of  499  Nickel,  Exhaust  Method 

semiconducting  materials.  From  com- 
binations of  these  materials,  any  desired 

form  of  integrated  microcircuitry  can 
be  produced.  Nickel-chrome  alloy  wire 
is  fed  into  the  evaporator  as  resistor 
material.  Silicon  monoxide  is  used  for 
deposition  of  dielectric  material,  with 
soft  glass  as  the  substrate  material  ex- 

cept in  special  applications. 
8.  Test  and  evaluation:  Testing  and 

evaluation  of  the  circuits  is  performed 
during  the  deposition  phase.  Resistance 
is  checked  by  sampling  a  test  strip  de- 

posited concurrently  with  the  circuit 
deposition,  and  capacitance  is  checked 
and  controlled  through  optical  analysis 
of  the  electrolyte  as  it  is  deposited. 

9.  Encapsulation:  Conventional  tech- 
niques of  circuit  encapsulation  are  used, 

depending  upon  customer  requirements. 
10.  Delivery  of  finished  product: 

The  time  required  for  the  design,  de- 
velopment and  fabrication  of  a  typical 

circuit  is  estimated  by  Lear  to  be  from 
five  to  six  weeks. 

Lear  has  proposed  a  license/lease 
agreement  to  enable  "select"  electronic 
manufacturers  to  use  the  company's process.  The  agreement  would  cover 
the  equipment,  training  and  service  pro- 

gram. Financial  arrangements  would 
include  payment  of  an  initial  license 
fee  plus  a  royalty  based  on  microcircuit 
production.  U 

"LIGHTHOUSE"  tubes  are  being 
built  to  a  three-year  operation  specifica- 

tion for  the  Army's  Advent  communica- tion satellite. 

The  planar  triodes  for  the  satellite's multi-channel  transponders  are  being 
produced  under  extremely  rigid  manu- 

facturing procedures  at  General  Elec- 
tric's  Receiving  Tube  Department  in 
Owensboro,  Ky.,  to  assure  reliability. 

Each  one  of  the  custom-built  elec- 
tron tubes  is  operated  for  at  least  1000 

hrs.  before  being  shipped,  the  company 
says,  to  enable  engineers  to  predict 
whether  it  will  last  for  three  years.  This 
is  one  of  the  most  important  aspects  of 
the  department's  $837,000  development contract. 

A  distinctive  feature  of  the  tube, 
giving  it  a  lighthouse  shape,  is  its  heat 
sink.  This  is  a  ring  of  oxygen-free  high- 
conductivity  copper  to  act  as  a  thermal 
conductor  in  space. 

GE  says  the  life  expectancy  of  the 
tube  is  greatly  increased  by  the  use  of 
499  nickel  in  the  cathodes,  permitting 
a  relatively  low  rate  of  plate  dissipation. 
Moreover,  the  company  has  devised 
vacuum  exhaust  equipment  to  produce 

COPPER  heat  sink  gives  planar  triode  for 
Advent  ComSat  "lighthouse  look."  Tube  is 
built  to  last  25,000  hrs.  in  space. 

"consistent"  levels  of  5  x  10— 'mm  in  the 
tubes  at  seal-off. 

Advent,  scheduled  for  first  launch 
later  this  year,  is  planned  to  consist 
ultimately  of  three  satellites  in  widely- 
spaced,  synchronous,  22,300-mi.  orbits. 
The  system  would  thus  cover  about 
80%  of  the  earth's  surface  at  all  times.8 

I:  X  P I.  O  S  I V  E  O  R  I)  N  A  N  C  IE 

to  ignite  to  detonate    to  actuate  to  eject   to  open   to  close  to  pull  to  push  to  stabilize 

NO  ORDINARY  SQUIB,  THIS  ONE.., 
The  stainless  steel  M-100  is  designed  for  space  travel  (quali- 

fied for  Titan  II)  —  is  at  home  in  a  variety  of  environments  — 
and  unlike  most  pressure  cartridges,  can  do  a  myriad  of  "jobs." 
The  M-100's  versatility  is  in  its  ability  to  sustain  pressure  for 
relatively  long  periods  (see  below).  Its  extreme  environmental 
capabilities  are  the  result  of  resistance  welding  the  closure 
to  the  shell  providing  an  hermetic  seal  plus  no  fragmentation 
of  the  closure.  A  few  of  the  M-100's  characteristics: 
safety —  1  amp  no-fire  and  2-amp  sure-fire  per  bridge  wire  reliability  — 
99.9%  and  90%  confidence  functioning  time  —  2000  psi  in  5  milliseconds 
tin  a  10  cc  chamber}  —  sustains  1000  psi  for  7  second  environmental  — 
200,000'  altitudes,  100  g  shock,  random  and  Sine  vibration  in  excess  of 
MIL-E-52  72,  temperatures  of  —  100  to  +200°F. 
For  complete  specifications  on  the  all-purpose  M-100  and 
other  McCormick-Selph  advanced  explosive  ordnance  de- 

vices —  write  stating  requirements  to  address  listed  below. 

MSCORM I CKASELPH 
Hollister  Airport/Hollister,  California/  Dept.  M 
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No  hold-up  seen  .  .  . 

Polaris  A3  Fiber  Glass  Case 

Being  Developed  Rapidly 

Sunnyvale,  Calif. — A  lightweight, 
high-tensile-strength  fiber  glass  casing — 
a  major  factor  in  the  accelerated  effort 

to  extend  the  range  of  the  Navy's Polaris — is  being  developed  rapidly  and 
should  not  hold  up  the  overall  develop- 

ment program. 
The  push  to  produce  Polaris  A3, 

with  a  range  of  2500  miles,  has  resulted 
during  the  past  six  months  in  a  30% 
gain  in  the  operating  stress  level  of 
glass  fiber  motor  casings. 

This  progress  and  other  state-of-the- 
art  advances  in  glass  filament-wound 
motor  structures  were  reported  here  this 
month  at  the  second  Polaris  missile  sys- 

tem contractor  symposium. 
Nearly  100  representatives  of  indus- 

try, the  military  and  universities  par- 
ticipating in  the  Polaris  fiber  glass  casing 

program  attended  the  two-day  classified 
meeting  at  Lockheed  Missiles  &  Space 
Co.  A  similar  reporting  sessions  was 
held  six  months  ago. 

Steel  was  used  for  both  stages  of 
the  1200-mile  range  Polaris  A I  now 
deployed  aboard  the  six  operational 
Fleet  Ballistic  Missile  submarines.  The 
1500-mile  Polaris  A2,  now  entering  pro- 

duction, is  a  hybrid,  with  a  steel  first 
stage  and  fiber  glass  second  stage. 

Both  stages  of  the  A3  will  use  fila- 
ment-wound cases.  The  two  principal 

advantages  of  glass  over  steel  are  a 
substantial  weight  reduction  and  a  66% 
slash  in  cost. 

The  A3  is  scheduled  for  operation  in 
early  1964.  Besides  the  lightweight  cas- 

ings, factors  in  the  A3  program  are  de- 
velopment of  a  hotter  propellant,  with 

a  major  increase  in  specific  impulse,  and 
reduction  of  component  weight  through 
miniaturization.  The  A3  range  extension 
is  to  be  achieved  within  the  same  di- 

mensions as  the  A2  missile — 31  ft.  long 
and  54  in.  wide. 

•  Other  advances  —  Twenty-five 
papers  were  presented  and  six  panel 
discussions  held  at  the  symposium. 
State-of-the-art  improvements  were  re- 

ported in: 
—Overall  structural  efficiency  of 

glass  fiber  casings. 
—Development  of  optimized  wind- 
ing patterns. 
—Improved  inspection  techniques. 
—  Motor  case  port  reinforcement 

techniques. 
—  Optimized  hydrotest  techniques. 
—Applied  stress  analysis. 

Considerable  emphasis  in  the  Polaris 
program  has  been  directed  at  learning 
why  glass  thread  loses  50%  of  its  tensile 
strength  between  the  time  it  is  spun  and 
when  it  is  used  within  the  missile  casing. 

Although  this  problem  is  still  un- 
solved, participants  reported  they  are 

getting  a  better  understanding  of  the 
crazing  of  filaments  and  other  degrad- 

ing factors  due  to  environmental  usage 
— chiefly  debonded  areas  and  knots  in 
the  casings. 

Lockheed  MSC  research  indicates 
that  infrared  techniques  may  be  promis- 

ing for  inspection  to  detect  flaws  in  the 
structures. 

Agencies  represented  at  the  meeting 
were  the  Naval  Special  Projects  Office, 
Aerojet-General  Corp.,  Allegany  Bal- 

listics Laboratory,  General  Electric  Co., 
Narmco  Industries,  University  of  Ver- 

mont, University  of  Illinois,  Naval  Re- 
search Laboratory,  Westinghouse  Elec- 

tric Corp.,  Hercules  Powder  Co.  (Rocky 
Hill),  Rocketdyne,  Bendix  Corp.,  B.  F. 
Goodrich  Corp.  and  Kidde  Aerospace 
Div.  a 

18-Orbit  Shot  Slips 

(Continued  from  page  IS) 

The  number  of  bays  built  for  each  stage 
will  depend  on  the  firing  rate  which  the 
space  agency  expects  to  need  at  the 
complex.  It  is  expected  that  six  or  eight 
bays  will  be  built.  This  will  support  a 
firing  rate  of  25  to  30  launches  per  year. 

NASA  also  has  some  $70  million  in 

the  Fiscal  '63  budget  for  the  launch 
complex  for  the  Nova  vehicle. 

NASA  officials  report  that  most  of 
the  funds  will  be  used  for  design  and 
study  contracts  for  the  three-pad  facil- 

ity. No  hardware  or  construction  con- 
tracts on  the  Nova  site  will  be  awarded 

until  Fiscal  1964. 
Each  Nova  pad  will  be  capable  of 

eight  launches  per  year.  Each  gantry 
will  be  450  ft.  high  and  20  ft.  square 
at  the  base.  The  vehicle  will  be  assem- 

bled and  checked  out  on  pad.  Because 
of  the  gantry's  immense  size,  it  will  be immovable;  the  booster  will  have  to  be 

fired  through  it.  The  gantry's  sides  will 
be  lowered  to  allow  exhaust  gases  to 
escape. 

The  vehicle  will  be  moved  from  its 
manufacturing  plant  to  the  launch  site 
on  large  barges,  which  will  also  serve 
as  the  launch  pad.  a 

New  Solid-State  Laser 

Described  by  Bell  Labs 

New  York — The  first  known  solid- 
state — ruby — optical  maser  to  emit  con- 

tinuous coherent  visible  light  was  de- 
scribed by  Bell  Telephone  Laboratories 

here  last  week. 
The  disclosure  was  a  highlight  of 

the  10th  Annual  Physics  Show,  spon- 
sored by  the  American  Physical  Society 

and  the  American  Association  of  Phy- 
sics Teachers,  which  drew  an  estimated 

4000  persons. 
D.  F.  Nelson  and  W.  S.  Boyle,  Bell 

scientists  who  developed  the  maser  and 
presented  the  post-deadline  paper  to  the 
meeting,  said  the  advance  was  made 
possible  by  a  new  method  of  exciting 
the  master  crystal  which  gives  a  pump- 

ing intensity  five  times  greater  than  any 
previous  technique. 

A  major  improvement  in  the  solid- 
state  maser  was  the  significant  reduc- 

tion in  power  requirements  for  con- 
tinuous operation.  Ruby  originally  re- 
quired more  than  1000  kilowatts  for 

pulsed  operation;  the  new  Bell  maser  is 
reported  to  need  a  minimum  input  of 
850  watts  for  continuous  operation. 

Output  power  in  the  maser  beam  is 
described  as  "a  few  milliwatts." 

Transfer  of  the  intense  light  from 
a  high-pressure  mercury  arc  lamp  to  the 
crystal  face  is  accomplished  by  two  con- 

cave spherical  mirrors.  The  ruby  crystal 
is  located  inside  a  Dewar  kept  at  liquid 
nitrogen  temperatures. 

The  maser  material  consists  of  two 
separate  materials  grown  as  a  special 
boule  of  one  crystal.  The  actual  crystal 

is  shaped  like  a  trumpet.  Its  "front"  is 
pure  aluminum  oxide — sapphire — in  the 
shape  of  a  cone  forming  the  "bell"  of the  trumpet.  The  face  of  the  bell,  about 
60-mils.-dia.,  receives  the  pumping  arc. 
The  cone  portion  tapers  to  meet  a  shank 
of  chromium-doped  aluminum  oxide,  or 
ruby,  which  has  a  24-mils.  dia.  In  this 
shank  the  maser  action  takes  place,  pro- 

ducing the  intense  red  maser  beam. 
The  image  of  the  arc  of  the  pump- 
ing lamp  reaches  the  face  of  the 

trumpet  at  the  same  size  and  intensity 
as  the  arc  itself.  The  cone  acts  as  a 
"radiation  condenser,"  making  the  arc 
light  six  times  more  intense  as  it  enters 
the  shank.  The  light  then  travels  down 
the  shank  by  internal  reflections. 

A  silver  coating  at  the  end  of  the 
rod  causes  the  pumping  light  to  return 
and  emerge  at  the  original  face.  Since 
the  pumping  light  travels  a  double  path, 
its  intensity,  already  increased  six  times, 
is  doubled,  making  it  much  greater  than 
that  in  a  conventional  maser  rod  receiv- 

ing light  from  the  side.  The  result.  Bell 
says,  is  a  lower  required  power  for  the 

pumping  lamp  that  produces  the  con- tinuous maser  action.  a 
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Rendezvous  vs.  Direct 

Debated  at  IAS  Meeting 

by  Michael  Getler 

New  York  —  The  still-uncharted 
U.S.  route  to  the  moon  was  debated  by 
top  lunar  experts  at  last  week's  30th 
annual  meeting  of  the  Institute  of  Aero- 

space Sciences. 
Supporters  of  orbital  rendezvous 

tangled  anew  with  direct-flight  propo- 
nents, the  former  presenting  more 

papers. 
A  NASA  study  of  rendezvous  tech- 

niques showed  that  visual  control  is  a 
better  bet  than  instrument-controlled 
approach. 

A  pilot,  the  study  said,  can  control 
a  terminal  rendezvous  without  instru- 

ments for  range,  space  angles,  and  time 
derivatives  for  these  parameters,  if  he 
has  sufficient  background  reference  to 
make  angular  measurements  on  the 
order  of  1  milliradian.  This  reference 
can  be  supplied  by  a  single  high-angular 
resolution  instrument  for  obtaining  line- 
of-sight  rate,  and  a  timer  which  can  be 
read  to  within  0.1  sec. 

•  Lunar  landing — Results  in 
NASA's  study  of  simulated  soft  lunar 
landings  showed  that  pilots  flying  the 
fixed-base  flight  simulator  at  Langley 
Research  Center  could  establish  proper 
lunar  orbits  and,  with  more  difficulty, 
effect  satisfactory  landing. 

Early  single-pilot  flights  produced  a 
marked  caution  and  resultant  erratic 
flight  path  as  the  vehicle  approached 
within  400  ft.  of  the  lunar  surface.  The 
craft  often  hovered,  even  climbed,  and 
in  many  cases  overshot  the  marked 
landing  area  due  to  extreme  pilot  con- 
centration. 

The  addition  of  a  second  pilot  to 
split  attitude  and  thrust  control  func- 

tions resulted  in  an  effective  landing 
mode  which  generally  produced  land- 

ings with  velocity  components  of  less 
than  4  FPS  and  within  a  2000-ft.  radius 
of  the  desired  landing  site. 

Continued  practice  in  the  landing 
technique  eventually  led  to  satisfactory 
one-man  operation  of  the  simulator. 

•  24-day  moon  journey — A  direct 
flight  to  the  moon  and  back,  lasting 
about  24  days  and  using  an  orbit  launch 
method  for  a  high-performance  nuclear 
hydrogen  rocket,  was  outlined  by  two 
scientists  from  United  Technology  Corp. 
and  Space  Technology  Laboratories. 

The  mission  begins  in  a  300-mile 
earth  orbit  with  velocity  sufficient  for 
the  nuclear  propulsion  system  to  main- 

tain. Pulsed  low  thrust  is  applied  at  the 
perigee  until  the  apogee  reaches  the 
moon's  orbit.  This  is  followed  by  rocket 
braking  to  the  surface.  Return  trip  is 
similar,  but  with  a  stable  50-mi.  orbit 
established  about  the  moon.  tt 

Six  Different  Languages . . .  NEMS- CLARKE® 
1440  Receiver  Interprets  Them  All! 

This  hard-working  navigational  telemetry  receiver  is  already  monitoring 
Transit,  Traac,  Echo,  S3,  SI 6,  Stratoscope.  It  is  an  exceptionally  stable  Phase- 
Lock  Receiver  with  a  tuning  range  of  130-140  mc.  The  1440  is  particularly 
suited  for  the  forthcoming  S-27  Orbiting  Astronomical  Observatory. 
Nems-Clarke  1440  provides  outputs  for  video,  spectrum  display,  frequency 
monitor  and  signal  strength  recorder.  Its  four  panel  mounted  meters  indicate 
tuning,  output,  deviation  and  signal  strength  during  operation.  The  receiver 
is  for  standard  rack  mounting. 
Write  for  Data  Sheet  C-006,  Vitro  Electronics,  919  Jesup-Blair  Drive, 
Silver  Spring,  Maryland.    A  Division  of  Vitro  Corporation  of  America. 

|  WW  W^^W 

ro  ElEl 

Specifications: 
1.  Type  of  Reception  FM 
2.  Tuning  Range  130-140  mc 
3.  Noise  Figure  6  db  maximum 
4.  IF  Bandwidth  — Wide  Band   100  kc  at  3  db  points 

Narrow  Band    50  kc  at  3  db  points 
5.  Phase-Lock  Detector  linear  to  better 

than  1%  over  bandwidth  of  ±  50  kc 
6.  Video  Output  adjustable 7.  Video  Frequency 
Response  400  cps  to  15  kc 

8.  Sensitivity  0.3  v  peak  to  peak  per  kc 
of  deviation,  minimum 
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names  in  the  news 

Questions 

and 

M  i     III  1 

about  the 

GLOBAL 

COMMUNICATIONS 

CAPABILITIES 

of 

What  capabilities?  From  which  subsidiary  of 
RCA? 

From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  -  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Most  Trusted  Name  in  Communication* 

FOSS  BROOME 

John  Stack  and  Maurice  Roy:  Elected 
to  Honorary  Fellowship  by  the  Institute 
of  the  Aerospace  Sciences.  This  is  the 
highest  honor  bestowed  by  the  IAS,  Free 
World  professional  society  in  the  aerospace 
field.  Stack  is  director  of  Aeronautical 
Research  in  the  NASA  Office  of  Advanced 
Research  Technology,  and  Roy  is  Direc- 

tor General  of  the  Office  National  d'Etudes 
et  de  Recherches  Aeronautiques,  France's Aerospace  Research  and  Development 
Center.  Other  awards  presented  at  the 
IAS  Honors  Night  Dinner  on  Jan.  23  were 
to  Dr.  Alfred  J.  Eggers,  Jr.,  Chief  of 
NASA's  Ames  Research  Center  Vehicle 
Environment  Division,  who  received  the 
Sylvanus  Albert  Reed  Award;  Capt. 
Ashton  Craybiel,  Director  of  Research, 
Navy  School  of  Aviation  Medicine,  Pensa- 
cola,  Fla.,  who  received  the  John  Jeffries 
Award;  and  recipients  of  IAS  Fellowships: 
Holt  Ashley,  Department  of  Aeronautics 
and  Astronautics,  Massachusetts  Institute 
of  Technology;  J.  A.  J.  Bennett,  Head  of 
Department  of  Aerodynamics,  College  of 
Aeronautics,  Cranfield.  England;  H.  G. 
Conway,  Director,  Short  Brother  &  Har- 
land  Ltd.,  Northern  Ireland;  John  C.  Ev- 
vard.  Deputy,  Associate  Director  for  Re- 

search, Lewis  Research  Center,  NASA; 
Paul  Germain,  Professor  of  Mechanics 
and  Fluids,  University  of  Paris,  France; 
S.  K.  Hoffman,  President,  Rocketdyne 
Division,  North  American  Aviation,  Inc.; 
W.  H.  Pickering,  Director,  Jet  Propulsion 
Laboratory,  California  Institute  of  Tech- 

nology; Harrison  A.  Storms,  Jr.,  President, 
Space  and  Information  Systems  Division, 
North  American  Aviation  Inc.;  Charles  R. 
Strang,  Transport  Aircraft  Engineering, 
Douglas  Aircraft  Co.,  Inc.;  Itiro  Tani, 
Aeronautical  Research  Institute,  Univer- 

sity of  Tokyo,  Japan;  and  Alfred  V.  Ver- 
ville,  Bureau  of  Naval  Weapons,  Depart- 

ment of  the  Navy. 

William  F.  Foss:  Senior  vice  president 
for  Finance  and  International  Operations 
and  Treasurer  of  Motec  Industries  Inc., 
Hopkins,  Minn.,  succeeds  Edmund  F. 
Buryan  as  president,  chief  executive  officer 
and  a  director. 

Robert  J.  Swain:  Former  division  man- 
ager of  the  United  GeoMeasurements 

Division  of  United  ElectroDynamics,  Inc., 
has  been  promoted  to  vice  president  in 
charge  of  the  division. 

Jonathan  J.  Broome:  One  of  the  mem- 
bers of  the  founding  group  of  SCOPE 

GATES  LIDDEL 

Incorporated,  Falls  Church,  Va.,  has  been 
appointed  vice  president  in  charge  of  pro- duction. 

Frank  J.  Kiernan:  Has  joined  General 
Precision,  Inc.,  Tarrytown,  N.Y.,  as  direc- 

tor of  market  research. 

William  F.  Gates:  Associated  with 
Dalmo  Victor  Company,  a  division  of 
Textron  Inc.,  since  1944,  has  been  named 
president,  succeeding  T.  I.  Moseley. 

Dr.  Urner  Liddel:  As  assistant  director 

of  Hughes  Aircraft  Company's  Research Laboratories,  Culver  City,  Calif.,  will  be 
responsible  for  technical  liaison  with 
academic  institutions  in  addition  to  ad- 
minstrative  duties. 

Harrison  Edwards,  Alex  Hossack  and 
George  Liacouras:  Will  fill  three  newly 
created  positions  in  Simmonds  Precision 
Products,  Inc.,  Edwards  as  vice  president- 
manufacturing,  Hossack  as  vice  president- 
engineering  and  Liacouras,  as  vice  presi- dent-finance. 

Burton  P.  Brown:  Leaves  General  Elec- 
tric to  assume  a  new  position  as  assistant 

director  of  Defense  Research  and  Engi- 
neering for  Air  Defense  with  the  Depart- ment of  Defense. 

Paul  W.  Atwood:  Former  president  of 
U.B.S.  Chemical  Corp.,  Cambridge,  Mass., 
selected  as  chairman,  Executive  Commit- 

tee of  Trans-Sonics,  Inc.,  Lexington,  Mass. 

James  C.  Smith,  Jr.:  To  be  located  at 

the  Marshall  Space  Flight  Center's  Mi- choud  Operations  plant  in  New  Orleans, 
as  president  of  the  newly  organized  Space 
Division  in  Chrysler  Corporation's  Defense and  Space  Group. 

Joseph  M.  Hertzberg:  Rejoined  the 
Radio  Corporation  of  America  as  division 
vice  president,  Defense  Marketing.  In  his 
new  position,  Hertzberg  will  direct  all 
marketing  activities  within  the  RCA  De- 

fense Electronics  Products  organization,  in- 
cluding supervision  of  product  planning, 

marketing  administration,  defense  and  pub- 
lic affairs  activities,  and  supervision  of  the 

operation  of  a  broadly  expanded  network 
of  field  offices  across  the  country.  Hertz- 

berg first  joined  RCA  in  1945,  left  to 
become  vice  president  of  marketing  of 
Philco  Corporation's  Government  and  In- dustrial Group  in  1960. 
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New  Light  on  DOD  Budget 

(Continued  from  page  17) 

the  development  of  greatly  improved 
radars,  other  sensory  devices  and  com- 

puters, as  well  as  the  operation  of  the 

system." 
Hawk — "The  Hawk  procurement 

(in  FY  '63)  will  closely  approach  the 
deployment  objective." 

Redeye — "Tentatively,  the  Redeye 
will  be  placed  in  production  with  initial 
procurement  of  missiles  in  FY  '62.  An- other increment  is  included  in  the  FY 

'63  budget." 
Sparrow  III  and  Sidewinder  1C — 

Funds  are  sought  for  "substantial  quan- 
tities." 

Talos,  Terrier  and  Tartar — Funds 
are  sought  for  "substantial  quantities." 

Tactical  Missiles 

Davy  Crockett — The  budget  re- 
quests $12.6  million  for  procurement 

that  is  expected  "to  provide  a  large  part 
of  our  inventory  objective."  (First  size- 

able deployment  of  the  nuclear-tipped 
battlefield  missiles  is  planned  this  year.) 

Pershing — "A  quantity  of  Pershings 
are  also  included  in  the  FY  '63  budget." 

Sergeant — "The  1963  procurement 
of  Sergeant  missiles,  together  with  those 
funded  in  prior  years,  will  completely 
meet  the  inventory  objective  for  the 
approved  forces  except  for  future  re- 

quirements for  training  missiles."  (No 
mention  was  made  in  the  cleared  state- 

ment of  the  possible  procurement  of 
Sergeants  for  NATO — long  considered 
a  strong  possibility.) 

Zuni  5 — The  budget  requests  funds 
for  purchase  of  "substantial  quantities." 

Shrike — "The  first  buy  of  Shrike 
antiradar  missiles  is  included." 

Bullpup  —  "Substantial  quantities" 
for  the  Navy;  "substantial  increases  for the  Air  Force. 

Subroc — The  budget  requests  funds 
for  "another  quantity"  of  the  under- 

water-to-underwater ASW  missiles. 

R&D/Military  Astronautics 
Defender  —  The  budget  requests 

SI  10  million  for  research  aimed  at  pro- 
viding the  basis  of  advanced  missile 

defense  systems — the  same  total  ap- 
propriated for  the  current  fiscal  year. 

"Emphasis  will  be  placed  on  the  devel- opment of  measurement  devices  and 
measurement  experiments  looking  to- 

ward the  definition  of  a  weapons  system 
concept." 

Vela — The  budget  requests  S63  mil- 
lion for  the  various  Vela  nuclear-blast 

detection  projects — S3  million  more 
than  Congress  appropriated  for  Vela 
in  FY  '62.  A  number  of  Atlas-Centaur 
boosters  will  be  used  in  the  FY  '63 
program. 

missiles  and  rockets,  January  29,  1962 

Propellant  Chemistry — The  budget 
requests  $23  million — nearly  a  $5-mil- 
lion  increase  over  FY  '62. 

Advanced  ICBM — The  study  of  ad- 
vanced ICBM  systems  is  to  be  funded. 

Aerospace  Plane — The  budget  re- 
quests funds  for  work  on  ASP  com- 

ponents. This  is  a  "prudent  approach" 
aimed  at  solving  "basic  problems  first 
.  .  .  before  we  decide  whether  to  begin 
the  very  expensive  system  development 

phase  of  this  project." X-15 — The  budget  requests  $10 
million. 

Titan  III — "We  visualize  this  Titan 
///  standard  launch  vehicle  as  a  work 
horse  booster  to  place  in  orbit  a  broad 

range  of  payloads."  This  project  in- 
cludes a  "standardized  upper-stage  ve- 

hicle" that  will  be  compatible  with  Titan 
III  as  well  as  other  primary  boosters. 

Solid  Superbooster  ■ — ■  Additional 
funds — reported  to  be  about  S40  mil- 

lion— are  requested  beyond  the  $50 

million  appropriated  in  FY  "62  for  de- 
velopment of  a  "very  large  solid  rocket 

motor." 
National  Ranges — The  budget  re- 

quests a  total  of  $445  million  for  AMR. 
White  Sands  and  PMR — "almost  50 
percent  more  than  1962."  Most  is  for 
"increased  ground  instrumentation  and 
instrumented  ships"  at  the  Atlantic  Mis- sile Range. 

Dyna-Soar — "The  level  of  effort  we 
are  recommending  is  all  that  is  required 

and  all  that  can  be  effectively  utilized.'* McNamara  did  not  reveal  the  amount. 
8 

New  'Belt1  Concept 

(Continued  from  page  31) 

•  Mistake  found — A  State  Univer- 
sity of  Iowa  experiment  unexpectedly 

revealed  what  may  be  an  error  by  a 
factor  of  a  thousand  in  previous  esti- 

mates of  the  electron  intensity  in  the 
"outer"  radiation  zone.  Past  measure- 

ments were  interpreted  to  indicate  that 
the  intensity  of  electrons  with  energies 
above  40  kilo  volts  was  about  10"  par- 
ticles/sq.  cm. /sec.  However,  Explorer 
XII  data  show  that  the  actual  intensity 
is  closer  to  10s  particles/sq.  cm. /sec. 
Some  earlier  "invalid  assumptions"  are blamed  for  the  error. 

Even  though  the  electron  intensity  is 
shown  to  be  lessened,  there  is  no  de- 

crease in  the  radiation  hazard  for 
astronauts. 

The  83-lb.  Explorer  XII  satellite 
started  out  with  a  1 82-mile  perigee,  a 
48,000-mile  apogee,  and  a  26.5-hour 
period.  Later  the  orbit  was  distorted  by 
solar  and  lunar  perturbations  which 
pulled  the  perigee  upward. 

Predictions  are  that  the  satellite  will 
probably  re-enter  in  two  years.  Mean- 

while, it  is  still  being  monitored  in  the 
hope  it  will  resume  transmitting  .  tt 
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products  and  processes 
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New  Product  of  the  Week: 

Glass  Diode  Sealer 

DEVELOPMENT 

ENGINEERS 

COMBUSTION  DEVICES 

To  be  responsible  for  supervision 
of  the  design,  fabrication,  testing 
and  evaluation  of  liquid  rocket 
engines. 

Experience  in  research,  devel- 
opment and  testing  of  rocket 

components,  gas  generators  and 
associated  equipment. 

Must  have  degree  in  Mechanical, 
Aeronautical  or  Chemical  Engi- 

neering. M.  S.  preferred. 

LIQUID 

PROPULSION  SYSTEMS 

Will  be  responsible  for  developing 
and  proving  new  concepts  in 
liquid  rocket  systems  for  space- 

craft application. 

Experience  and  interest  in 
propellants,  liquid  rocket  engines, 
hydraulic  and  pneumatic  circuitry, 
expulsion  devices  or  components 
is  required. 

Must  have  BS  or  MS  degree  in 
Mechanical,  Aeronautical  or 
Chemical  Engineering. 

Submit  complete  resume  to 

H.  M.  MARXMILLER 

JET  PROPULSION 
LABORATORY 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
4808  OAK  GROVE  DRIVE 
PASADENA,  CALIFORNIA 

*An  equal  opportunity  employer" 
40 

Research  Instrument  Co.  has  avail- 
able in  either  a  four-head  or  five-head 

version  a  universal  diode  sealer,  which 
can  make  gold-bonded  germanium  di- 

odes or  Ohmic  contact  devices  by  means 
of  controlled  overtravel. 

The  operator  loads  a  whisker  as- 
sembly and  a  sleeve  assembly  into  the 

machine  and  as  the  whisker  approaches 
the  germanium  or  silicon,  it  goes  into 

Pressure  Switch 

Servomechanisms,  Inc.,  has  avail- 
able a  pressure  switch  possessing  ex- 

tremely high  accuracy  and  reliability. 
Designated  SM/I  Type  TR  2129,  the 
switch  supplies  a  switch  closure  or  open- 

ing on  either  an  increasing  or  decreasing 

pressure. The  heart  of  the  unit  is  a  pressure 
transducer  using   a   twisted  Bourdon 

4 

a  slow  approach.  At  the  moment  of 
contact,  a  control  circuit  either  stops 
the  head  or  allows  it  to  go  through  a 
controlled  overtravel.  The  glass  is  then 
fused,  sealing  the  unit. 

The  four-head  sealer  generally  can 
produce  more  than  400  diodes  per  hour, 
with  upwards  of  500  per  hour  per  oper- 

ator for  the  five-head  sealer. 
Circle  No.  225  on  Subscriber  Service  Card 

tube.  This  transducer  has  a  long  his- 
tory of  production  for  both  missile 

and  aircraft  applications.  By  coupling 
it  with  unique  solid-state  circuitry, 
SM/I  has  produced  a  pressure  switch 
with  either  single  or  multiple  switch 

points. 
In  addition,  the  TR  2129  has  the 

distinct  advantage  of  a  complete  solid- 
state  switching  function,  eliminating  all 
the  moving  parts  and  contact  closure 
points  normally  found  in  mechanical switches. 

Circle  No.  226  on  Subscriber  Service  Card 

Electrohydraulic  Forming 

A  packaged  electrohydraulic  form- 
ing system  available  from  the  Westing- house  Electric  Corp.  can  store  up  to 

42,500  joules  at  20,000  volts,  be 
charged  to  full  voltage  in  about  three 
minutes,  and  discharge  at  the  rate  of  33 
microseconds  per  cycle. 

The  system  consists  of  a  bank  of 
low-inductance  energy-storage  capaci- 

tors, special  switches  for  discharging 
this  bank  into  the  load,  interconnecting 
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leads,  a  d-c  power  supply  for  charging 
the  capacitors,  and  the  required  controls 
for  operating  the  device.  The  system 
is  packaged  in  two  parts:  a  control  con- 

sole and  a  separate  modular  power  unit, 
consisting  of  d-c  power  supply,  capaci- 

tor bank,  and  switches.  Additional 
modular  power  units  can  be  added  to 
the  single-control  system  to  increase 
system  capacity,  provide  more  reliabil- 

ity, or  give  longer  life. 
Circle  No.  227  on  Subscriber  Service  Card 

Air  Dehydrator 

A  compressed  air  dehydrator  pack- 
age for  drying  air  and  ridding  it  of  oil 

and  dirt  contaminants  is  available  from 
Wilkerson  Corp. 

Rated  at  a  maximum  of  10  scfm  at 
100  psi,  the  unit  can  lower  the  dew 
point  of  air  to  —  100°F,  and  removal 
of  oil  to  2  PPM.  It  does  not  require 
draining:  the  first  stage  of  the  unit  has 
a  moisture  separator  with  a  built-in 
automatic  sump  drain  mechanism.  The 
second  stage  is  a  filter  that  removes 
dirt — as  small  as  3  microns  in  size — 
and  oil  fumes. 

Circle  No.  228  on  Subscriber  Service  Card 

Magnetic  Amplifiers 
A  series  of  miniaturized  magnetic 

amplifiers  measuring  less  than  8  in.3 
has  been  designed  by  Military  &  Com- 

puter Electronics  Corp.  Intensive  lab 
testing  and  lack  of  field  failures  give 
the  units  a  life  conservatively  estimated 
at  10  years. 

The  "Ten  Line"  magnetic  amplifiers 
are  d-c  to  d-c,  operating  in  the  1  to  10 
microwatt  range  with  a  power  gain  of 
approximately  40  db.  Delivering  +  or 
— 7.5v  across  lk  ohm,  the  units  will 
withstand  1000%  overloads  or  opera- 

tion into  short  circuit.  Power  require- 
ments are  115v  (+  or  —10%)  on  a 

400  cps  source.  Range  of  operating 
temperatures  is  from  +10°  to  +130°F. Circle  No.  229  on  Subscriber  Service  Card 

Transistor  Chopper 
A  miniature  transistor  chopper  with 

a  noise  level  of  only  35  microvolts  is 
being  marketed  by  the  Cambridge  Di- 

vision of  Airpax  Electronics,  Inc. 
Operating  on  a  new  principle,  the 
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Type  7000  provides  isolation  between 
drive  and  signal  circuits  with  precise 
switching  action.  Because  no  drive 
transformer  is  used,  operation  from 
d-c  as  well  as  square  waves  or  pulses 
is  possible.  Typically  the  7000,  driven 
at  400  cps,  has  a  noise  level  of  35 
microvolts  working  into  a  10k  load. 

Circle  No.  230  on  Subscriber  Service  Card 

Continuous  Rotary  Switches 

Electro-Miniatures  Corp.  is  market- 
ing electromechanical  continuous  rotary 

switches  for  timing,  programing,  sam- 
pling, commutating,  and  telemetering. 

The  switch  design  completely  elimi- 
nates sliding  or  "wiping"  action  and 

enables  the  unit  to  operate  for  millions 
of  revolutions,  with  little  or  no  contact 
deterioration — and  essentially  independ- 

AEROJET-GENERAL 
near 

Sacramento,  California 

offers  unusual  opportunities  for: 

INTERNAL  AER0DYNAM1CISTS 

Engineering,  scientific  or  mathematics  degree  required;  advanced  degree  desirable.  Minimum 
of  two  years'  experience  necessary.  Strong  analytical  background  in  aerodynamics  and  internal aerodynamics  desired.  Will  analyze  nozzle  performance  data  and  devise  computer  programs 
for  nozzle  design. 

HEAT  TRANSFER/HYDRODYNAMICS/THERMODYNAMICS 
SPECIALISTS 

Engineering  or  scientific  degree  required,  with  two  years'  experience.  Strong  background essential  in  the  analysis  of  fluid  flow  and  the  analytical  problems  involved  in  transient  and 
oscillatory  flows.  Will  perform  hydrodynamic  pressure-drop  analysis,  evaluate  transient  hydro- 
dynamic  behavior  in  closed  loop  fluid  flow,  conduct  testing,  and  analyze  results. 

ROTATING  MACHINERY  ENGINEERS 

Engineering  degree  necessary ;  advanced  degree  desired.  Two  to  five  years'  experience  in  design of  high-temperature  turbines  and  rotary  shaft  seals.  Experience  with  exotic  fluids  desirable. 
Aircraft  or  missile  background  advantageous. 

THRUST  CHAMBER  ENGINEERS 

B.S.  or  M.S.  in  aerodynamics  or  mechanical  engineering.  At  least  five  to  ten  years'  experience in  heat  transfer  and  thermodynamics.  Will  work  in  areas  related  to  rocket  injector,  chamber 
and  nozzle  concepts. 

DESIGN  ENGINEERS 

Three  to  ten  years'  experience.  Salary  and  position  commensurate  with  experience  and  educa- tion. Special  capabilities  desired  include:  stress  analysis  of  pressure  vessels  and  hydraulic 
components,  vibration  and  fatigue  analysis,  metallurgy  and  fabrication  techniques  with  ferrous 
and  non-ferrous  metals,  and  non-metallic  fabrication  techniques,  as  applied  to  light-weight 
structures  for  rocket  engines. 

DESIGN  ENGINEERS/MECHANICAL  GROUND  SUPPORT 
EQUIPMENT 

Engineering  degree  required.  Two  to  ten  years'  experience  in  mechanical  equipment  design. Will  have  complete  responsibility  for  design  of  individual  items  of  ground  support  equipment, 
such  as  transport  and  handling  equipment,  hydraulic  checkout  equipment,  nuclear  remote 
handling  equipment,  and  specialized  maintenance  equipment.  Design  responsibility  will 
require  extensive  work  on  drawing  board. 

Send  resume  of 
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to: 

E.  P.  James,  Supervisor 
Professional  Placement 

AEROJET-GENERAL  CORPORATION 
P.O.  Box  1947-J 

Sacramento,  California 
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...products  and  processes 

ent  of  speed  of  rotation — to  the  tem- 
perature requirements  of  Specification 

MIL-E-5272. 
Performance  is  equally  good  in  both 

directions  of  rotation;  critical  angular 
tolerances  can  be  maintained  in  both 
directions.  No  auxiliary  systems  are 
required  and  the  switch  is  entirely  self- 
contained. 

Circle  No.  231  on  Subscriber  Service  Cord 

Digital  Data  Reader 

A  digital  data-reader  capable  of 
reducing  thousands  of  points  of  data 
per  day  is  available  from  The  Gerber 
Scientific  Instrument  Co. 

The  system  consists  of  an  X-Y  read- 
ing-head, 16-in.  paper  or  film  transport, 

and  keyboard.  The  reading  head  can 
be  used  separately,  in  conjunction  with 
a  35-mm.  film  projector,  or  with  Ger- 
ber's  66-in.  scanner.  Output  is  to  type- 

writer, IBM  keypunch,  or  punched 
paper  tape. 

Circle  No.  232  on  Subscriber  Service  Card 

Vacuum  Spectrometry 
The  measuring  and  counting  of 

alpha  and  beta  particles  has  been  sim- 
plified considerably  by  a  Vacuum  Spec- 

trometry System  available  from  Solid 
State  Radiations,  Inc. 

The  SSR  Model  301  vacuum  cham- 
ber makes  it  possible  to  perform  alpha 

and  beta  spectroscopy  and  counting 
without  using  complicated  apparatus, 
purge  gas,  and  special  sample  prepara- 

tion. The  stainless-steel  chamber  has 
a  negligible  background  count  and  is 
readily  decontaminated.  Using  the 
NPSG  detector  and  matched  low-noise 
hard-tube  preamplifier,  sample  analysis 

time  is  reduced  to  a  few  minutes. 
The  output  of  the  SSR  Model  103 

direct-mounted,  charge  sensitive  pre- 
amplifier can  feed  directly  into  a  multi- 
channel anlyzer  or  through  a  linear 

amplifier  to  scaling  or  counting  ap- 

paratus. 
Circle  No.  233  on  Subscriber  Service  Cord 

new  literature 

SERVO  MOTORS— Kearfott  Division, 
General  Precision,  Inc.,  has  published 
a  revised  edition  of  its  publication  in- 
titled  "Technical  Information  for  The 
Engineer — Servo  Motors,  Motors  Gene- 

rators, Synchros"  which  details  the 
theory,  performance,  application,  con- 

struction, and  testing  of  such  rotary 
wound  components  as  standard,  high 
inherent-damping,  viscous-damped,  iner- 
tial-damped,  and  synchronous  motors; 
precision  tachometers;  rate  generators; 
damping  tachometers;  mechanical  filters; 
integrating  motor  generators;  and  all 
types  of  high-performance  synchros  and resolvers. 

Circle  No.  200  on  Subscriber  Service  Card 

INFRARED  INSTRUMENTATION— 
A  brochure  (Bulletin  O-014),  available 
from  Barnes  Engineering  Company,  is 
a  collection  of  recently  published  articles 
on  infrared  instrumentation  for  space 
vehicles.  These  articles,  reprinted  from 
the  technical  press,  discuss  the  design 
of  horizon  sensors  and  other  infrared 
instrumentation  for  guidance,  stabiliza- 

tion, navigation,  and  tracking. 
Circle  No.  201  on  Subscriber  Service  Card 

WAVEGUIDE  WINDOWS  — A  com- 
prehensive 12-page  brochure  describing 

waveguide  pressure  windows,  their  ap- 
plications and  installation  suggestions, 

is  available  from  Microwave  Associates, 
Inc.  The  brochure  provides  the  latest 
electrical  and  mechanical  spicifications 
plus  photographs  and  outline  drawings 
with  dimensions  for  over  100  micro- 

wave pressure  windows  in  four  styles. 
Circle  No.  202  on  Subscriber  Service  Card 

FILTER  BROCHURE  — A  brochure 
now  available  is  designed  to  provide  the 
engineer-designer  with  a  graphic  picture 
of  the  ability  of  Wire  Cloth  Products, 
Inc.,  to  met  his  needs  for  micronic  filter 
assemblies.  The  book  traces  the  history 
of  the  company,  shows  numerous  photo- 

graphic examples  of  the  wide  variety  of 
precision  filter  assemblies  it  is  currently 
producing,  and  includes  in-plant  pictures 
that  illustrate  capacity  for  producing  in 
any  quantity  to  the  most  exacting standards. 

Circle  No.  203  on  Subscriber  Service  Cord 

AND 

in  a  HAWS  Emergency 
Drench  Shower. 

Burning,  corrosive,  caustic 
contamination  can  inflict  injuries 

more  dangerous  than  blazing 
clothing!  Contamination  by 

acids,  chemicals,  volatile  fuels, 
radioactive  elements,  etc., 

must  be  instantly  countered  by 
first  aid.  Immediate  drenching 

with  clear  water  is  the  first 
precaution  against  permanent 

injury.  HAWS  leads  in 
design  and  production  of 

Emergency  Drench  Showers! 
Ask  for  our  complete  catalog. Model  8590 

Multiple  nozzle  shower  drenches victim  from  all  angles. 

Since  1909 
DRENCH  SHOWERS 

a  product  of  HAWS  DRINKING  FAUCET  COMPANY    1443  Fourth  St.,  Berkeley  10,  Calif. 
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contracts 

AIR  FORCE 
$40,652,000 — Boeing  Co.,  Seattle,  for  produc- 

tion of  operational  missiles  and  training 
equipment  related  to  the  Minuteman 
weapon  system  and  for  assembly  and 
checkout  of  a  Minuteman  wing  (two  con- 

tracts) . 
$20,000,000 — North  American  Aviation, 
Downey,  Calif.,  supplemental  contract  for 
research  and  development  on  the  Minute- 
man  missile  guidance  and  control  package. 

$17,500.000 — Boeing  Co.,  Seattle,  supplemental 
contract  for  development  of  Dyna-Soar. 

$8,350,000 — Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  for  research,  development  and 

production  of  space  satellite  vehicles  (two 
contracts). 

$7,560,210 — International  Business  Machines 
Corp.,  Rockville,  Md.,  definite  contract 
superseding  letter  contract  for  fabrication 
of  an  air  defense  computer. 

$6,931,000 — Martin  Marietta  Corp.,  Baltimore, 
supplemental  contract  for  production  of 
ground  equipment  for  Titan  II  missiles. 

$5,996,167 — Martin  Marietta  Corp.,  Denver, 
supplemental  contract  for  activation  of 
Titan  sites  at  Ellsworth  AFB,  S.D.:  Moun- 

tain Home  AFB,  Idaho;  Larson  AFB.  Wash.; 
and  Beale  AFB,  Calif. 

$5,871,685 — Aerospace  Corp.,  El  Segundo, Calif.,  supplemental  contract  for  systems 
engineering,  technical  direction  and  man- 

agement services  in  support  of  ballistic 
missile  and  space  programs. 

$4,000,000— Temco  Electronics  Division,  Ling- 
Temco-Vought,  Inc.,  Dallas  for  continued 
manufacture  of  actuators  for  the  Minute- 
man  ICBM. 

$2,850,000 — Minneapolis-Honeywell  Regulator 
Co.,  St.  Petersburg,  Fla..  supplemental  con- 

tract for  development  of  the  primary  guid- 
ance system  for  Dyna-Soar. 

$2,600,000 — Radio  Corp.  of  America,  Camden, 
N.J.,  supplemental  contract  for  production 
of  Dyna-Soar  communications  and  track- 

ing equipment. 
$2,512,500— Western  Electric  Co.,  New  York 

City,  supplemental  contract  for  research 
and  development  of  the  Titan  I  guidance 
system. 

$2,287,000 — Space  Technology  Laboratories, 
Los  Angeles,  supplemental  contract  for  site 
activation  engineering  for  Atlas,  Titan  and 
Minuteman  missiles. 

$2.090,000 — Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  supplemental  contract  for  re- 

search and  development  of  satellite  control 
systems. 

$2,000,000— General  Electric  Co.,  Syracuse, N.Y.,  supplemental  contract  for  research 
and  development  of  airborne  guidance 
equipment  in  support  of  space  programs. 

$1,605.000 — International  Business  Machines 
Corp.,  Cocoa  Beach,  Fla.,  for  rental  of  IBM 
data  systems  and  components  located  at 
Patrick  AFB  and  at  Cape  Canaveral  Missile 
Test  Annex  for  a  period  of  6  months  (two 
contracts). 

$1,290,000— Radio  Engineering  Laboratories, 
Long  Island  City,  N.T.,  definite  contract 
superseding  letter  contract  for  production 
of  communications  equipment. 

$1,250,000  —  Douglas  Aircraft  Co.,  Santa 
Monica,  Calif.,  letter  contract  for  pro- duction of  Thor  boosters. 

$1,179,489— North  American  Aviation,  Los 
Angeles,  supplemental  contract  for  produc- 

tion of  launchers,  aircraft  modification 
kits,  and  related  equipment  for  Bull-pup missiles  on  F-100  series  aircraft. 

$644,813 — Sperry  Rand  Corp.,  Remington 
Rand  Univac  Div.,  St.  Paul,  Minn.,  for 
assembly  installation  and  test  of  an  an- 

tenna steering  computer  and  control. 
$600,000 — Defense  Research  Corp.,  Santa  Bar- 

bara, Calif.,  for  scientific  study  in  the  field 
of  ICBM  warfare. 
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$60,083 — Human  Sciences  Research,  Inc.,  Ar- 
lington, Va.,  for  research  and  development 

services  on  techniques  in  advanced  aero- 
space command  and  control  systems. 

$55,000 — University  of  Colorado,  Boulder, 
for  research  directed  toward  the  solar  spec- 

trum by  photographic  means  from  rockets. 
$29,279 — Aerojet-General  Corp.,  Azusa,  Calif., 

for  analytical  studies  of  an  Exos  sounding 
rocket. 

ARMY 
$111,757,959— Martin  Marietta  Corp.,  Orlando, 

Fla.,  primarily  for  production  of  Pershing 
weapon  system  (two  contracts). 

$28,363,356 — Raytheon  Co.,  Lexington,  Mass., 
for  concurrent  repair  parts,  field-mainte- 

nance test  equipment  production,  ground 
equipment,  assembly  and  checkout  and 
engineering  services  for  the  Hawk  missile 
system  (seven  contracts). 

$11,192,430 — Western  Electric  Co.,  Inc.,  New 
York  City,  for  production  engineering  serv- 

ices for  Nike-Hercules  missile  system  and 
for  spare  parts  (17  contracts). 

$2.126,866— Sperry  Utah  Co.  Div.,  Sperry  Rand 
Corp.,  for  ground  handling  and  test  equip- 

ment, publications,  ground  support  and 
missile  test  items,  for  Sergeant  missile  (10 contracts) . 

$929,975 — General  Electric  Co.,  Syracuse,  for 
HIPAR  ORD-8  repair  parts  for  Hercules 
missile  (five  contracts) . 

$929,848 — Raytheon  Co.,  Lexington,  Mass., 
for  concurrent  repair  parts  and  rework  of 
assemblies  for  Hawk  missile  systems  (two contracts) . 

$500,000 — Martin  Marietta  Corp.,  Orlando, 
Fla.,  for  feasibility  study  for  TOW  missile 
system. 

$500,000 — McDonnell  Aircraft  Corp.,  St.  Louis, 
for  feasibility  study  for  TOW  missile 
system. 

$500,000 — Hughes  Aircraft  Co.,  Aerospace 
Group,  Culver  City,  Calif.,  for  feasibility 
study  for  TOW  missile  system. 

$465,815 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  for  spares  for  control  indi- 

cator, control  surface  kits  actuator  assem- 
bly and  ORD-8  spares  (five  contracts). 

$390,574 — J.  Hilbert  Sapp,  Inc.,  Orlando.  Fla.. 

for  construction  of  G/M  data  transmitter 
building,  AF  Missile  Test  Center,  Patrick 
AFB. 

$315,000— Columbia  University,  New  York 
City,  for  analysis  of  radar  noise  in  the 
Nike  and  related  systems. 

$212,878 — Martin  Construction  Co.,  Cocoa 
Beach,  Fla.,  for  relocation  of  utilities  for 
Pad  36B,  Cape  Canaveral  Missile  Test 
Annex,  AF  Missile  Test  Center,  Patrick AFB. 

$106,565 — Martin  Marietta  Corp.,  Orlando, 
Fla.,  for  replenishment  spare  parts  for 
Lacrosse  weapon  system  (two  contracts) . 

INDUSTRY 
$750,000 — Hughes  Aircraft  Co.,  Culver  City, 

Calif.,  from  General  Dynamics,  for  con- 
tinued development  of  an  advanced  guid- 

ance unit  for  the  Mauler  tactical  air  de- 
fense system  missile. 

$120.000 — Universal  Match  Corp.,  St.  Louis, 
from  Boeing,  for  explosive  parts  for  the 
Minuteman  stage-separation  system. 

$69,000 — Guidance  Technology,  Inc.,  Santa 
Monica,  Calif.,  from  Texas  Instruments 
Inc.,  for  an  advanced  model  vertical  gyro 
for  stabilizing  airborne  antenna. 

NAVY 

$38,189,123 — Raytheon  Co.,  Aero/Weapons  di- 
vision, Waltham,  Mass.,  for  Sparrow  III 

guided  missiles. 
$9,609,900 — Hercules  Powder  Co.,  Wilmington, 

Del.,  for  continued  effort  on  research  and 
development  of  solid  propellants. 

$2,718,881 — Westinghouse  Electric  Co.,  Sunny- 
vale, Calif.,  for  research  and  development 

effort  on  the  Polaris  launching  system. 
$1.756,715 — Texas  Instruments,  Inc.,  Dallas, 

for  radar  components. 
$1.505,754 — Bendix  Corp.,  Mishawaka,  Ind., 
third  contract  for  research  and  develop- 

ment effort  on  Typhon  missiles. 
$1.500,000 — Lockheed  Missiles  and  Space  Co., 
Sunnyvale,  Calif.,  for  ground  test  and 
training  missiles  in  connection  with  the 
Polaris  program. 

r 
OPERATIONS  RESEARCH  INCORPORATED 

Current  contractors  to  D.O.D.  and  Industry  for  Integrated 
Management  Information  Systems  Design  and  Implementation  providing  effective control  over  Time,  Costs  and  Performance 

ANNOUNCES 

1962  MANAGEMENT 

SEMINARS  &  COURSES 

Basic  PERT  System    •    Advanced  PERT  Systems 
PERT  Analyst's  Course PERT  Courses  for  Military  Personnel 

Management  Games  Design  for  Research  and  Training 
Business  Intelligence  and  Advanced  Planning 

Program  Reliability  Management  Information  Systems 
Special  In-Plant  Courses  for  Military  and  Industry 

For  Nationwide  Locations  and  Course  Schedules,  call  or  write: 

OPERATIONS  RESEARCH  INCORPORATED 
System  Training  Centers 

225  Santa  Monica  Boulevard        [  8605  Cameron  Street Santa  Monica,  California  !  Silver  Spring,  Maryland 
Phone:  394-2763  Phone:  JU  8-6180 
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MILITARY SPACE 

SYSTEMS 

Another  first  for  MISSILES  AND  ROCKETS, 

presenting  all  the  nation's  military  space 
projects  and  programs  in  a  single  package  in 

M/R's  2nd  annual  research  and  engineering  issue — 
theme:  MILITARY  SPACE  SYSTEMS 

The  military  space  budget 

is  expected  to  more  than  double  in  '62 
and  the  upward  trend  will  continue. 

In  M/R's  highly  successful  NASA  issue,  published 
November  27,  1961,  M/R's  editors  totally 
covered  NASA's  programs  and  projects. 
On  March  26,  1962,  M/R  will  publish  its  second 
annual  Research  and  Engineering  issue, 

the  companion  to  the  NASA  issue.  In  it,  M/R's 
editors  will  cover  the  military  space  budget, 

programs  and  projects,  personnel,  facilities, 

and  contracting  procedures — with  emphasis 
on  what  the  military  will  buy  in  the  future. 
And  most  important  .  .  .  M/R  will  provide  an 
Industry  Guide  to  the  Military  Space  Centers. 
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editorial . . . 

Once  Upon 

ONCE  UPON  A  TIME,  in  a  land  long  ago  and 
far  away,  there  existed  a  Kingdom  so  blessed 

by  all  the  good  things  of  life  that  sometimes  it  still  is 
spoken  of  with  awe  when  the  wise  men  gather  by  the 
council  fires  in  the  evenings.  Its  men  were  tall,  strong 
and  proud.  Its  women  were  the  fairest  in  the  world. 
Its  earth  yielded  up  bountiful  crops  and  the  meat  of 
its  cattle  was  as  tasty  as  the  wine  of  its  grapes. 

The  King  was  both  good  and  wise.  He  ruled  with 
a  strong  hand  but  he  loved  his  people. 

Rust  grew  on  the  pointed  spears  of  the  warriors 
and,  in  the  warm  sunshine,  spiders  spun  their  filmy 
webs  across  the  shields  hung  on  the  battlements  of 
the  castle.  It  was  not  always  thus.  Many  times,  the 
Kingdom's  tall,  strong  and  proud  men  had  gone forth  to  shed  their  blood  in  defense  of  their  lands 
and  their  women.  Many  times,  they  had  defeated  the 
enemies  of  the  Kingdom  until  everyone  now  feared 
the  strength  of  these  warriors  and  Peace  was  upon 
the  land. 

In  the  evenings,  when  the  long  shadows  of  the 
mountains  sheltering  the  fertile  Kingdom  fell  across 
the  valley,  the  children  gathered  around  the  story- 

tellers to  hear  tales  of  valor  in  battles  past. 
The  pleased  laughter  of  the  children  was  as  music 

to  the  King's  ears.  The  women  ceased  their  chores to  listen  and  the  men  homeward  bound  from  the 
fields  looked  at  one  another  and  smiled.  Never  had 
life  in  the  Kingdom  been  happier. 

Then  a  small  cloud  appeared  to  darken  this 
happiness. 

One  day,  the  King's  Chief  Advisor  called  upon him. 

"King,"  he  said,  "the  tiny  kingdom  of  Ethelred 
is  talking  of  war  against  us.' 

The  King  was  a  man  of  action. 
"Go  at  once  and  see  that  all  our  spears  are 

sharpened  and  the  cobwebs  swept  from  our  shields," 
he  ordered  the  Chief  Advisor.  He  summoned  a  mes- 

senger to  his  side. 

"Proceed  to  the  King  of  Ethelred  and  tell  him  we 
are  prepared  and  that  he  cannot  take  us  by  surprise." 

While  the  royal  messenger  was  gone,  the  men  of 
the  Kingdom  sharpened  the  spears  and  polished  the 
shields,  although  many  grumbled  that  this  duty  was 
interfering  with  the  harvest  and  the  wine-making. 

When  the  messenger  returned,  he  reported  to  the 
King  that  the  warriors  of  the  Kingdom  of  Ethelred 
were  occupied  with  the  making  of  many  spears. 

"They  cannot  fool  us  with  that  game,"  the  wise 
King  said  and  he  ordered  more  spears  to  be  made. 
The  Kingdom  busied  itself  with  the  making  of  spears 
until  one  day  a  spy  appeared  from  the  Kingdom  of Ethelred. 

"King,"  he  said,  "it  appears  we  have  made  a  mis- 
take. The  people  of  Ethelred  are  not  making  spears; 

they  are  making  a  strange  new  weapon  which  con- 
sists of  a  handle  and  a  chain  with  a  spiked  ball  at 
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a  Country 

the  end  of  it.  It  appears  most  deadly." 
"Then,"  said  the  King,  "we  shall  make  just  as 

many  of  this  new  weapon  as  they  are  making."  So 
the  weapons-makers  of  the  Kingdom  ceased  making 
spears  and  began  making  the  deadly  new  weapon 
with  the  spiked  ball  on  the  end. 

This  continued  until  the  spy  again  returned  from 
the  Kingdom  of  Ethelred. 

"King,"  he  said,  "it  appears  we  once  again  have 
made  a  mistake.  Our  enemies  are  not  making  very 
many  of  those  spiked  ball  items.  They  are  making  a 
great  many  of  something  called  a  catapult,  which 
can  hurl  a  stone  a  fierce  distance.  It  appears  to  be 

an  extremely  deadly  weapon." 
"There  will  be  no  Catapult  Gap  around  here," 

the  King  averred.  He  ordered  his  weapons-makers  to 
stop  making  spiked  balls  and  to  concentrate  on  build- 

ing catapults.  The  Kingdom,  which  now  had  three 
storehouses  full  of  spears  and  four  storehouses  full 
of  the  spiked  ball  item,  concentrated  on  producing 
catapults. 

THE  CATAPULTS  were  being  emplanted  at  stra- 
tegic locations  around  the  Kingdom  when  the 

spy  again  returned  from  the  Kingdom  of  Ethelred. 
"King,"  he  said,  "you  are  not  going  to  like  this. 

The  Ethelreds  didn't  build  very  many  catapults  after 
all.  They  have  spent  a  lot  of  time  growing  wheat  and 
raising  cattle  and  they  are  building  a  boat  to  discover 
America.  In  addition,  they  have  been  seen  rolling  big 
rocks  around  the  top  of  our  mountain,  which  may 

be  a  new  kind  of  weapon." 
"You,"  said  the  King,  "are  a  lousy  spy."  He 

fired  the  spy  and  reorganized  the  department.  He 
ordered  the  Chief  Advisor  to  get  an  America  - 
discovering  launch  program  under  way  at  once.  When 
the  Chief  Advisor  asked  about  the  mysterious  new 

Ethelred  weapon,  the  King  told  him:  "We  have  three storehouses  of  spears,  four  storehouses  of  that  spike 
ball  item  and  all  those  catapults  which  the  Ethelreds 
don't  have.  We  also  have  an  America-discovering 
project.  We  also  have  to  get  the  grapes  picked  be- 

cause there  is  a  big  wine  festival  coming  up.  And 

whoever  heard  of  using  big  rolling  rocks  as  weapons?" Soon,  a  messenger  arrived  from  the  King  of 
Ethelred. 

"Surrender,"  the  message  said,  "or  we  will  push 
big  rocks  down  on  your  Kingdom." 

"I  would  rather  be  dead  than  Ethelred!"  shouted 
the  good  and  wise  King  and  a  short  time  later  he  was. 
The  Ethelreds  pushed  the  rocks  down  the  mountain, 
killed  the  King,  destroyed  the  Kingdom  and  took 
away  the  fair  women  and  the  tasty  wine.  Nowadays, 
you  don't  hear  much  about  the  Kingdom. 

MORAL:  YOU  NEVER  KNOW  WHEN  SOME- 
THING IN  ORBIT  IS  GOING  TO  FALL  ON  YOU. 

William  J.  Coughlin 
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EARTH  SCIENCES  AT  DRESSER  ELECTRONICS, 

Since  1945  Dresser  Electronics  has  been  solving  instrumentation 

problems  associated  with  earth  probes — first  to  find  oil  traps 
for  petroleum  geophysicists,  now  also  to  provide  immediate  answers  to 

vital  defense  and  security  problems.  A  sample  of  present  contracts — 

for:  U.S.  GEOLOGICAL  SURVEY  (Major  Crustal  Studies  Project)— Long-Range 
Recording  Systems  for  VELA  UNIFORM  program. 

DEPT.  OF  DEFENSE  (Civil  Defense)— an  Automatic  Radiation  Moni- 
toring System. 

USAF  (ARPA)— development  and  prototype  of  Unmanned  Seismic 
Station. 

US  ARMY  (Signal  Supply  Agency)— instruments  and  field  studies  rel- 
evant to  seismic  techniques  for  Missile  Impact  Location. 

USAF  (Systems  Command/ Hanscom  Field)-development  of  VLF  Elec- 
tronic Seismometer  with  possible  lunar  probe  application. 

Dresser/SIE  systems  engineering  is  also  at  work  in  other  projects 
throughout  military,  industrial  and  defense  areas. 

The  unique  approach  of  this  systems-oriented  company  may  solve  your  problem. 

NATURALLY! 

DRESSER  ELECTRONICS 

DIVISION ONE  OF  THE  DRESSER  INDUSTRIES 

10201  Westheimcr,  Houston  42,  Texas 

Circle  No.  15  on  Subscriber  Service  Card 
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PROGRESS  IS  A  HABIT 

Mission  after  mission  after  mission  accomplished.  The  X-l  5,  powered  by  rocket  engine  XLR-99  from 
the  Reaction  Motors  Division  of  Thiokol,  has  met  all  flight  objectives,  has  progressively  increased 

performance,  has  already  exceeded  its  designed  speed.  XLR-99,  the  only  man  rated,  throttleable,  pilot 
controlled  rocket  engine  repeatedly  proven  in  flight,  boasts  a  past  linked  to  Thiokol  engines  of  early 

experimental  aircraft— the  X-l,  X-l  A,  XF-91  and  Skyrocket.  Its  future  lies  on  the  paths  to  the  stars. 

<0^^^^f      O  f  CHEMICAL  CORPORATION  •  BRISTOL,  PENNSYLVANIA 
X ̂ &£AAC9V  FIRST  IN  ROCKET  PROPULSION 

Rocket  Operations  Center:  Ogden,  Utah  •  An  Equal  Opportunity  Employer 

Circle  No.  16  on  Subscriber  Service  Card 
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EE     MISSILElSPACE  WEEKLY 

Studying  Solid  Formation  Under  Space  Conditions 

Could  J'burg  Control  Have  Landed  Ranged 
Star  Gazer  May  Revolutionize  Astronomy 

SPECIAL  REPORT:  Electrical  Propulsion  ... wnsnn  sn&  wojsaon 
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ROCKETS 

DIVERSITY. . .  at  PRATT  &  WHITNEY  AIRCRAFT 

CRYOGENICS 

HYPERSONIC  PROPULSION 

RL-10 

DIRECT  ENERGY  CONVERSION 

FUELCELLS 

NUCLEAR 

creates  engineering  careers 

in  Connecticut  and  Florida 

Diversity  .  . .  spanning  the  field  of  space  age  power  . . .  pro- 
vides challenging  opportunities  for  engineers  and  scientists 

at  the  East  Hartford,  Connecticut  Facility  and  Florida 
Research  and  Development  Center  of  Pratt  &  Whitney 
Aircraft. 

From  the  position  of  more  than  35  years  of  leadership  in  the 
flight  propulsion  field,  P&WA  is  contributing  experience 
and  imagination  to  advancing  the  areas  of  •  space  tech- 

nology •  military  and  industrial  powerplant  develop- 
ment •  surface  locomotion  •  marine  and  submarine 

propulsion  •  and  a  varied  field  of  energy  conver- 
sion systems. 

EXCELLENT  FACILITIES:  Privately  owned  facilities 
provide  for  the  accelerated  development-testing  of  ad- 

vanced powerplants,  advanced  rocket  motors,  high-mach 
turbojet  engines,  and  full-scale  rocket  components.  Further 
assisting  our  engineers  are  comprehensive  automatic  data 
acquisition  and  processing  systems,  including  the  latest  in 
computing  facilities. 

Engineers  and  scientists  at  all  levels  of  experience  are 
invited  to  investigate  the  unusually  creative  climate  and  the 
opportunities  to  further  professional  stature  at  Pratt  & 
Whitney  Aircraft. 

Please  submit  your  resume,  including  minimum  salary  requiren nls.  to: 

MR.  P.  R.  SMITH.  OFFICE  44 
PRATT  &  WHITNEY  AIRCRAFT 

410  MAIN  STREET  —  or— 
EAST  HARTFORD  8.  CONNECTICUT 

MR   J.  W.  MORTON.  OFFICE  44 
PRATT  &  WHITNEY  AIRCRAFT 

WEST  PALM  BEACH 
FLORIDA 

All  replies  will  be  handled  promplly  and  in  complete  contiden 

Pratt  &  Whitney  Aircraft 
An  Equal  Opportunity  Employer 

Circle  No.  1   on  Subscriber  5ervice  Card 
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purposeful  imagination ....  in  time 

The  men  of  Aerospace  apply  the  full  resources  of  modern  science  and  technology  in  a  timely  manner  to  achieve 

the  continued  advances  in  ballistic  missile  and  space  systems  basic  to  national  security.  Their  mission 

includes  stimulating  the  flow  of  the  most  advanced  scientific  information  and  objectively  planning  the  technical 

management  programs  necessary  to  generate  superior  systems  in  the  shortest  possible  time.  □  Chartered  exclusively  to 

serve  the  United  States  Government  in  this  effort  and  acting  in  partnership  with  the  Air  Force-science-industry  team, 

the  men  of  Aerospace  contribute:  advanced  systems  analysis  and  planning;  theoretical  and  experimental 

research;  general  systems  engineering  and  corresponding  technical  direction  of  programs.  □  To  aid  in  reducing  the 

timetable  of  advanced  systems,  from  concept  through  completed  mission,  more  men  with  advanced  degrees  are 

needed  at  Aerospace  Corporation,  an  equal  opportunity  employer.  Dedicated  interdisciplinary  scientists  and  engineers 

who  can  contribute  effectively  are  invited  to  contact  Mr.  George  Herndon,  Room  105  ,  Aerospace  Corporation, 

E  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public  j/^J^  J§  P.AC  E interest  and  dedicated  to  providing  objective  leadership  in  the  advancement  RPO  RA.T IO^N and  application  of  science  and  technology  for  the  United  States  Government,   hoo  east  el  segundo  blvd..  el  secundo,  California 



The  Calibre  of  An  Aerospace  Organization  is  Evidenced  by  the  Calibre  of  the  Problems 
Put  To  It  by  its  Customers  —  and  by  the  Company  to  its  Engineers 

Engineers,  Scientists 

what's  your  opinion: 

ON  HOW  TO 
CREATE 

A  REALISTIC 
SPACE  SIMULATOR  7 

This  is  a  question  put  to  Bell  Aero- 
systems  last  year  by  the  Air  Force.  If 
you  had  been  a  member  of  Bell's technical  staff  then,  you  might  have 
been  one  of  those  who  developed  the 
space  environment  simulation  concept 
now  being  engineered  into  actuality 
here.  It  is  based  upon  a  high-resolu- 

tion, closed-loop  television  system 
superimposing  images  generated  by  3 
studios.  Many  stimulating  problems, 
however,  remain  to  be  solved  in:  de- 

velopment of  an  electronic  planetar- 
ium, real  time  digital  flight  dynamics, 

television  image  insetting  techniques, 
TV  noise  alleviation  techniques. 

A 

ON  HOW  TO 
PROVIDE  OPTIMUM 

VEHICLE  TOUCHDOWN 
DISPERSIONS  WITH  A 
FULLY  AUTOMATIC, 
ALL-WEATHER 

LANDING  SYSTEM  7 

Your  informed  opinions  on  any  as- 
pect regarding  landing  of  boosters  or 

space  vehicles  will  receive  thorough 
consideration.  Bell  engineers  have  al- 

ready created  a  system  in  landing 
conventional  aircraft  providing  a  30% 
improvement  in  this  area,  as  demon- 

strated by  4000  landing  tests  made 
by  U.S.  Navy  and  Air  Force  planes. 
Vehicle  landing  systems  and  special- 

ized equipments  are  advanced  con- 
cepts now  under  study. 
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ON  HOW  TO 
PROVIDE  AN  ASTRONAUT 

WITH  POSITIVE, 
FLEXIBLE  STEERING  CONTROL 

IN  SPACE? 

Your  answer  will  certainly  contain 
the  statement  that  much  depends  upon 
the  particular  space  mission  but  that 
reaction  controls  will  be  the  founda- 

tion of  the  system. 
This  revolutionary  concept  was 

originated  by  Bell  engineers  for  Bell's own  X-1B  high  altitude  research 
plane.  More  refined  Bell  Systems  were 
developed  for  the  X-15,  Mercury  cap- 

sule, Agena  booster/satellite  and 
Centaur  program.  Bell's  Reaction Controls  are  applicable  to  missiles, 
satellites,  re-entry  vehicles  —  indeed, 
any  object  requiring  a  continuous/ intermittent  or  variable  thrust  vector. 
One  unique  recent  application  is  the 
Bell  rocket  belt  for  the  infantry  man. 

The  three  problems  high-lighted  above  are  representative  of  the  wide  range  of  unusual 
challenges  offered  engineers  at  Bell.  Others  concern  such  diverse  projects  as  advanced 
Agena*  rocket  engines  for  NASA's  Ranger  and  Marine  vehicles;  Hydroskimmer  (air 
cushion)  amphibians  for  the  U.S.  Navy;  battlefield  surveillance  systems;  automatic  check- 

out equipment;  missile  &  drone  recovery  systems.  Another  important  field  at  Bell  is  Inertial 
Guidance  and  Navigation  Systems,  many  of  which  employ  an  appropriate  member  of  Bell's 
family  of  Hipernas**  inertial  platforms.  //  you  would  like  to  pit  your  talents  against  tough- 
calibre  problems,  look  into  current  openings  with  Bell. 
•Bell's  Agena  —  most  reliable  rocket  engine  yet  designed.  Already  used  In  Discoverer  program,  Midas,  other  satellites. 

••Hipernas  (High  PERformance  NArigatlonal  System) — the  most  accurate,  pure-lnertlal.  self-compensating  navigation  and guidance  system  known. 
INERTIAL  GUIDANCE 

Various  degree  levels  with  2  to  8  years  specific 
experience  in  one  of  the  following  areas:  logic 
design  and  magnetic  memory  development:  low 
frequency  design  and  development  involving 
servos;  systems  and  component  testing,  re- 
solver  chains,  gyros,  accelerometer  integrators: 
Inertial  instrument  development. 

RADAR 
MS  with  5  to  10  years  research  and  develop- 

ment experience  on  radar  equipment,  pulse  cir- 
cuitry, feed-back  circuits,  CW  covering  full 

frequency.  Openings  also  in  Tucson,  Arizona. 

ELECTRONIC  SYSTEMS 
MS  preferred,  with  minimum  5  years  experience 
for  synthesis  and  analysis  of  advanced  systems 
such  as  air  traffic  control,  target  locators,  vis- 

ual simulators  and  feed-back  controls.  Openings also  in  Tucson,  Arizona. 

SYSTEMS  ENGINEERING 
BS  in  ME,  Applied  Math,  AE  or  Physics.  Experi- enced in  the  dynamics  of  closed-loop  systems, 
guidance,  mechanics  of  vehicle  flight,  space 
mechanics,  analog  and  digital  computing 
systems. 

/Ok 
■  Please  address  resumes  to  Mr.  George  Klock 

BELL  AEROSYSTEMS  CO. 
DIVISION  OF  BELL-  AEROSPACE  CORPORATION -A  teXtfOnl  COMPANY 
An  Equal  Opportunity  Employer  P.O.  Box  *1,  Buffalo  5,  New  York 
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letters 

Artificial  Shortage? 
To  the  Editor: 

This  is  just  to  add  an  "Amen"  to  Mr. 
Harold  A.  Weinbaum's  letter  in  M/R, 
Jan.  15,  for  his  theory  regarding  the  short- 

age of  engineers. 
There  are  many,  many  good  engineers 

approaching  45  years  of  age  who  have 
hired,  fired,  trained  and  supervised  young 
engineers  for  the  past  10  to  15  years.  Un- 

less there  is  a  change  in  the  present  atti- 
tude of  most  engineering  organizations, 

the  only  thing  most  of  the  "45-year-olds" have  to  look  forward  to  in  the  next  10 
years  is  selling  insurance  or  real  estate. 
And  what  will  the  young  engineer  have 
to  look  forward  to  in  his  so-called  old  age! 

What  a  waste  of  good  engineering 
talent! 

Also,  what  is  the  good  of  a  retirement 
program  when  these  older  engineers  are 
"eased  out"  before  they  ever  reach  retire- 

ment age.  to  make  room  for  the  younger 
ones? 

W.  C.  Moore 
Denver 

To  the  Editor: 

I  would  like  to  add  a  hearty  "amen" 
to  the  views  expressed  in  your  Jan.  15 
issue  by  Mr.  Warren  E.  Hanson  and  Mr. 
Harold  A.  Weinbaum.  I  believe  these  two 
gentlemen  have  pointed  out  the  two  most 
important  aspects  of  the  so-called  Scientist/ 
Engineer  Shortage.  In  fact,  there  is  no 
shortage,  but  there  very  definitely  is  poor 
utilization  of  existing  scientific  and  engi- 

neering personnel.  This  leads  to  an  appar- 
ent shortage  because,  for  example,  three 

men  are  apparently  required  to  achieve 
the  same  result  that  two  men  properly 
trained  and  supervised  can  produce. 

The  nation  needs  to  fully  exploit  the 
talents  of  both  "non-graduates"  and  "old 
engineers.  Together,  they  can  make  a 
potent  combination. 

L.  E.  O'Rourke Pittsburgh 

To  the  Editor: 
I  wonder  if  you  would  be  interested  in 

a  wife's-eye-view  of  the  so-called  engineer shortage?  After  sitting  across  the  break- 
fast and  dinner  table  from  an  engineer 

for  13  years  and  listening  to  his  daily 
diatribes  on  what  is  wrong  with  the  en- 

gineering profession — I  feel  qualified  to 
discuss  any  related  subject! 

Mr.  Weinbaum's  letter  on  the  problem 
of  the  old  engineer  is  very  true,  and  has 
encouraged  me  to  inform  you  that  the 
situation  is  even  worse  than  he  has  pic- 

tured. One  doesn't  have  to  be  that  old 
to  encounter  difficulties  landing  an  engi- 

neering job.  Some  of  the  barriers  my  39- 
year-old  husband  is  becoming  aware  of  are 
so  insidious  as  to  be  almost  unbelievable. 
If  we  are  indeed  in  the  national  peril  that 
is  pictured  for  us,  someone  should  alert 
the  job  interviewers  of  this  nation  to  the 
fact  that  there  is  an  "engineer  shortage." 

Other  than  age  I  can  name  five  other 
barriers  to  obtaining  a  good  engineering 

job: 
1.  The  desired  income  level:  The 

financial  aspects  of  the  job  interview  often 
have  a  poker-game  atmosphere,  with  the 
interviewer  offering  no  more  than  he  has 
to  and  the  applicant  asking  only  as  much 
as  he  dares.  After  years  of  struggling  to 
get  by  on  meager  earnings,  we  have,  after 
12  years,  reached  a  comfortable  income 
level  which  provides  adequate  care  for  our 
children  and  allows  a  small  saving  each 
month,  if  we  are  faithful  to  the  budget. 
We  don't  ask  to  be  rich  but  we  do  ask  to 
continue  working  at  our  present  rate.  Yet 
we  have  encountered  interviewers  who  are 
shocked  at  our  asking  price.  I  believe  the 
real  shortage  is  in  men  who  are  willing 
to  work  for  $600.00  a  month — not  in  ex- 

perienced engineers. 
2.  That  "eternal"  grade-point  average: 

One  of  the  first  things  the  job  interviewer 
asks  is  for  the  applicant's  college  grade- 
point-average.  Not  every  engineer  is  a 
genius;  on  the  other  hand  I  do  not  know 
of  any  engineering  schools  who  graduate 
idiots.  In  my  husband's  case,  he  went  to college  straight  from  three  years  of  war. 
Before  he  settled  down  to  serious  study  he 
collected  some  passable  grades,  and  worse, 
that  averaged  with  the  good  grades  of  the 
last  two  years  of  college  resulted  in  a 
grade-point-average  he  cannot  brag  about. 
His  work  the  past  few  years  with  one  of 
the  nation's  largest  aerospace  companies 
has  been  of  the  most  advanced  and  classi- 

fied nature  .  .  .  Yet  it  doesn't  seem  to 
override  that  low  grade-point-average.  He 
has  helped  to  create  some  of  the  fabulous 
technological  advances  which  make  his  old 
college  education  obsolete  .  .  .  He  con- 

tinues to  enroll  in  extra  courses,  in  space- 
science  lectures,  etc.  .  .  to  what  avail? 

3.  The  prestige  of  having  graduated 
from  a  Big  Name  School  vs.  the  ordinary 
state  college:  The  graduate  of  the  Big 
Name  School  is  snatched  up  regardless 
of  other  qualifications;  as  one  executive 
we  know  told  us,  he  wants  to  "upgrade" 
his  organization.  This  is  a  type  of  dis- 

crimination as  ominous  as  that  of  race  and 
religion. 

4.  The  Major  Subject:  My  husband 
chose  to  major  in  Industrial  Engineering, 
a  field  which  he  felt  would  be  broad 
enough  to  cover  any  type  of  engineering 
he  might  later  be  called  upon  to  perform. 
Now  he  finds  that  most  people  think  of 
this  as  only  "time  and  motion"  study — if they  even  know  that  much  about  it  .  .  . 
My  husband  has  spent  12  years  working 
in  the  E.E.  and  M.E.  fields,  yet  he  finds 
jobs  listed  under  those  headings  auto- 

matically closed  to  him  by  the  job  inter- viewer. 
5.  The  fear  of  looking  for  a  better 

job:  The  job  hunt  is  a  shadowy  world 
most  engineers  do  not  care  to  enter  until 
absolutely  necessary.  Some  we  have  talked 
to  are  not  sure  whether  a  job  interviewer 
would  contact  their  boss  or  not.  They  are 
afraid  to  look  around  for  fear  of  losing 

the  job  they  have.  They  have  homes  and 
obligations  they  dare  not  sacrifice.  The 
costs  of  changing  jobs  even  when  expenses 
are  paid  by  the  new  employer  are  prac- 

tically prohibitive.  We  recently  made  a 
move  in  which  we  were  lucky  to  have 
sold  our  home  for  a  loss  of  only  $2000. 
At  the  present  time  an  engineer  cannot 
settle  down  in  an  area,  buy  a  home,  or 
make  long-range  plans  without  making 
certain  his  company  has  one  of  the  large: 
contracts  to  ensure  long-range  work.  When 
we  were  dismissed  by  our  floundering 
company  last  summer,  we  left  behind  us 
some  several  thousand  employees  literally 
quaking  in  their  boots  for  fear  they  would 
be  next. 

The  company  we  are  with  at  the 
present  time  lost  out  in  the  recent  contest 
for  the  new  Space-Age  contracts.  There 
is  sufficient  work  to  last  for  awhile  .  .  . 
but  the  thinking  man  must  look  ahead 
and  secure  his  future.  Wouldn't  some  sort 
of  national  survey  be  in  order  before  we 
scream.  "Panic,  we  don't  have  enough  en- 

gineers!" It  would  certainly  seem  so  to those  of  us  who  are  available. 
Oh,  well,  back  to  the  dishes! 

(Name  withheld  on  request) 

An  Engineer's  Wife San  Diego,  Calif. 

Industry  Patent  Practice 
To  the  Editor: 

I  did  some  holiday  reading  and  picked 
up  one  book  that  seemed  to  bring  out  a 
point  one  might  consider  when  reading 
your  editorial. 

This  book  usually  has  flexible  leather 
covers  and  gold-edged  leaves.  Quite  a  few 
people  read  into  it,  but  very  few  read 
out  of  it.  The  resulting  problems  or 
numerous,  to  put  it  mildly. 

This  book  is  supposed  to  be  the  rule 
book  of  a  large  group  of  people,  and  I 
find  it  has  some  very-well-put  phrases  in 
it.  One  which  might  interest  you  is 
"Whatsoever  ye  would  that  others  do  unto 
you;  do  ye  even  so  unto  them."  (This  may not  be  the  exact  wording,  but  my  memory 
is  foggy  early  in  the  morning.) 

Now  if  you  and  I  agree  on  the  points 

in  your  editorial,  and  big  business  doesn't - — how  are  we  going  to  convince  them  that 
we  are  right?  We  know  they  do  want  the 
Government  to  own  the  products  of  their 

creative  ability,  because  they  "do  unto  us" the  same  thing. 
Do  you  believe  we  can  get  them  to  stop 

making  their  new  employees  sign  those 
various  forms  the  different  companies  hand 
one  as  part  of  the  requirement  for  a  job? 
Especially  the  forms  that  not  only  own 
one's  creativeness  while  working  at  that 
particular  place,  but  also  from  1  to  5 
years  afterwards?  .  .  . 

Glen  C.  Horst 
Santa  Clara,  Calif. 
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To  the  Editor: 
I  have  just  finished  reading  your  edi- 

torial ...  in  which  you  document  and  sup- 
port the  opposition  of  American  industry 

to  proposed  government  patent  legislation. 
I  am  struck  by  the  glaring  inconsistency 
between  industry's  position  in  this  matter and  the  kind  of  patent  agreements  which 
they  require  their  own  employees  to  sign. 

I  haven't  had  a  chance  to  read  the  pro- posed legislation,  but  from  your  brief 
summary,  it  sounds  like  a  paragon  of  gen- 

erosity alongside  the  usual  patent  agree- 
ment. If  you  have  never  read  one  of  these 

agreements,  you  have  a  real  treat  in  store. 
The  employee  signs  away  all  rights  to  any 
idea  that  he  may  ever  conceive — whether 
or  not  it  has  anything  to  do  with  his  em- 

ployer's business,  or  was  done  on  the  em- 
ployee's own  time,  or  with  his  own  re- 
sources. The  justification  given  for  this  is 

that  the  employee  is  hired  for  his  ideas, 
and  his  salary  is  a  continuous  payment  for 
the  ideas  he  develops.  The  same  argument 
of  course  applies  to  a  company  hired  to  do 
research  by  the  government. 

Do  not  misunderstand;  I  am  arguing 
neither  for  nor  against  the  proposed  patent 
legislation.  I  am  simply  making  a  plea  for 
consistency.  If  restrictive  patent  agree- 

ments between  government  and  industry 
destroy  industry  incentive  and  stifle  free 
enterprise,  then  restrictive  agreements  be- 

tween industry  and  its  employees  will  also 
destroy  individual  incentive  and  stifle  free 
enterprise.  If  industry  wants  to  impress 
me  with  its  argument  against  restrictive 
patent  legislation,  it  must  first  clean  its 
own  house. 

Eldon  Eller 
Duarte,  Calif. 

Offspring  Out  of  Wedlock 
To  the  Editor: 

In  your  otherwise  fine  item  on  the 
formation  of  Vitro-Smith  Corporation 
(M/R,  Jan.  8,  p.  37),  the  impression  is 
given  that  Vitro  Corporation  of  America 
and  A.  O.  Smith  Corporation  have  merged. 

This  has  caused  a  considerable  amount 
of  confusion  and  concern.  Vitro  and 
Smith  have  formed  a  new  jointly-owned 
company  to  combine  Vitro's  technical, 
engineering  and  project-management  capa- 

bilities with  the  fabrication  know-how  of 
A.  O.  Smith.  Vitro  and  Smith  have  not 
merged  and  indeed  are  continuing  to  go 
their  separate  ways.  For  example,  Vitro 
Laboratories'  role  as  the  Navy's  systems 
engineering  coordinator  on  Polaris,  Tartar, 
Talos  and  Terrier  and  Vitro  Services' 
operations  at  Eglin  AFB  are  not  involved; 
nor  are  Vitro  Engineering's  architect /engi- 

neer assignments  or  A.  O.  Smith's  activities. 
Vitro-Smith  will  be  concentrating  on 

new  efforts,  particularly  on  space,  nuclear 
and  other  advanced  technical  facilities  for 
the  Government.  .  .  . 

Vitro  Corporation  and  A.  O.  Smith  are 
very  happy  with  the  future  potential  of  our 
joint  offspring,  but  we  hope  M/R's  readers 
will  not  forget  that  both  companies  con- 

tinue to  move  forward  individually  as  well. 
Morton  Salkind 
Director  of  Public  Relations 
Vitro  Corporation  of  America 
New  York 
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Space  age  potter's  wheel Shaping  exotic  metals  on  the  advanced  spin  forge  is  only  one  of  the 

many  out-of-the-ordinary  manufacturing  operations  carried  on  by 
The  Marquardt  Corporation.  The  completely  integrated  production 
facilities  were  built,  staffed,  and  equipped  specifically  to  serve 

the  aerospace  industry.  A  half  a  million  square  feet  house  one  of 
the  most  extensive  subcontracting  facilities  in  the  West;  spin  forging, 

high-energy  forming,  heat  treating,  metal  processing,  advanced 
machine  shops  —  all  are  manned  by  an  experienced  work  force  with 
a  demonstrated  capability  in  methods  engineering,  metal  forming, 
and  fabrication.  For  further  specific  information  on  how 
Marquardt/Manufacturing  can  help  solve  your  mass  production 
problems,  economically,  and  on  time,  write  or  call  H.  C.  Pettit, 

Department  B,  Manufacturing  Services. 

1000  WEST  33RD  STREET,  OGDEN,  UTAH 
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systems 

analysts: 

Quantify  the  complex 

on  important  projects 

at  Hughes! 

SURVEYOR  (soft  lunar  landing  space- 
craft), SYNCOM  (synchronous  communi- 

cations satellites),  ARPAT  (terminal  anti- 
ballistic  missile  defense  system),  BAMBI 
(anti-ballistic  missile  defense  feasibility 
study).  These  are  a  few  of  the  many  im- 

portant and  complex  projects  under  de- 
sign, development  and  study  at  Hughes. 

Because  of  these  projects  and  others 

important  to  the  nation's  defense,  pre- 
paredness and  space  effort,  Hughes  of- 

fers more  opportunities  to  Systems  An- 
alysts than  ever  before. 

Involved  with  these  positions  are  the  con- 
sideration of  many  basic  problems  such 

Creating  a  new  world  with  ELECTRONICS 
I 

as:  the  proper  mix  of  manned  vs.  un- 
manned satellites;  the  requirements  of 

manned  space  flight;  IR  systems  require- 
ments for  high  speed  strike  reconnais- 
sance systems  or  unmanned  satellites; 

analysis  of  weapon  systems  from  con- 
ception through  development,  test  and 

customer  use;  and  many  others. 

Inquire  today.  If  you  are  a  graduate 
engineer  or  physicist  from  an  accredited 
university,  a  U.  S.  citizen,  and  believe 
that  you  can  contribute  to  and  benefit 
from  the  important  projects  at  Hughes, 
contact  us  today.  Airmail  your  resume  to: 
Mr.  Robert  A.  Martin, 
Supervisor  of  Scientific  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd., 
Culver  City  44,  California 
We  promise  you  a  reply  within  one  week. 
An  equal  opportunity  employer. 
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The  Coanfcfown 

WASHINGTON 

The  New  and  Bigger  ICBM 

Martin  Marietta's  Titan  III  is  a  leading  candidate  in 
the  Air  Force  competition  for  a  third-generation  ICBM 
capable  of  lofting  heavier  nuclear  warheads.  It  could 
boost  over  15  tons  on  any  desired  trajectory  to  the  Soviet 
Union  (see  p.  13). 

Reorganization  in  NASA 

Major  reorganization  of  NASA's  Manned  Spacecraft 
Center,  currently  moving  to  Houston  from  Langley,  has 
just  been  completed.  Of  major  interest  to  industry:  ap- 

pointment of  new  directors  for  NASA's  manned  space- 
flight programs.  James  A.  Chamberlain  will  head  the 

Gemini  project  office;  Charles  W.  Frick,  Apollo;  and 
Kenneth  S.  Kleinknecht,  Mercury. 

Navy  May  Unload  PMR 
Industry  sources  say  the  Navy  is  becoming  increas- 

ingly disillusioned  with  the  secondary  role  assigned  to 
Pacific  Missile  Range.  If  the  Navy  receives  the  money  it 
has  requested  for  development  of  the  Advanced  Under- 

water Test  and  Evaluation  Center  (AUTEC)  range  in 
the  Caribbean,  it  might  be  willing  to  turn  PMR  over  to 
either  the  Air  Force  or  NASA.  It  would  prefer  to  get 
rid  of  a  poor  stepchild  and  concentrate  on  the  AUTEC 
range. 

Titan  II  Launch  Set  for  Next  Month 
Launch  date  of  mid-March  has  been  set  for  Martin 

Marietta's  Titan  II,  which  arrived  by  air  at  Cane  Canav- eral last  week.  The  Air  Force  booster  has  435.000  lbs. 
thrust  in  the  first  stage  and  100,000  lbs.  second-stage 
thrust.  Big  change  from  Titan  I:  all-inertial  guidance. 

Saturn,  Telestar  Launches  Slipping 
Second  launch  of  the  Saturn  booster  is  slipping  into 

the  second  quarter  of  the  year.  NASA  officials  sav  tech- 
nical problems  causing  the  delay  are  minor.  Launch  is 

now  expected  in  April.  First  launch  of  AT&T's  Telestar 
communications  satellite  also  has  slipped  a  month.  Sched- 

uled to  go  in  April,  its  firing  was  postponed  due  to  a 
heavy  Atlantic  Missile  Range  schedule. 

Florida  vs.  California 
Political  pressure  is  being  brought  to  bear  on  NASA 

to  have  North  American  Aviation  build  the  Saturn  S-II 
stage  in  Florida.  Odds  are  heavily  against  its  being  moved 
out  of  California,  however. 

Agena  B  Substituted  for  Centaur 
The  White  House  disclosed  last  week  that  the  Lock- 

heed Agena  B  will  replace  Centaur  in  initial  firings  of 
Advent  communications  satellites,  indicating  a  further 
setback  in  the  lagging  Centaur  program. 

INDUSTRY 

Commerce  Scoops  DOD 
Industry  firms  are  becoming  increasingly  irked  with 
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Department  of  Defense  handling  of  company  press  re- 
leases. Recent  example:  announcement  of  the  Army's 

TOW  antitank  missile  contract  award  to  Hughes,  Martin 
Marietta  and  McDonnell  was  disclosed  by  the  Commerce 
Department  several  days  before  DOD  cleared  company 
announcements  of  the  award. 

Contract  Awards 
Bethlehem  Steel  Co.  receives  a  $66,268,000  Navy 

contract  for  construction  of  a  nuclear  guided  missile 
frigate  .  .  .  Lockheed  Aircraft  Corp.  gets  an  additional 
$3,450,000  for  R&D  work  on  Midas  and  Samos  .  .  .  Aero- 

jet-General adds  another  $1  million  to  its  contracts  for 
instrumentation  kits  for  Titan  boosters  .  .  .  Hughes  Air- 

craft wins  a  $1,092,986  award  for  a  satellite  communica- 
tions terminal. 

Scientists  Protest  Atmospheric  Tests 

Some  of  the  industry's  top  scientists  were  among  those 
joining  in  the  protest  to  President  Kennedy  last  week  on 
further  nuclear  testing  in  the  atmosphere.  The  Council 
of  the  Federation  of  American  Scientists  approved  the 
protest  statement  at  its  annual  meeting  in  New  York. 
Technical  gains  in  such  areas  as  antimissile  development 
were  alleged  to  be  outweighed  by  political  and  propa- 

ganda losses. 

Army  Moves  the  Moon 
Firms  working  on  lunar  exploration  studies  will  have 

to  revise  their  target  estimate.  The  Army  Map  Service 
reports  the  mean  distance  from  the  earth  to  the  moon  is 
238,866  mi.,  nine  miles  more  than  the  figure  which  has 
been  accepted  for  decades.  The  figure,  based  on  three 
experimental  methods,  is  said  to  be  accurate  within  a  mile. 

INTERNATIONAL 

Russian  Missile  Subs  Pose  Threat 

Russia  now  has  the  capability  of  launching  nuclear- 
tipped  missiles  against  the  U.S.  from  submarines  lying 
off  the  coast.  That  was  the  closed-door  testimony  of  Adm. 
George  W.  Anderson,  Jr.,  Chief  of  Naval  Operations,  to 
the  Senate  Armed  Services  Committee  last  week.  He  said 
the  Soviet  undersea  missile  menace  is  a  positive  threat 
and  that  the  Russians  are  expected  to  have  soon  sub- 
launched  missiles  capable  of  greatly  exceeding  the  present 
350-mi.  maximum  range. 

Soviets  Investigate  Moon  Surface 
Russian  astronomers  who  have  been  using  radio  waves 

to  investigate  the  surface  layer  of  the  moon  to  a  depth 
of  one  meter  report  that  it  is  not  dust,  but  a  very  light 
porous  mass.  Temperatures  on  the  surface  of  the  moon 
are  said  to  be  —150°  Celsius  at  night  and  +115°  during the  day. 

French  Firm  Ups  Sales 
Matra  Co.,  the  French  missile  firm  associated  with 

Breguet,  reports  a  30%  increase  in  sales  during  1961, 
with  a  further  jump  expected  this  year. 
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The  Missile  /  Space  Week 

NERVA  Contract  Awarded: 
RIFT  Bidders  Are  Selected 

The  U.S.  kicked  off  major  fund- 
ing in  Project  Rover  with  the  award 

of  an  estimated  $500-million  contract 
for  development  of  the  NERVA  en- 

gine to  Aerojet-General  Corp.  and 
Westinghouse  Electric  Corp. 

NASA  added  further  impetus  to 
the  program  with  the  selection  of 
three  firms  to  bid  on  the  contract  for 
the  RIFT  nuclear  rocket  stage  which 
will  flight-test  the  engine. 

The  firms — General  Dynamics' 
Astronautics,  Lockheed  Missiles  and 
Space  Co.,  and  Martin  Marietta  Corp. 
— will  be  bidding  on  a  contract  worth 
about  $300  million,  NASA  officials 
estimate. 

NASA  placed  no  official  estimate 
on  the  value  of  the  NERVA  contract, 
but  officials  estimated  it  could  easily 
reach  a  half-billion  dollars.  Under  the 
terms  of  the  five-year  contract,  Aero- 

jet-General— as  prime  contractor — 
and  Westinghouse — as  its  principal 
subcontractor — will  build  30  of  the 
engines. 

Work  to  be  performed  through 
Sept.  30,  1962,  is  expected  to  cost 
approximately  $26.6  million.  West- 

inghouse will  receive  $8.5  million  of 
the  total,  the  remainder  going  to 
Aerojet. 

The  two  firms  were  awarded  a 
temporary  six-month  contract  last 
July.  The  new  follow-on  contract 
gives  them  permanent  responsibility 
for  NERVA  through  September,  1966 
(M/R,  Dec.  11,  1961,  p.  15). 

The  RIFT  contract  expected  to  be 
awarded  in  late  April  or  early  May 
calls  for  the  development  of  only  six 
stages,  which  are  scheduled  for  flight- 
testing  in  the  1966-67  period. 

If  the  nuclear  rocket  program  is 
successful,  however,  many  more  will 
be  built.  The  RIFT  stage  with  the 
NERVA  engine  is  slated  for  use  as 
an  upper  stage  for  NASA's  advanced 
Saturn  and  Nova  launch  vehicles. 

The  nuclear  stage  would  permit 
the  advanced  Saturn  to  make  direct 
flights  to  the  moon  and  give  Nova  the 
capability  of  making  long  manned 
and  unmanned  interplanetary  flights. 

Thirty-three  firms  attended  a  first 
phase  preproposal  conference  for  the 
RIFT  contract  which  was  held  at 
10 

Marshall  Space  Flight  Center,  Dec.  7. 
In  addition  to  the  three  firms  se- 

lected to  submit  detailed  bids,  two 
others — Douglas  Aircraft  and  Space- 
General — submitted  initial  bids  on 
Jan.  3. 

The  RIFT  contractor  will  be  re- 
sponsible for  designing  the  stage,  and 

fabricating  and  assembling  it  at 
NASA's  Michoud  Operations  Plant. The  firm  will  also  conduct  certain 
component  and  full  systems  tests,  as 
well  as  test  and  checkout  items  related 
to  eventual  flight  testing. 

The  space  agency  announcement 
said  the  initial  work  will  emphasize 
research  and  development  tasks  re- 

quired to  answer  critical  technical 

problems. 
The  NERVA  engine  development 

is  under  direction  of  the  joint  AEC- 
NASA  Space  Nuclear  Propulsion  Of- 

fice which  controls  the  Project  Rover 

program. The  nuclear  reactor  to  be  used  in 
the  NERVA  engine  will  be  based  on 
the  reactor  technology  under  develop- 

ment since  1955  at  the  Commission's 
Los  Alamos  Scientific  Laboratory. 
Four  reactors  have  been  ground- 
tested  at  the  Commission's  Nevada 
Test  Site:  KIWI-A  in  1959;  KIWI-A 
Prime  and  KIWI-A  Three  in  1960; 
and  KIWI-B  1A  in  1961.  All  four 
used  gaseous  hydrogen  as  the  propel- 
lant  material.  Further  tests  in  the 
KIWI-B  series  are  expected  to  use 
liquid  hydrogen. 

The  contract  covers  continued  en- 
gine design  effort;  research  and  de- 

velopment on  engine  components  and 
subsystems,  including  work  on  the 
propellant  feed  system,  reactor  and 
engine  control  systems,  nozzle,  re- 

mote handling  system,  mechanical 
testing  of  reactor  core  components, 
bearings  and  seals,  and  examination 
of  systems  to  assure  safe  operation; 
performance  of  work  responsive  to 
the  needs  of  the  Los  Alamos  Scien- 

tific Laboratory  in  the  conduct  of 
reactor  tests;  preparation  of  detailed 
program  plans;  and  assistance  in  the 
design  of  test  facilities. 

Shots  of  the  Week 

U.S.  military  missiles  chalked  up 
an  impressive  list  of  successful 
launches  including  the  first  intercept 

of  a  simulated  enemy  ICBM  by  the 

Army's  Nike-Zeus  antimissile  missile on  Jan.  26. 

In  other  important  shots,  the  Air 
Force  successfully  launched  its  Min- uteman  and  Titan  I  ballistic  missiles. 

The  Minuteman  shot  on  Jan.  25 
was  the  fourth  launch  from  its  silo 

launch  pad.  The  "Instant  ICBM" roared  3200  miles  downrange  and 

plunked  a  dummy  warhead  on  a  tar- 
get in  the  mid-Atlantic. The  Titan  I  launch  on  Jan.  29 

was  a  double  milestone  for  U.S.  de- 
fense. It  marked  the  50th  and  last 

developmental  flight  in  the  Titan  I 
series  and  the  first  launch  using  the 
all-inertial  guidance  system  developed 
for  the  advanced  Titan  II  missile. 

The  98-ft.,  two-stage  missile  suc- 
cessfully hurled  its  dummy  warhead 

at  a  target  5000  miles  away. 
The  rocket  closed  out  its  testing 

program  with  37  successes,  9  partial 
successes  and  4  failures. 

The  Nike-Zeus  success  is  ex- 
pected to  bring  renewed  pressure  on 

the  Administration  to  release  produc- 
tion funds  for  the  missile. 

The  weapon  —  launched  from 
Point  Mugu,  Calif.  —  theoretically 
shot  down  the  electronically  simulated 
enemy  ICBM  heading  toward  the  U.S. 
at  a  speed  of  1400  miles. 

An  Army  spokesman  said  "This proves  that  Nike-Zeus  can  do  the 

job." 

MA-6  Snarled  by  Fuel  Troubles 

Further  postponement  of  the 
MA-6  manned  orbital  launch  beyond 
the  new  Feb.  13  target  date  is  now 
likely. 

Latest  roadblock  keeping  astro- 
naut John  Glenn  out  of  orbit  was 

trouble  in  a  series  of  regulator  boxes 
controlling  fuel  flow  to  the  Atlas 
booster's  engines.  This,  Project  Mer- 

cury sources  said,  could  have  re- 
sulted in  launching  Glenn  into  a  dan- 

gerously high  orbit. 
There  was  also  a  leak  in  the  A  tlas 

fuel  line  through  which  kerosene  was 
seeping  into  the  insulation  separating 
the  fuel  from  liquid  oxygen.  This  is 
the  same  problem  which  delayed  the 
Ranger  III  flight  for  five  days. 

First  slated  to  go  on  Jan.  24,  the 
spacecraft  environmental  control  sys- 
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tem  and  bad  weather  forced  consecu- 
tive postponements  to  Jan.  27  and 

Feb.  1. 
Reports  that  the  Atlas  now  at  the 

site  would  have  to  be  replaced — 
bringing  a  delay  of  a  month  or  worse 
— were  denied  by  NASA  officials, 
who  said  they  believed  they  could  re- 

pair the  booster  on  the  pad. 

JFK  Reports  Space  Progress 

President  Kennedy  told  Congress 
that  the  United  States  made  significant 
progress  in  space  activities  in  1961, 
including  planning  for  such  projects 
as  manned  exploration  of  the  moon, 
Mars  and  Venus. 

The  President's  annual  report  to 
the  House  and  Senate  on  NASA  was 

devoted  largely  to  a  review  of  pre- 
viously announced  programs. 

He  forecast  even  greater  strides  in 
the  coming  fiscal  year,  for  which  he 
has  asked  total  space  funds  amount- 

ing to  $5.5  billion — an  increase  of 
$2.4  billion  over  Fiscal  1962. 

"It  is  the  policy  of  the  United 
States  that  activities  in  space  be  de- 

voted to  peaceful  purposes  and  dur- 
ing 1961  we  made  significant  progress 

in  that  regard,"  he  said.  "Such  prog- 
ress included  space  projects  to  help 

keep  the  peace  and  space  projects  to 
increase  man's  well-being  in  space." 

Washington  Industry  Notes 

Air  Force  Systems  Command's 
Gen.  Bernard  A.  Schriever  has  joined 
the  campaign  against  elaborate  and 
costly  proposal  presentations,  inform- 

ing AFSC  commanders  that  future 
evaluation  of  contractor  proposals 

will  be  based  "primarily  upon  com- 
parative technical  and  managerial 

abilities  of  the  contractors — respon- 
sive to  requirements  being  procured." 

. . .  The  Joint  Internal  Revenue  Taxa- 
tion Committee,  after  more  than  a 

year  of  study,  has  issued  a  148-page 
long-awaited  report  on  the  Renegoti- 

ation Act.  Recommendation:  A  two- 
year  extension  of  the  act  with  no 
changes  .  .  .  Sen.  Paul  H.  Douglas 
(D-Ill.)  has  tagged  the  lunar  landing 
program  "purely  a  stunt  to  get  there 
before  someone  else."  He  says  there 
is  a  serious  question  whether  the  U.S. 
should  spend  money  on  Apollo  and 
cites  a  personal  poll  of  members  of 
the  American  Astronomical  Society 
which  he  says  reveals  that  one-third 
of  the  astronomers  feel  a  manned 
lunar  landing  is  not  desirable. 
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LEAR  MAGMETIC 

POWDER  CLUTCHES 

PROVED  ON  SERGEANT 

AND  OTHER  HIGH 

PERFORMANCE 

MISSILE  AND  AIRCRAFT 

The  powder  clutch  is  not  new  —  but  the  performance  and  reliability  of  the 
LEAR  magnetic  powder  clutch  is  a  break-through  in  the  state-of-the-art. 
Its  use  in  high  response  servo  systems  can  solve  many  problems  currently 
experienced  in  systems  msing  electric  motors  or  hydraulics  or  pneumatics. 

•  LEAR  patented  magnetic  powder  mixtures  are  totally  dry  —  no  leaking,  no 
packing,  greater  proportional  shear  strength 

•  RELIABILITY  —  units  have  operated  more  than  50  million  cycles  without 
deterioration  or  failure 

•  HIGH  RESPONSE  —  meets  the  stringent  requirements  of  most  advanced 
servo  applications 

•  AVAILABILITY  -  a  range  of  sizes 
from  5  inch-ounces  to  2500  inch- 
pounds  are  available  now. 

Write  for  catalog  of  complete  line 
which  includes  installation  and  appli- 

cation information.  Ask  for  GR-324. 
ELECTRO-MECHANICAL  DIVISION 
110  IONIA  AVE,  N.W.,  GRAND  RAPIDS,  MICH. 
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Officials  disagree  .  .  . 

Ranger— What  Might  Have  Been? 

Some  NASA  experts  believe  shot  that  went  wide 

might  have  impacted  if  Johannesburg  had  had  command 
by  Richard  van  Osten 

Goldstone,  Calif. — Lunar  impact 
of  Ranger  III  might  have  been  possible 
if  NASA's  Johannesburg  deep-space 
tracking  station  had  been  provided  with 
command  capability. 

The  South  African  site,  one  of  three 
permanent  stations  in  the  Deep  Space 
Instrumentation  Facility  directed  by  the 
Jet  Propulsion  Laboratory  for  NASA, 
acquired  the  Ranger  111  vehicle  ap- 

proximately 10  minutes  after  injection. 
Since  it  was  the  first  station  to  lock 

on,  and  since  it  was  in  contact  for  the 
next  1 1  hours,  some  space  agency  offi- 

cials believe  that  trajectory  error  could 
have  been  corrected  early  enough  to 
effect  a  collision  course. 

JPL's  Goldstone  control  station  did 
not  acquire  the  vehicle  until  some  1 2 
hours  after  injection. 

Ironically,  Johannesburg  already  has 
the  necessary  equipment,  but  its  com- 

mand capability  will  not  be  operational 
until  April  or  May.  This  still  may  not 
be  in  time  for  the  Ranger  IV  launch, 
due  in  late  April  or  early  May,  NASA 
said. 

An  opposing  school  of  thought  within 
NASA  holds  that  Johannesburg  could 
not  have  made  a  useful  correction  even 
if  equipped  with  an  operational  com- 

mand capability.  In  defense  of  this  rea- 
soning, it  is  asserted  that  Johannesburg 

did  not  have  enough  time  to  determine 
what  was  wrong  and  what  to  do  about  it. 
It  also  is  noted  that  the  Rangers  high- 
gain  antenna  had  not  yet  locked  on  to 
earth  and  that  the  vehicle  was  not  de- 

signed to  make  a  relatively  immediate 
correction  or  mid-course  maneuver. 

However,  a  number  of  officials,  in- 
cluding many  at  JPL,  believe  the  course 

could  have  been  corrected  by  Johannes- 
burg or  even  Woomera,  Australia,  if 

command  equipment  had  been  installed 
at  those  points. 

•  Plus  and  minuses — JPL  techni- 
cians now  are  busily  analyzing  and 

evaluating  data  returned  from  the  less- 
than-successful  launch  of  Jan.  26.  It 
may  be  weeks  before  any  meaningful 
results  are  obtained. 

The  shot  pointed  out  one  important 
fact,  however:  the  mid-course  correc- 

tion and  maneuver  were  feasible  and 
they  were  performed  with  complete  suc- 

cess by  the  Goldstone  Tracking  Station. 
Goldstone  made  initial  acquisition 

HA  PHY  ST  ART— Ranger  III  takes  off  on 
Jan.  26.  Early  stages  of  trip  were  successful, 
but  shot  missed  by  22,862  mi. 

of  Ranger  early  Saturday  morning  at 
approximately  0042  hrs.  (Pacific  Stand- 

ard Time).  Vehicle  velocity  was  de- 
termined to  be  5546  mph  at  a  distance 

of  87,759  st.  mi.  from  earth.  By  that 
time  it  was  known  that  the  course  was 
such  that  the  vehicle  could  not  impact 
the  moon  as  planned.  JPL  then  decided 
to  accelerate  the  vehicle  in  an  effort  to 
allow  it  to  come  as  close  to  the  moon 
as  possible  under  the  circumstances  at 
that  time. 

About  30  minutes  after  initial  ac- 
quisition, Goldstone  verified  proper  ve- 

hicle spatial  orientation — the  high-gain 
directional  antenna  had  locked  on  the 
earth.  (There  was  some  concern  it 
might  lock  on  the  moon  and  sun  rather 
than  the  sun  and  earth,  although  correc- 

tive maneuvers  were  possible.)  The 
earth-lock  was  verified  by  a  30-db  in- 

crease in  telemetry  signal  strength  over 

that  previously  achieved  by  Ranger's omnidirectional  antenna. 
At  0123  PST,  the  all-clear  command 

was  given;  at  0127,  the  first  mid-course 
guidance  command  was  sent,  received 
and  stored.  A  second  command  was  sent 
about  2  minutes  later.  It  was  then  veri- 

fied that  all  guidance  information  had 
been  received  and  stored.  Telemetry 

signal  strength  was  about  —110  dbm. 
All  experiments  were  working. 

In  preparation  for  the  mid-course 
maneuver,  a  switch  to  the  low-gain 
omni  antenna  was  made  at  about  0157. 
The  antenna  changeover  was  necessary 
since  the  hi-gain  antenna  had  to  be 
moved  out  of  its  earth-lock  position 
before  firing  the  mid-course  rocket  en- 

gine. The  engine  was  expected  to  boost 
vehicle  speed  by  about  80  mph. 

The  mid-course  maneuver  called  for 
a  116°  change  in  pitch,  a  10°  change 
in  roll,  and  a  hoped-for  velocity  of 
about  36,000  fps.  The  execute  command 
was  given  at  about  0200  hours.  Success 
of  the  maneuvers  was  verified  at  0227, 
when  it  was  determined  that  the  high- 
gain  antenna  again  had  acquired  the 
earth.  At  that  time,  vehicle  position  with 

respect  to  earth  was  lat.  17.86°  South, 
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long.  70.65°  West.  Vehicle  velocity  was 
estimated  at  5418  mph  at  a  distance 
of  100,398  mi.  The  vehicle  had  com- 

pleted all  assigned  tasks. 
When  the  switch  was  made  to  the 

omni  antenna,  JPL  reported  that  tele- 
metry strength  dropped  to  below  thres- 

hold at  both  Goldstone  receiving  sites. 
With  the  signal  strength  down  to  about 
—  142  dbm,  one  Goldstone  station  lost 
automatic  track  and  went  on  aided 
track;  the  other  station  was  still  on  lock, 
although  telemetry-received  signal  in- 

tensity remained  below  threshold. 
Doppler  track  was  reinstated  in 

about  5  minutes,  however,  and  the  tele- 
metry signal  level  came  back  up  rapidly 

and  was  locked  up  again  in  about  10 
minutes. 

At  0852  Sunday,  Goldstone  sent  a 
terminal  pitch-maneuver  command  to 
Ranger  III  calculated  to  aim  the  tele- 

vision vidicon  lens  at  the  moon's  leading 
edge.  Distance  then  from  the  moon  was 
about  31,000  mi.  Three  maneuvers  in- 

volved in  this  action  were  executed  at 
0922  AM. 

At  0948  the  vidicon  lens  cover  was 
opened.  Telemetry  reported  this  event 
completed  at  0949,  and  the  crook  hold- 

ing the  omni  antenna  atop  the  retro 
motor  and  landing  capsule  assembly  was 
released  and  moved  outward  at  an  angle 
of  45°  to  the  main  craft.  At  0952  the 
30-minute  warmup  for  the  vidicon  was 
started.  All  operations  were  performed 
as  designed  and  programed  with  the 
exception  that  the  high-gain  antenna  did 
not  re-position  itself  into  the  earth-lock 
position. 

Ranger  III  almost  made  the  grade. 
When  the  TV  transmissions  began, 

the  antenna  malfunction  caused  a  drop 
in  TV  signal  strength  received  at  Gold- 

stone. The  station  has  a  —130  dbm 
threshold  for  even  marginal  signals,  for 
good  images  about  —115  dbm. 

Before  the  terminal  maneuver,  when 
the  high-gain  antenna  was  pointed  at 
the  earth,  the  received  signal  was  —118 
dbm.  Following  loss  of  the  earth  lock, 
signal  strength  dropped  to  —150  dbm 
— an  intolerable  loss  factor. 

During  the  41  minutes  that  Ranger 
was  "visible"  to  Goldstone  for  TV  trans- 

missions, the  signal  was  so  covered  with 
noise  as  to  be  almost  completely  useless, 
scientists  said. 

•  Lunar  images  doubtful  —  The 
Woomera,  Australia,  station  next  picked 
up  the  tracking,  but  that  station  has  no 
TV  readout  equipment;  therefore  the 
tapes  will  have  to  be  sent  to  JPL  for 
detailed  evaluation  before  any  results 
are  known.  This  will  require  a  great  deal 
of  time,  and  JPL  spokesmen  say  they 
hold  little  hope  of  uncovering  any  real 
information. 

The  vehicle  apparently  did  accept 
its  "second"  maneuver  when  it  pointed 
itself  at  the  moon.  All  but  the  high-sain 
antenna  was  working  properly.  There 
was  no  attempt  to  launch  the  landing 
capsule — it  was  too  far  from  the  moon 
to  be  useful.  Closest  pass  to  the  moon 
was  at  4188  mph  and  22,862  st.  miles 
at  1523  hrs.,  Jan.  28. 

Both  Goldstone  and  Woomera 
tracked  the  capsule  as  well  as  the  basic 
vehicle.  Goldstone  held  it  for  8  hours; 
tracking  time  by  Woomera  is  not  yet 
known. 

Ranger  by  now  has  passed  into  a 
heliocentric  orbit  similar  to  Pioneers  IV 

and  V. 
The  solar  sensors  were  cut  off  after 

the  terminal  maneuver  when  vehicle  at- 
titude no  longer  had  the  sun  as  a  refer- 

ence point  and  was  deprived  of  solar 
power.  Some  transmissions  were  being 
received  Sunday  from  the  silver-zinc 
batteries.  At  best,  the  vehicle  could 
operate  only  a  few  hours  at  design 
temperatures. 

The  vehicle  attitude  caused  some 
spacecraft  elements  to  heat  and  some 
to  cool  beyond  thermal  operating  lim- 

its. The  transmitter  was  expected  to  die 
after  a  few  hours.  Also,  by  this  time 
Ranger  should  be  tumbling.  The  lunar 
capsule  transmitter  can  be  expected  to 
transmit  for  some  time  on  its  long-life 
batteries.  Those  signals  will  be  used  to 
track  the  spacecraft  during  the  periods 
when  the  capsule  antenna  is  oriented 
to  earth  during  tumbling. 

Orbital  elements  of  Ranger  include 
predicted  perihelion  of  91,503,314  st. 
mi.,  an  aphelion  of  108,133,845.  Eccen- 

tricity will  be  0.0833.  Inclination  to  the 

plane  of  the  ecliptic  will  be  0.3988°. Orbital  period  is  estimated  at  406.439 
days. 

Ranger  IV  and  V — scheduled  to  be 
launched  later  this  year — have  the  same 
mission  as  Ranger  111. 

Rangers  VI  through  IX,  which  will 
be  launched  in  1963,  will  have  a  bat- 

tery of  six  TV  cameras  capable  of  dis- 
covering objects  1  ft.  in  diameter  on 

the  lunar  surface. 

Ranger  Ill's  cameras  take  200-line 

pictures. Ranger  VI  through  IX  will  have 
600-line  pictures — a  little  better  than 
current  home  television  sets.  8 

DOD  Picks  Agena  D  Upper  Stage 

THE  DEFENSE  Department  has 
decided  on  the  Agena  D  launch  ve- 

hicle as  the  standardized  upper  stage 
for  its  large  space  boosters. 

The  Agena  D  will  have  the  same 
thrust  and  burning  time  as  earlier 
models,  but  will  be  modified  to  fit 
all  types  of  payloads. 

NASA  officials  are  also  consider- 
ing the  use  of  Agena  D  as  their  stand- 
ard tipper  stage.  A  final  decision  is 

expected  in  about  two  months. 
The  s'age  will  be  used  on  Titan II  and  Titan  III  vehicles  as  well  as 

other  primary  boosers.  It  will  boost 
such  payloads  as  reconnaissance  and 
communications  satellites  and  Dyna- 
Soar,  as  well  as  other  manned  space- 
craft. 

The  DOD  decision  apparently 
puts  into  limbo — at  least  for  the  mo- 

ment— plans  for  the  Agena  C  upper 

stage,  which  would  have  used  addi- 
tional propeUant  to  increase  its  burn- 

ing time  and  payload. 
Lockheed  Aircraft  Corp. — prime 

contractor  for  Agena — has  already 
received  a  DOD  contract  for  Agena  D, 
and  work  on  its  development  is  pro- 

gressing. Meanwhile,  the  Air  Force 
continues  analysis  of  the  Titan  III 
configuration. 

Present  discussions  primarily  con- 
cern the  two  120-in.  solid  motors  to 

be  strapped  around  the  Titan  II  first 
stage. 

Final  decisions,  as  well  as  the 
awarding  of  the  launch  vehicle  con- 

tract to  Martin  Marietta  Corp.,  are 
expected  about  mid-March. 

Two  of  the  five-segment  solid 
motors;  with  the  430.000-'b.  Titan  II 
first  stage  and  the  100.000-lb.  second 
stage,  are  expected  to  be  able  to  put 

29,000-lb.  payloads  into  near-earth 
orbit. 

Titan  III  will  ultimately  serve  as 
the  standard  space  boos'er  for  the  Air 
Force.  While  attempts  have  been 
made  to  interest  NASA  in  its  use, 
space  agency  officials  thus  far  say 
they  have  no  mission  which  can  use  it. 

Six  firms  have  been  invited  by  the 
Air  Force  to  submit  proposals  for  the 
development  of  the  120-in.  solid 
motor:  Aerojet.  Lockheed  Propulsion, 
VTC,  Thiokol,  Hercules  and  Atlantic 
Research. 

In  addition  to  its  space  poten- 
tial, the  Air  Force  also  is  interested 

in  Titan  HI  as  its  next-generation 
1CBM.  capable  of  lobbing  heavy  war- 

heads at  the  Soviet  Union  from  any 
direction,  including  a  trajectory  from 
the  V.S.  over  the  South  Pole  to 
Russia. 
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Biggest  Astronomical 

Advance  Since  Telescope? 

Project  Star  Gazer  aims  at  giving  balloonists  first  look 

through  telescope  fully  stabilized  over  most  of  atmosphere 

by  William  Beller 

STAR  GAZER  gondola,  fully  assembled  with  12'/2-in.  reflecting  telescope  on  roof,  is 
given  final  touches  prior  to  its  scheduled  launch  early  this  month. 

TWO  UNMANNED  BALLOON 
flights  are  scheduled  early  this  month 
as  a  prelude  to  an  astronomical  experi- 

ment that  may  be  as  important  as  the 
invention  of  the  telescope  in  widening 
man's  knowledge  of  the  universe. 

If  the  test  flights  are  successful,  a 
professional  astronomer  will  ascend  late 
next  month  to  make  observations 
through  the  first  fully  stabilized  tele- 

scope ever  located  above  most  of  the 
earth's  atmosphere. 

This  is  project  Star  Gazer,  sponsored 
by  Air  Force  Cambridge  Research  Lab- oratories and  under  technical  direction 
of  Dr.  J.  Allen  Hynek,  chairman  of 
Northwestern  University's  astronomy 
department. 

Balloon  pilot  will  be  Captain  Joseph 
W.  Kittinger,  Jr.,  of  Air  Force  System 
Command's  Aerospace  Medical  Re- search Laboratories. 

William  C.  White,  of  the  U.S.  Naval 
Ordnance  Test  Station,  will  be  balloon 
astronomer  and  observer. 

•  Cheap  tracking  stations  —  Hynek 
says  that  two  technical  advances  at  last 
make  balloon  observatories  feasible: 
lightweight  gyroscopic  mechanisms  have 
been  devised  that  can  stabilize  a  rela- 

tively free  body,  such  as  a  telescope,  in 
space;  and  giant  plastic  balloons  have 
been  developed. 

As  a  result  of  the  almost  clear  win- 
dow open  to  observers  on  the  fringes  of 

the  earth's  atmosphere,  Hynek  foresees 
balloon-borne  observatories  used  to  op- 

tically track  probes  sent  to  Mars 
and  Venus.  Without  atmospheric 
"noise,"  telescopes  may  even  be  able  to 
watch  space  vehicles  millions  of  miles 
away. 

Hynek  also  hopes  to  see  national 
balloon  observatories  set  up,  just  as 
national  radio  observatories  have  re- 

cently been  established  to  study  unex- 
plained radio  emissions  coming  in  from 

outer  space. 

Hynek  admits  that  satellite  observa- 
tories will  be  needed  in  studying  ultra- 
violet light  from  space,  because  balloons 

can't  rise  above  the  tenuous  ozone  layer, 
which  absorbs  the  ultraviolet.  For  ob- 

servations in  the  visual  and  infrared 
regions  of  the  spectrum,  however, 
Hynek  maintains  that  balloon  observa- 

tories are  far  less  expensive  and  immedi- 
ately practicable,  and  yield  easily  recov- erable data. 

The  first  manned  flight  will  have 
three  experiments  aboard;  if  the  flight  is 
successful,  it  will  be  followed  by  a  series 
of  others. 

A  12V2  -in. -aperture  telescope  and 
the  instrument  package  for  the  three 
experiments  are  mounted  side  by  side 
on  the  gondola's  roof.  When  its  turn 
comes,  each  experiment  "looks"  through the  telescope.  This  is  done  by  having 
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the  experiments  on  a  revolving  turret, 
which  on  command  places  any  experi- 

ment at  the  focus  of  the  telescope. 

•  Twinkle,  twinkle  little  star — The 
first  experiment  is  to  measure  the  turbu- 

lence of  the  atmosphere.  (If  a  movie 
camera  were  taking  pictures  at  the  focal 
point  of  a  telescope  located  on  earth, 
and  if  these  pictures  were  perhaps  of 
a  star  photographed  against  crosshairs, 
then  the  image  would  be  seen  to  wander. 
This  results  from  atmospheric  turbu- 

lence above  the  observatory,  and  causes 
relatively  poor  definition  in  celestial 
photographs.)  Turbulence  is  expected — 
but  far  less  than  an  earth-bound  ob- 

server would  experience. 
The  second  experiment  calls  for  a 

photoelectric  cell  to  measure  variations 
in  star  brightness  caused  by  high-alti- 

tude turbulence.  This  variation  or  twin- 
kling is  called  "scintillation,"  and  affects 

the  accuracy  of  the  photoelectric  meas- 
urements of  light  from  stars.  After  a 

certain  height  is  reached,  it  is  expected 
that  most  of  the  scintillation  will  be 
gone. 

The  third  experiment  uses  an  infra- 
red detector — a  lead-sulfide  cell — to  tell 

how  water  vapor  in  the  air  affects  light 
coming  in  from  stars  and  planets  (as  the 
dryer  stratosphere  is  approached,  the 
effect  should  be  sharply  lessened);  and 
to  give  some  of  the  characteristics  of  the 
light  itself. 

•  How  I  wonder  where  you  are — A 
\2Vi-m..  Cassegrain  reflecting  telescope 
will  be  used  for  these  experiments.  In- 

stead of  looking  through  it,  the  observ- 
ing astronomer  will  orient  the  telescope 

by  aiming  a  small  tracking  telescope 
slaved  to  the  larger  instrument.  Once  this 
is  done,  the  Cassegrain  is  locked  on  its 
target  despite  moderate  pitching  and 
turning  of  the  gondola. 

Precise  stabilization  is  the  outstand- 
ing feature  of  the  experiment,  and  this 

will  be  the  first  time  a  balloon-borne 
telescope  has  had  this  capability.  It  will 
give  observers  the  advantage  of  a 
ground-based  observatory  plus  the 
bonus  of  a  clear  view  of  the  sky. 

The  telescope's  stabilization  plat- 
form, developed  and  built  by  Massachu- 
setts Institute  of  Technology's  Instru- 

mentation Laboratory,  is  made  up  of  a 
gyro-stabilized  platform  that  nullifies  the 
effects  of  gondola  motion,  and  a  star- 
tracking  mechanism  that  locks  the  tele- 

scope on  target  after  an  observer  aims 
the  instrument  by  means  of  a  servo 
control. 

•  Looking  backward — Though  Star 
Gazer  is  pioneering  in  high-precision 
manned-balloon  observatories,  Hynek 
explains  that  it  is  by  no  means  the  first 
balloon  observatory. 

The  first  flight  of  a  manned-balloon 

astronomical  observatory  was  made  in 
1956  by  Blackwell  and  DeWhirst  of  the 
University  of  Cambridge,  England,  and 
Dolfuss  of  Meudon  Observatory, 
France.  Reaching  about  40,000  ft.,  the 
flight  did  not  escape  enough  of  the 
atmosphere  to  eliminate  star-twinkling 
and  to  see  infrared  radiations. 

Then,  in  1957,  under  an  unmanned- 
balloon  project  called  Stratoscope  I, 
headed  by  Princeton  University  profes- 

sor Martin  Schwarzschild,  a  12-in.  tele- 
scope was  lifted  to  altitude  above  New 

Brighton,  Minn.  This  was  the  start  of  a 
project  that  two  years  later  yielded  spec- 

tacular photographs  of  the  solar  surface. 
A  follow-on  project  called  Strato- 

scope II  is  aimed  at  sending  a  36-in.- 
aperture  telescope  to  altitude  this  sum- 

mer (M/R,  Oct.  2,  1961,  p.  28). 
However,  the  stabilization  system  is  not 
designed  to  be  nearly  as  sophisticated 
as  that  on  Star  Gazer. 

Two  years  ago,  Dr.  John  Strong  of 
Johns  Hopkins  University  directed  a 
manned-balloon  project,  which  estab- 

lished presence  of  water  vapor  on 
Venus. 

•  The  aerostat — Made  of  two-mil 
polyethylene,  the  200-ft.-dia.  Star  Gazer 
balloon  is  designed  to  reach  a  ceiling  of 
87,000  ft.  Made  by  General  Mills,  Inc., 
of  Minneapolis,  the  vehicle  fully  dis- 

tended will  displace  3,200,000  cu.  ft. 
of  air. 

About  the  Cover 

A  NASA-sponsored  study  in  cos- 
mic chemistry  may  reveal  how  cosmic 

dust  is  formed  and  what  part,  if  any, 
it  plays  in  the  genesis  of  stars  and 
planets. 

The  project's  immediate  aim  is  to 
find  out  how  solids  form  out  of  vapor 
when  the  atoms  are  as  sparse  and 
their  vibrations  as  slow  as  they  would 
be  in  the  cold  emptiness  of  space. 

Initial  studies  are  being  made 
with  zinc  because  of  its  desirable 
physical  properties  and  the  way  it 
forms  crystals  upon  condensing. 

At  General  Dynamics/Electronics, 
where  the  work  is  being  done,  sci- 

entists are  studying  how  the  metal 
vapor  nucleates  in  an  ultra-high 
vacuum  where  the  temperature  is 
about  —  380°F. It  is  expected  that  later  work  will 
be  done  with  other  elements,  and 
perhaps  even  with  some  organic 
compounds. 

Monitored  by  NASA's  Goddard 
Space  Flight  Center,  the  project  is 
under  the  scientific  direction  of  Dr. 
Gerald  W.  Sears,  manager  of  GD's molecular  physics  laboratory. 

Sears  and  GD  principal  scientist 
Dr.  John  B.  Hudson  designed  and 
fabricated  the  complex  glass  appara- 

tus used  in  the  experimental  work. 

A  conventional  stratospheric  balloon- 
gondola  system  is  used  in  Star  Gazer. 
A  recovery  parachute  83  ft.  in  diameter 
is  strung  out  in  extended  position  below 
the  balloon.  In  an  emergency,  the 
balloon  is  separated  from  the  parachute 
by  means  of  an  explosive  bolt,  and  the 
parachute  lowers  the  gondola,  which 
hangs  beneath  the  parachute,  safely  to 
the  ground. 

The  balloon  is  controlled  by  the 
pilot,  who  uses  an  electromechanical 
valve  in  the  balloon  apex  to  release 
helium  for  a  descent,  or  drops  ballast  of 
fine  steel  dust  for  an  ascent. 

The  gondola  is  an  aluminum  cylin- 
der 13  ft.  high  and  7  ft.  in  diameter.  It 

holds  two  people,  the  equipment  needed 
to  keep  them  alive,  flight  instruments 
and  controls,  and  experimental  instru- 
mentation. 

This  gondola  was  originally  designed 
as  a  platform  for  a  high-altitude  escape 
program  (for  Project  Mercury).  It  was 
never  used  for  this  purpose,  and  modifi- 

cations for  Star  Gazer  were  begun  in 1958. 

In  flight,  the  gondola  will  be  pres- 
surized to  an  altitude  of  22,000  ft.  The 

occupants  will  wear  partial  pressure 
suits  and  helmets  with  the  face  plates 

open. Launching  will  be  done  with  the 
aid  of  a  Le  Tourneau  Log  Loader,  a 
commercial  vehicle  usually  used  for  the 
indicated  purpose.  A  bubble  in  the 
balloon  is  first  inflated  with  sufficient 
helium  to  take  the  aerostat  to  altitude, 
and  then  the  balloon  is  released.  Mean- 

while, the  Log  Loader  is  holding  on  to 
the  gondola  by  a  shank  of  supporting 
ropes. 

When  the  balloon  is  vertically  above 
the  gondola,  which  can  be  assured  by 
proper  jockeying  of  the  Log  Loader 
machine,  the  aerostat  is  released.  Ad- 

vantage of  this  method  is  that  launching 
does  not  require  a  perfectly  calm  day 
but  can  be  performed  in  winds  up  to 10  mph. 

•  Flight  plan — Following  take-off 
in  the  evening  near  Chico,  Calif.,  the 
balloon  will  be  at  ceiling  altitude  of 
about  87,000  ft.  approximately  100 
minutes  later.  The  telescope  stabilization 
system  will  then  be  turned  on  and  obser- 

vations will  start. 
At  about  midnight  the  same  day,  the 

balloon  will  start  down.  Observations 
will  be  made  during  descent. 

Attempts  will  be  made  to  get  scintil- 
lation and  water  vapor  data.  It  may  not 

be  possible  to  measure  actual  amounts 
of  upper-atmosphere  water  vapor,  but 
it  will  be  possible  to  plot  a  relative  curve 
showing  the  loss  of  light  in  certain  wave- 

lengths due  to  increased  water  vapor 
during  the  descent  from  the  atmosphere. 
The  landing  will  be  made  at  sunrise,  i* 
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Members  Expected 

To  Merge  AIEE  and  IRE 

Cautious  optimism  over  consolidation  voiced  at  meeting  of 

Institute;  highlight  is  report  on  gigacycle  computer  work 

by  Mike  Getler 

New  York — A  merger  of  the  Amer- 
ican Institute  of  Electrical  Engineers 

and  the  Institute  of  Radio  Engineers 
now  appears  likely. 

A  membership  vote  on  the  merger, 
conducted  concurrently  by  both  organi- 

zations, is  expected  by  mid-June,  fol- 
lowing scheduled  release  in  March  of  a 

report  by  a  joint  committee  of  top  AIEE 
and  IRE  officials.  The  committee  has 

been  studying  the  "feasibility,  practic- 
ability, and  form  of  consolidation"  since 

last  October,  and  its  report  is  expected 
to  favor  a  mutually  agreeable  merger. 

Several  joint  two-man  study  groups 
are  also  at  work  on  financial,  legal,  and 
geographical  problems  posed  by  such  a 
consolidation  of  the  70.000-member 
AIEE  and  the  90,000-member  IRE. 

These  problems  were  given  an  air- 
ing last  week  at  AIEE's  winter  meeting here. 
Officials  of  both  organizations, 

though  generally  optimistic,  are  hedging 
on  the  predicted  outcome  of  the  mem- 

bership vote.  They  point  out  that  while 
optimism  may  run  high  at  regional  or 
seasonal  technical  sessions,  the  bulk  of 
the  membership  is  of  the  stay-at-home 
variety  and  has  never  actually  been 
polled  on  the  question. 

Whatever  the  outcome  of  the  vote, 
no  merger  action  will  be  taken  until 
after  the  first  of  the  year. 

•  Some  doubts — AIEE  observers  at 
the  meeting  here  reported  that  some  fac- 

tional doubts  concerning  the  benefits  of 
a  merger  had  been  voiced  by  members 
of  the  heavy  power  plant  and  cable  in- 

dustry, who  probably  have  least  to  gain 
from  the  radio  engineers'  meetings. 

The  future  of  the  AIEE  exposition- 
type  meeting,  which  was  tried  for  the 
first  time  here  last  week,  was  also  dis- 

cussed. Some  members  speculated  that 

even  if  the  two  groups  joined  forces  a 
modified  version  of  the  AIEE  meeting 
and  technical  display  would  continue  on 
an  annual  or  biannual  basis,  aimed  pri- 

marily at  the  power  and  electromechani- cal industries. 

The  likelihood  of  the  merger,  com- 
ing on  the  heels  of  a  probable  combina- 

tion of  the  American  Rocket  Society 
and  the  Institute  of  the  Aerospace  Sci- 

ences (M/R,  Jan.  22,  p.  9),  could  set 
off  a  wave  of  technical-society  mergers 
in  other  fields  where  there  is  consider- 

able overlap  of  membership  and  tech- 
nical presentation.  Approval  of  both  the 

AIEE-IRE  and  ARS-IAS  mergers  could, 
by  1963,  put  almost  200.000  scientists 
and  engineers  engaged  directly  or  indi- 

rectly in  aerospace  efforts  in  either  of 
two  extremely  powerful  technical  bodies. 

•  Technical  highlight — On  the  tech- 
nical side  of  the  New  York  meeting,  the 

rapid  expansion  of  high-speed  computer 
technology  was  very  much  in  evidence. 

Eight  technical  sessions  covering  31 
papers  were  presented  in  this  area.  Four 
of  the  sessions  dealt  specifically  with 

ARS-IAS  Merger  Study 

Report  Due  in  May 
A  TETS-MAN  consolidation  steer- 
ing committee  composed  of  repre- 

sentatives of  the  American  Rocket 
Society  and  the  Institute  of  the  Aero- 

space Sciences  is  due  to  submit  a 
final  study  report  on  the  proposed 
merger  of  the  two  societies  in  Way. 

At  that  time,  ho'h  groups  trill 
make  independent  decisions  on  sub- 

mission of  a  specific  consolidation 
plan  to  be  voted  upon  by  members. 

future  computer  operations  in  the  giga- 
cycle range.  The  papers  and  discussions 

were  the  first  public  disclosure  by  the 
AIEE  of  work  in  this  field,  and  are  an 
outgrowth  of  a  recent  closed  workshop 

on  the  subject  held  by  the  organization's 
Computer  Systems  Subcommittee  in 
Carmel,  Calif.,  last  May. 

A  gigacycle,  or  kilomegacycle,  com- 
puter would  reportedly  operate  at  speeds 

1000  times  as  fast  as  current  1-5  mega- 
cycle units,  with  memory  access  times 

between  10  and  40  nanoseconds  and 
gate  delays  on  the  order  of  a  fraction 
of  a  nanosecond. 

Application  to  problems  of  voice 
recognition,  spatial  pattern  recognition, 
lengthy  partial  differential  equations, 
and  solution  of  game  theories  with  in- 

complete strategics  were  described.  Ger- 
hard L.  Hollander,  director  of  Hollander 

Associates,  a  Fullerton,  Calif.,  computer 
consulting  firm,  predicted  that  within 
two  or  three  years  early  gigacycle  com- 

puters would  be  handling  problems  now 
being  tackled  by  existing  computers 
operating  in  parallel. 

•  Economy  studied  —  Hollander 
placed  heavy  emphasis  on  the  economic 
aspects  of  introducing  such  high-speed 
computers,  claiming  an  eventual  low 
operating  cost  in  terms  of  load  per 
computer  dollars — and  high  reliability 
through  use  of  smaller  and  fewer 
components. 

According  to  Hollander,  the  very 
short  distances  which  electrical  energy 
can  move  during  a  nanosecond  will 
necessitate  very  small  and  compact 
packaging  for  these  devices.  Carrying 
this  thought  further,  he  hinted  at  wide- 

spread space  applications  made  possible 
by  microminiaturization  in  computer 
manufacture. 

Several  companies — including  RCA, 
Sperry  Rand,  IBM,  Philco  and  General 
Electric — are  working  to  develop  giga- 

cycle computers  through  many  avenues. 
RCA,  proceeding  under  a  Navy 

Bureau  of  Ships  contract,  Project  Light- 
ning, is  reported  to  be  about  two  years 

away  from  first  laboratory  trials  of  a  de- 
vice based  on  tunnel  diode  technology. 

As  of  now,  this  is  expected  to  be  the 
first  operational  computer  capable  of 

gigacycle  speeds. Use  of  extremely  thin  films  operating 
under  cryogenic  temperatures  is  also 
considered  a  likely  approach  to  giga- 

cycle development,  and  is  viewed  by 
Hollander  as  having  even  greater economy. 

Current  thin-film  "cryotrons"  are 
said  to  have  switching  capabilities  on 
the  order  of  one  two-hundred-millionth 
of  a  second.  Improved  thin  films,  re- 

duced in  thickness  to  about  one  fifty- 
thousandth  of  an  inch,  were  credited 
with  speed  capabilities  of  up  to  one 
ten-billionth  of  a  second.  8 
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Action  this  year  doubtful  .  .  . 

Congress  Awaits  JFK  Lead  on  Patents 

Hearings  held  on  bill  to  liberalize  NASA 

rules,  but  Administration  wants  uniform  policy 
by  Charles  Schaeffer 

AFTER  A  NEW  ROUND  of  hear- 
ings on  the  controversial  issue  of  liberal- 

izing the  patent  provisions  governing 
NASA's  research  and  development  con- 

tracts, Congress  this  week  was  still 
looking  to  the  White  House  for  the  next 
move. 

This  could  come,  perhaps  within  six 
weeks,  in  the  form  of  a  broader  pro- 

posal— not  limited  to  NASA  but  apply- 
ing uniformly  to  other  government 

agencies.  What  exact  form  the  long-in- 
the-making  policy  would  take,  govern- 

ment witnesses  were  not  prepared  to  say 
as  they  readied  testimony  for  a  special 
Patents  Subcommittee  of  the  House 
Science  and  Astronautics  Committee. 

Under  consideration  at  last  week's 
hearings  was  legislation  (H.R.  1934)  by 
Subcommittee  Chairman  Emilio  Dad- 
dario  (D-Conn.)  to  give  the  NASA  Ad- 

ministrator more  flexibility  to  waive 
claim  to  titles  of  inventions  developed 
under  space  agency  contracts. 

Essentially,  the  bill  preserves  the 
government's  right  to  an  irrevocable, 
non-exclusive,  nontransferrable  royalty- 
free  license,  along  the  lines  of  the  pres- 

ent Defense  Department  administrative 
rule.  As  a  safeguard,  NASA  could  re- 

tain title  in  the  "national  interest"  or 
when  a  higher  law  prevails. 

Despite  conflicting  views,  Rep.  Dad- 
dario  told  Missiles  &  Rockets,  he  be- 

lieves the  subcommittee  will  recommend 
liberalization  to  the  full  committee.  The 

bill's  fate  then  depends  on: 
—Whether  Congress  chooses  to  con- 

sider the  Administration's  upcoming 
uniform  government  policy  instead  of 
the  parochial  NASA  issue. 

—  Whether  Congress  overrides 
NASA's  reluctance  and  gives  the  agency 
the  liberalized  waiver  rights  it  no  longer 
is  seeking. 

—Or  whether  Congress  simply  does 
nothing. 

In  an  election  year,  with  congress- 
men facing  showdown  floor  fights  on 

many  other  controversial  issues,  the  lat- 
ter now  seems  the  likely  choice.  And 

one  subcommittee  member,  Rep.  Edgar 

Chenoweth  (R-Colo.),  candidly  sees 
scant  prospect  for  obtaining  a  uniform 
patent  policy  in  a  Congress  divided  over 
the  issue  of  whether  contractors  or  the 
government  should  own  inventions  de- 

veloped under  Federal  contracts. 
Against  this  backdrop,  the  Justice 

Department  posted  an  objection  to  the 
bill  on  the  grounds  that  government 
research  contracts  to  the  largest  firms 
are  already  "contributing  a  powerful 
impetus  toward  a  concentration  of  in- 

dustry that  is  antithetical  to  the  basic 

principles  of  a  free  enterprise  system." 
Moreover,  wrote  Byron  R.  White,  Dep- 

uty Attorney  General,  "grants  to  a private  contractor  of  patent  rights  on 
the  research  so  financed  perpetuate 
for  a  considerable  period  the  advantage 

over  competitors  .  .  ." 
Enactment  of  the  bill,  White  con- 

tended, would  prejudice  the  case  for  a 
reasonably  uniform  government  policy 

by  establishing  for  a  single  agency  "a new  basic  policy  substantially  differing 
f r©m';  that  embodied  in  any  previous  leg- 

islation on  the  subject." 
In  Justice's  view,  White  wrote,  "the 

bill  would  also  eliminate  the  present  re- 
quirement for  reporting  all  technical 

information  developed  under  contract, 
thus  encouraging  accumulation  of  know- 
how  in  the  hands  of  favored  contractors 
to  the  exclusion  of  competitors,  frus- 

trating diffusion  of  technical  and  scien- 
tific knowledge  involved  even  for  the 

Government's  own  use  in  further  re- 
search and  development  of  related  pro- 

duction." Subsequently,  Justice  officials 
were  asked  to  amplify  their  views  in 
public  testimony. 

In  contrast,  the  Defense  Department 

last  summer  supported  Daddario's  effort to  liberalize  the  law.  Commenting  on 
the  Department's  views  filed  with  the 
committee,  Daddario  said:  "The  De- 

fense Department  believes  that  a  flexible 
licensing  policy  on  patents  and  inven- 

tions by  private  contractors  is  in  the  best 
interest  of  the  country  and  also  applies 
to  the  National  Aeronautics  and  Space 

Administration." 

Last  week,  as  the  hearings  moved  to 
a  climax,  NASA  witnesses  were  sched- 

uled to  brief  the  subcommittee  on  re- 
cent administration  of  the  agency's 

patent  provisions.  And  they  were  ready 
to  report  no  change  in  the  position  taken 
last  May.  In  essence,  this  is  that  the 
present  law  is  causing  no  serious  admin- 

istrative problems. 

Within  the  Commerce  Department's patent  office,  the  situation,  as  officials 
prepared  to  testify,  was  this:  a  uniform 

policy  is  not  yet  "crystallized,"  but  with 
pressure  mounting  within  the  Adminis- 

tration something  should  materialize 
within  a  month  to  six  weeks.  Meantime, 
Commerce  is  still  fostering  a  middle- 
ground  approach  in  an  effort  to  appease 
the  quarreling  camps  and  to  work  out 
with  industry  and  government  accept- 

able protection  for  both. 
The  Daddario  bill  won  support  from 

two  representatives  of  the  missile  pro- 
pulsion industry. 

"The  public  will  realize  optimum 
benefit  from  R&D  expenditures  of  the 
U.S.  Government  if  the  license  policies 
of  the  Department  of  Defense  are  en- 

couraged and  fostered,"  Emerson  S. 
Reichard,  Jr.,  Vice  President-Adminis- 

tration, Aerojet-General  Corp.,  testified. 
"This  policy  should  be  a  uniform  policy 
throughout  the  U.S.  government  and  its 
agencies,  and  we  advocate  a  clear  ex- 

pression of  legislative  intent  in  this  re- 
gard by  the  adoption  of  specific  legisla- 
tion making  such  policies  mandatory." 

Franklin  O.  Davis,  manager  of  the 
corporate  patent  department,  Thiokol 
Chemical  Corp.,  said  the  company  be- 

lieves the  bill  "will  be  helpful  in  re- 
assuring smaller  companies  that  they 

are  not  going  to  be  put  to  too  great  a 
competitive  disadvantage  because  they 
happened  to  have  a  government  con- 

tract in  a  sensitive  field."  Reichard  and 
Davis  agreed  that  there  is  no  general 
requirement  for  the  government  to  take 
title  to  inventions  while  it  has  the  pro- 

tection of  the  royalty-free  license.  8 
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VITRO  IN  COMMUNICATIONS 

Through  the  centuries,  primitive  man  developed  remarkable  communications  net- 
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ictro-Optical  Systems'  61 -Beam  Ion  Engine  being  readied  for  vacuum  test. 

SPECIAL  REPORT 

ELECTRICAL  ULSION: 

HOW  SOON? 

Electrical  engines  are  essential  to  the  intelligent  development 

of  observation  and  communications  satellites  —  and  they  will  become 
available  sooner  than  many  people  think.  The  following  special  report  compiled 

by  M/R  Associate  Editor  John  F.  Judge  shows  where  we  stand  today  in 
power  transmission . . .  engine  technology . . .  and  why  we  hope 

to  hit  operational  target  dates  in  the  near  future. 
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SPECIAL  REPORT 

ELECTRICAL  PROPULSION 

Electric  Engines  At  Stage  o 

Developments  indicate  early  space  propulsion  devices 

can  pay  off  in  some  areas;  data-gathering,  communications  cited 

IF  THE  U.S.  is  to  have  operational 
electrical  propulsion  systems  in  the 
1965-67  period,  lead-time  considerations 
dictate  an  immediate  move  into  full- 
scale  programs  and  adequate  funding  in 
the  very  near  future. 

Experts  in  the  field  agree  that  it  takes 
a  minimum  of  18  months  to  design, 
build,  environmentally  test  and  integrate 
an  electrical  propulsion  engine  into  an 
operational  system. 

Electrical  propulsion  engines  are 
rapidly  approaching  the  mission  require- 

ment stage.  No  longer  considered 
"exotic,"  some  of  these  devices  have 
been  pushed  by  fast-paced  development 
programs  into  the  flight-test  regime. 

The  National  Aeronautics  and  Space 
Administration  plans  to  start  short- 
duration  test  flights  with  ion  engines  in 
the  fall  of  1962.  Arc-jet  engines  will 
join  the  test  program  early  in  1963,  and 
short-duration  tests  of  plasma  devices  in 
space  are  slated  for  1964. 

All  tests  will  probably  involve  Scout 
vehicles  and  ballistic  trajectories. 

There  is  a  definite  possibility  an 
orbital  life  test  will  take  place  in  1964, 
involving  all  three  propulsion  concepts 
and  a  larger  booster. 

I.  R.  Schwartz,  chief,  NASA  Elec- 
trical Propulsion  Office,  says  the  lead 

time  is  running  out.  "We  should  start 
moving  now  on  a  large  scale;  merely  dis- 

cussing the  potential  of  electrical  pro- 
pulsion is  not  enough." 

The  NASA  space  propulsion  effort 
is  aimed  at  handling  any  mission  profile 
that  might  appear.  The  present  emphasis 
on  booster  development  has  all  but 
obscured  many  concurrent  space  tech- 

nology requirements  and  several  of 
these  are  particularly  suited  to  electrical 
propulsion. 

For  instance,  a  fantastic  amount  of 
data  are  needed  to  support  currently 

funded  programs.  This  is  the  run-of-the- 
mill  information — radiation,  meteroids, 
magnetic  fields — so  vital  to  intelligent 
design.  The  precise,  methodical  and 
efficient  investigation  of  near-earth  space 
can  be  handled  only  by  electrically  pro- 

pelled vehicles. 
•  Years  of  operation  —  The  long- 

duration  propulsive  characteristics  of 
electrical  engines  make  a  probe  capable 
of  accurately  collecting  a  vast  amount 
of  information  while  canvassing  a  huge 
segment  of  near-earth  space.  A  gradu- 

ally widening  spiral  orbit  is  one  example. 
Communications  satellites  generate 

another  set  of  requirements  best  handled 
by  the  devices.  The  1-KW  arc-jet  now 
nearing  test  flight  could  be  utilized  for 
attitude  control  with  a  lifetime  far  sur- 

passing a  chemical  system. 
There  are  many  other  missions  in 

the  lower  power  levels  that  can  be 
efficiently  and  economically  handled 
with  first-generation  electrical  engines. 

The  ultimate  use  of  these  engines 
will  be  in  deep-space  missions.  A  great 
deal  has  been  said  about  their  capabili- 

ties here.  But  some  of  these  engines  can 
be  pulling  their  weight  before  the  aver- 

age American  has  paid  for  his  1962  car. 
•  Concept  breakdown  —  There  are 

three  basic  electrical  propulsion  devices 
— electrothermal  or  arc-jet,  electrostatic 
or  ion,  and  electromagnetic  or  plasma. 

The  arc-jet  provides  thrust  by  heat- 
ing a  gaseous  propellant  with  an  electric 

arc.  The  propellant,  at  several  thousand 
degrees  F,  is  expanded  through  a  con- 

ventional nozzle.  Specific  impulse  runs 
from  700  to  2000  sec,  and  the  thrust  in 
operational  engines  will  be  between  0.01 
and  1.0  lbs.  Although  low  in  Isp,  the 
arc  jet  is  the  simplest  device  capable  of 
generating  high  thrust  from  a  given 
amount  of  power.  This  is  due  to  its  low 
power  and  energy  transfer  losses. 

A  1-KW  arc -jet  being  developed  by 
Plasmadyne  Corp.  may  find  applica- 

tions as  an  attitude-control  system  in 
communications  satellites.  The  NASA- 
funded  project  is  now  at  a  design  re- 

quirement stage. 
Electrostatic  or  ion  rockets  create 

thrust  by  accelerating  charged  particles. 
A  propellant.  usually  cesium,  is  vapor- 

ized and  impinged  on  a  heated  tungsten 
emitter.  Positive  cesium  ions  are  gen- 

erated, then  accelerated  through  elec- 
trostatic fields  and  ejected,  providing 

thrust. 
Ion  rockets  have  theoretical  Isp 

ranges  between  3500  and  over  10,000 
sec.  with  thrusts  of  0.01  to  0.5  lbs. 

Since  the  propellant  is  positively 
charged,  an  ion  device  must  be  neutral- 

ized or  a  negative  charge  will  build  up 
on  the  vehicle.  If  this  happens,  the  ion 
beams  will  be  drawn  to  the  vehicle — 
effectively  destroying  thrust.  Developers 
of  the  various  ion  devices  have  solved 
this  problem. 

The  electromagnetic  engine  operates 
by  accelerating  plasma — a  gaseous  mix- 

ture dissociated  and  ionized  into  ap- 
proximately equal  amounts  of  electrons 

and  positively  charged  ions.  The  mixture, 
sometimes  called  the  fourth  state  of 
matter,  does  not  behave  like  a  normal 
gas  in  the  electrical  sense.  Although 
neutral,  the  gas  responds  to  electrical 
and  magnetic  fields. 

Acceleration  is  achieved  by  applying 
mutually  perpendicular  magnetic  and 
electric  fields.  This  brings  the  synchron- 

ous motor  principle  into  the  picture — 
when  a  conductor  is  acted  upon  by 
mutually  perpendicular  magnetic  and 
electric  fields,  it  moves. 

Plasma  engines  have  a  potential  Isp 
range  from  700  to  over  10,000  sec,  with 
thrusts  between  0.01  and  1.0  lbs.  Cur- 

rent development  programs   are  pri- 
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Dperational  System  Planning 

by  John  F.  Judge 

marily  aimed  at  the  Isp  range  between 
arc-jets  and  ion  engines,  although  there 
is  an  overlap  at  either  end. 

These  engine  concepts  do  not  com- 
pete with  each  other.  There  are  definite 

flight  profiles  best  suited  to  one  or 
another  of  these  devices.  In  first-genera- 

tion engines  there  may  be  overlapping 
missions;  the  choice  will  then  depend  on 
such  familiar  criteria  as  reliability,  effi- 

ciency and  economy. 
For  long  deep-space  missions,  the 

ion  engine  seems  to  be  the  logical  sys- 
tem. As  the  mission  time  is  reduced, 

plasma  devices  may  offer  more  in  terms 
of  meeting  mission  requirements. 

It  is  likely  that  the  arc -jet  will  be 
the  first  operational  system.  It  is  even 
more  likely  that  it  will  be  combined 
with  one  of  the  other  concepts  for  spe- 

cific space  tasks. 
Electrical  propulsion  has  lost  much 

of  its  aura  of  mystery.  The  hard,  real- 
istic standards  commonly  applied  to 

chemical  propulsion  systems  must  be 
met. 

•  Electrical  economics  —  The  ad- 
vantages of  electrical  systems  over 

chemical  propulsion  are  well  known. 
The  ratio  of  payload  to  propellant 
weight  in  electric  devices  far  surpasses 
anything  in  the  chemical  area.  For  in- 

stance, considering  comparable  overall 
booster  system,  an  ion  rocket  upper 
stage  can  place  4840  lbs.  in  a  24-hr. 
orbit,  while  a  chemical  engine  payload 
could  not  exceed  2360  lbs. 

NASA  electrical  experts  constantly 
emphasize  the  flight  regime — electrical 
devices  are  space  engines.  These  de- 

vices cannot  function  unless  they  are 
free  from  the  restraints  of  a  planet.  The 
natural  environment  for  these  units  is 
space. 

NASA's  planned  funding  for  elec- 
tric propulsion  in  Fiscal  1963  is  $30,- 
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SOLAR  PROBE  to  20  solar  radii  mission  using  Saturn  C-l  launch  vehicle  is  one 
instance  in  which  even  the  nuclear  rocket  is  outclassed  by  electrical  engines. 
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24-HOUR  SATELLITE  ORBIT  spirally  reached  with  electrical  propulsion.  Same  spiral 
concept  can  be  used  for  accurate  and  wide-ranging  data-gathering. 

647,000.  Of  this  amount,  approximately 
$10  million  will  go  for  power  source 
development  for  electric  propulsion  sys- 

tems. Space  power  sources  receive  fund- 
ing from  other  areas  of  the  NASA 

budget,  making  the  total  figure  some- 
what higher.  But  power  is  the  limiting 

and  pacing  item  in  the  use  of  electrical 
propulsion. 

Sunflower  and  SNAP  2  (see  page 
33)  are  the  candidates  for  the  first- 
generation  electric  engines.  The  next 
step  in  power  generation  will  come  with 
the  30-to-60-KW  SNAP  8  systems.  The 
ultimate  is  in  the  megawatt  ranges. 
When  these  levels  are  reached,  electrical 
propulsion  systems  will  be  pushing 
manned  and  unmanned  payloads  to- 

wards the  distant  planets. 
But  these  systems  are  still  far  in  the 

future.  The  relatively  low  power  sources 
of  3-30-60-KW  capacity  will  soon  be 

4000 

available  in  terms  of  mission  lead  time. 
If  electrical  propulsion  systems  are  given 
the  necessary  attention,  by  the  time  the 
large  boosters  are  ready  the  U.S.  will 
have  a  space  propulsion  capability  far 
in  excess  of  anything  in  the  current 
technology.  And  this,  says  NASA  scien- 

tists, is  the  1965-67  period. 
There  is  still  a  fair  share  of  prob- 

lems associated  with  the  ion  and  plasma 
engines.  In  terms  of  development,  the 
ion  devices  are  more  advanced  than 
plasma.  But.  for  several  reasons,  plasma 
engines  are  proving  more  and  more  at- 

tractive in  terms  of  potential.  Their 
developed  thrust  is  higher,  and  rewards 
may  be  realized  in  simplicity  of  con- 

figuration. In  some  cases,  there  is  a 
scale-up  factor  that  takes  advantage  of 
megawatt  power  ranges  to  a  greater  de- 

gree than  the  ion  device. 
All  of  these  are  unrealized  benefits. 

At  the  moment,  ion  engines  are  likely 
to  capture  and  maintain  superiority  in 
certain  flight  profiles. 

•  Ion  engine  problems — The  main 
headache  area  centers  around  the  elec- 

trode. In  the  electron-bombardment 
device,  electron  emitter  life  is  being  ex- 

tended through  use  of  a  low-work- 
function  emitter.  Propellant  utilization 
efficiency  increases  are  under  investiga- 
tion. 

Contact  ion  devices  pose  their  prin- 
cipal problem  in  the  area  of  increasing 

the  current  density  from  the  emitter. 
Accelerate-decelerate  configurations  are 
being  used  to  handle  this.  A  secondary 
problem  is  the  reduction  of  the  im- 

pingement of  ions  on  the  accelerating 
electrodes. 

Hughes  Aircraft  Co.  is  reducing 
electrode  interception  of  ions  through 
computer  techniques  in  ion  optics.  Neu- 

tralization is  not  considered  a  major 
problem  by  any  of  the  ion  engine  firms 
— but  most  agree  that  flight  tests  are 
necessary  for  absolute  proof. 

In  colloidal  particle  rockets,  the 
main  problem  seems  to  be  the  estab- 

lishment of  uniform  charges  on  the 
particles — and  the  measurement  of  these 
charges.  NASA-Lewis  is  investigating  an 
experimental  quadrupole  mass  spectrom- 

eter to  measure  the  charge/ mass  dis- 
tributions in  the  beam. 

Traveling  wave  plasma  engines  pose 
problems  in  the  mechanism  of  coupling 
between  gaseous  conductors  and  the 
traveling  magnetic  wave.  Actual  per- 

formance and  scaling  laws  provide  more 
complexity  to  the  overall  area. 

There  are  also  problems  in  magnetic 
insulation,  and  in  achieving  desired  re- 

petition rates.  Cross-field  plasma  accel- 
erators have  problems — in  material  lim- 
itations and  steadiness  of  the  discharge 

in  the  high  magnetic  fields  . 
•  Unfounded  optimism  —  One  of 

the  side-effects  of  ion  engine  develop- 
ment has  been  a  sudden  surge  of  interest 

in  the  manufacture  of  cesium,  currently 
the  most  applicable  propellant.  There 
have  been  gold-plated  predictions  of 
large-quantity  consumption  of  the  metal 
in  relation  to  projected  electrical  pro- 

pulsion demands. 
Prior  to  1950,  cesium  was  purchased 

in  5-to-l  0-gram  quantities  by  a  very  few 
people.  It  was  only  in  1959  that  the 
metal  began  to  move  in  1-lb.  lots,  and 
the  entire  output  of  cesium  used  cur- 

rently is  measured  in  the  low  hundreds. 
Reports  of  a  boom  in  the  metal  have 

been  a  bit  optimistic,  one  major  supplier 
says.  Before  these  figures  can  be  real- 

ized, space  applications  of  the  metal 
will  have  to  be  a  common  thing — some- 

thing not  likely  to  occur  in  this  decade. 
A  pound  of  cesium  goes  a  long  way  in 
an  ion  engine.  8 
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EQUATORIAL  SATELLITE  mission  (24-hr.)  illustrates  the  relative  capabilities  of  elec- 
trical systems  as  compared  to  a  chemical  approach. 
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1.  The  Atlas  at  Vandenburg  Air  Force  Base. 2.  The  Titan  at  Vandenburg  Air  Force  Base.  3.  The  Minute  Man  at  the  AFMTC,  Cape  Canaveral. 
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SPECIAL  REPORT 

ELECTRICAL  PROPULSION 

Diverse  Programs  Push  U.S.  Art 

RESEARCH,  development  and  hardware  programs  in  electrical  propul- 
sion are  shifting  into  high  gear  at  various  laboratories  across  the  country. 

Industry,  NASA  and  military  specialists  are  developing  engines  on  a  broad 
front  with  varying  degrees  of  success.  Security  restrictions  and  proprietary 
considerations  preclude  a  complete  resume  of  electrical  propulsion  work  in  the 
U.S.,  but  the  following  summary  represents,  in  a  general  manner,  the  diversity 
and  status  of  the  various  projects  in  this  major  field. 

ALLISON  DIVISION,  GENERAL 
MOTORS  CORP.— Two  engines  and 
studies  into  beam-charge  neutralization 
are  in  the  works.  Both  engines  are 
plasma.  One  is  a  fast-pulse,  fed-wire- 
propellant,  rail-type  plasma  accelerator. 
Its  single-pulse  Isp  is  currently  in  the 
2000-7000  sec.  range  with  a  38%  effi- 

ciency. The  units  is  expected  to  reach 
an  efficiency  of  50%  at  an  Isp  of  4000 
sec.  using  30  to  60  KW  power  sources. 

The  second  engine  is  a  fast-pulse, 
gas-injection  annular  magnetic  shock  ac- 

celerator with  a  current  low-pulse  Is[, 
of  2000-6000  sec.  and  an  efficiency  of 
20%.  By  1965,  this  unit  is  expected 
to  have  a  50%  efficiency  at  an  Isp  of 
4000  sec,  using  30  to  60  KW  power 
sources.  This  development  is  funded  by 
both  GM  and  AFSC-ASD. 

AVCO  -  EVERETT  RESEARCH 
LABORATORY— A  steady-state  mag- 

netic annular-arc  engine  (MHD  rota- 
tional device  related  to  both  the  arc  jet 

and  crossed  field  accelerator)  is  being 
developed  under  AFOSR  sponsorship. 
The  unit  has  achieved  0.75-lbs.  thrust, 
Isp  of  400  sec,  but  is  expected  to  ulti- 

mately reach  thrust  above  1  lb.  with  an 
Isp  between  1000  and  2500  sec.  Over- 

all efficiency  is  15-50%.  Argon  has 
been  used,  but  lithium  may  be  best. 

A  pulsed  coaxial  plasma  accelera- 
tor with  an  expected  operating  Isp 

range  above  2000  sec.  is  also  under  de- 
velopment. Thrust  and  efficiency  have 

not  yet  been  measured  but  the  Isp 
presently  falls  between  2000  and  20,000 
sec. 

A  C.W.  traveling  wave  plasma  ac- 
celerator ( EM  region  magnetic  channel- 

ing) is  the  third  device  being  studied. 

Its  current  thrust  is  1/20  lb.  with  an 
Isp  of  2500  sec.  and  an  efficiency  level 
of  30%. 

The  fourth  device  is  a  d-c  steady- 
state  plasma  accelerator  (EM  region 
magnetic  channeling)  with  an  expected 
operating  range  similar  to  the  last  two. 
Thrust,  Isp  and  overall  efficiency  have 
not  yet  been  measured. 

All  units  are  under  AFOSR  funding. 

THE  BOEING  CO.— Two  com- 
pany-funded studies  are  under  way — 

one  of  a  magnetic  induction  plasma 
engine,  the  other  of  a  pulsed-plasma 
rail  accelerator.  Thrust,  Isp  and  effi- 

ciency values  for  the  first  have  not  yet 
been  measured,  while  the  second  has 
a  present  thrust  of  0.003  lbs.,  Isp  of 
5000  sec.  and  undetermined  efficiency. 
The  magnetic  induction  unit  is  ex- 

pected to  develop  into  a  1 -lb. -thrust  de- 
vice with  Isp  levels  between  2000  and 

10,000  sec  The  expected  thrust-to- 
weight  ratio  is  10-4,  the  same  as  the 
parallel  rail  unit. 

CLAUSER  TECHNOLOGY 
CORP. — The  firm  is  engaged  in  re- 

search and  development  of  an  electrode- 
less  plasma  propulsion  engine  for 
NASA.  The  pulsed  plasma  device  uses 
a  traveling  magnetic  field  method  to 
accelerate  hydrogen  to  velocities  in  the 
105  meter/sec.  range.  A  magnetic  field 
is  made  to  move  along  an  accelerator 
tube  containing  the  plasma. 

Thrust  is  not  readily  measurable  but 
a  net  impulse  of  1.2  x  10-3  kg  m/sec. 
has  been  determined  at  an  Isp  of  5000 
sec.  At  a  repetition  rate  of  10  KC  this 
would  correspond  to  a  thrust  of  2.5 
lbs.  No  efficiency  figures  are  available 

yet. 

ELECTRO-OPTICAL  SYSTEMS, 
INC. — A  multi-beam-contact  cesium 
ion  engine  is  being  developed  under 
an  AFSC-ASD  contract.  The  proto- 

type 61 -beam  units  have  developed  3.2 
millipounds  thrust,  5000  to  8000  Isp 
ranges  and  efficiences  up  to  65%.  En- 

gines have  been  continuously  run  over 
175  hours  and  power-to-thrust  ratios 
were  in  the  280-kw/lb.  range  last  May. 
The  firm  has  performed  on  14  con- 

tracts in  the  ion  propulsion  field;  11 
of  these  are  still  active  or  being  ex- 

panded. The  multi-beam  engine  configura- 
tion is  based  on  circular  porous  tung- 
sten ionizers  mounted  in  closely  packed 

hexagonal  arrays.  The  accelerating  and 
decelerating  electrodes  have  correspond- 

ing multiple  circular  apertures.  The 
porous  ionizers  are  back-fed  from  a 
cesium  vapor  supply  system  controlled 
by  a  needle  valve. 

GENERAL  DYNAMICS/ ASTRO- 
NAUTICS— A  coaxial,  pulsed-plasma 

gun  is  being  studied  under  a  feasibility 
contract  from  NASA.  The  unit  con- 

sists of  two  cylindrical  electrodes 
which  accelerate  small  amounts  of 
repetitively  introduced  gases  to  provide 
thrust.  Propellants  to  be  investigated 
include  hydrogen,  helium,  argon  and nitrogen. 

GENERAL  ELECTRIC,  MIS- 
SILES AND  SPACE  VEHICLE 

DEPT. — There  are  development  pro- 
grams in  arc  jet  and  ion  engines  under 

NASA  and  Air  Force  funding.  The 
arc  jet,  using  hydrogen  propellant,  has 
a  current  thrust  of  0.5  lbs.,  an  Isp  of 
1000  sec.  and  an  efficiency  of  38%. 

The  ion  engine  has  a  current  thrust 
of  0.005  lbs.,  Isp  of  8000  sec.  and  a 
26%  efficiency.  By  1965,  the  unit  is 
expected  to  have  an  Isp  of  5000  sec. 
with  an  efficiency  of  55%. 

MSVD  also  has  study  contracts 
from  NASA  and  DOD  into  the  follow- 

ing areas:  A  microwave  B  field  acceler- 
ator (Cyclops)  under  NASA  which 

calls  for  a  flyable  prototype  by  the  end 
of  1963.   A  two-stage  coaxial  pulsed- 
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plasma  accelerator  (REPP AC  III),  a 
single-stage  coaxial  accelerator  (REP- 
PAC  II)  and  a  stationary  inductive  de- 

vice are  being  studied  under  GE/DOD 
funding. 

The  microwave  accelerator  is  an 
inductive  type  involving  electron  cyclo- 

tron heating  and  plasma  acceleration 
by  a  magnetic  nozzle.  The  motor  is 
driven  by  an  intense  beam  of  kilo- 
megacycle  RF  power  which  breaks 
down  gas  introduced  slowly  to  the 
propulsion  chamber.  The  entire  sys- 

tem is  immersed  in  a  steady  magnetic 
field.  The  axial  or  Bz  component  of 
the  field  is  tuned  so  that  the  electron 
cyclotron  frequency  resonates  with  the 
impressed  RF  field.  This  coupling  re- 

sults in  a  large  power  transfer  to  the 
ionized  gas.  The  shape  of  the  diverging 
magnetic  field  deflects  the  motion  of  the 
electrons  from  spiraling  azimuthal  or- 

bits to  translational  thrust. 

GOODRICH  -  HIGH  VOLTAGE 
ASTRONAUTICS,  INC— A  high-cur- 

rent- density,  arc-type,  heavy  ion  engine 
is  being  developed  under  AFSC-ASD 
sponsorship.  The  arc  section  is  com- 

parable to  duoplasmation-type  source 
geometry,  but  performance  and  specifi- 

cations are  currently  classified  and 
proprietary.  The  firm  has  a  NASA  con- 

tract for  a  low-current-density  electron 
bombardment  engine  which  works  on 
mercury  propellant.  The  unit  is  similar 
to  configuration  under  study  at  Lewis. 
It  uses  honeycomb  acceleration  elec- 

trodes with  a  thrust  level  of  more  than 
5  millipounds. 

Experiments  are  designed  to  clarify 
the  plasma  physics  of  the  source  and 
learn  more  about  sealing  relations  as 
well  as  the  unit's  current  density  po- tential. 

The  firm  also  supports  work  into 
heavy  particle  (colloid)  production 
schemes  for  thrust  applications — mer- 

cury colloids  as  well  as  sub-micron-size 
conducting  powders  are  involved.  The 
research  is  devoted  to  accomplishing 
sufficiently  large  specific  charges  on 
the  various  colloidal  fuels  under  con- 

sideration, and  to  permitting  useful  spe- 
cific impulses  in  the  exhaust  at  ac- 

celeration voltages  less  than  1  million 
volts. 

HUGHES  AIRCRAFT  CO.— The 
major  device  in  the  works  here  is  an 
ion  engine,  although  the  firm  is  also  in 
research  programs  on  several  plasma 
type  approaches.  The  ion  engine  uses 
an  annular-beam  configuration  and  pro- 

totypes built  to  date  have  reached  the 
several-millipound  thrust  level.  The 
NASA  sponsored  development  work  on 
larger-thrust  units  is  proceeding,  but 
details  are  not  available. 

LOCKHEED  MISSILES  AND 
SPACE  CO. — The  company  is  support- 
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Designed  for  instant  pull-pin  or  plunger 
movement,  the  CONAX  explosive-actuated 
latch  pins  provide  the  same  high  reliability 
(99.96%  single  primer  .  .  .  99.99+%  dual 

primers)  as  all  CONAX  explosive-actuated 
products.  Firing  of  the  explosive  detonator 
by  low  electrical  input  instantly  drives  ram 
to  break  the  lock  wire  and  release  pin- 
supported  loads  up  to  2000  pounds.  The 
pin  is  an  integral  part  of  the  piston  and  is 
drawn  flush  with  the  body  after  firing. 

For  complete  information  on  CONAX  explosive  valves 
and  latch  pins,  write  for  catalog  5808-XV.  Complete 
information  on  the  CONAX  Eager-Pak  (Explosive- 
Actuated  Gas  Energy  Release  Packages)  is  available 
in  catalog  361 -XV. AFTER  FIRING 
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ing  studies  and  developing  hardware  for 
an  ion  engine  designed  for  62  milli- 
pounds  thrust  per  square  foot  of  engine 
frontal  area  operating  with  net  acceler- 

ation voltages  of  5000  volts. 
The  unit  consists  of  parallel,  cylin- 

drical segments,  reverse  propellant  feed 
and  a  solid  tungsten  ionizer  surface 
with  cesium  propellant.  The  engine  can 
be  any  size  from  0.003  sq.  ft.  up,  with 
no  change  in  basic  structure  or  design. 

Present  laboratory  performance  is 
50%  of  the  design  thrust,  using  a  0.013- 
sq.-ft.  motor. 

MARQUARDT  CORP.-MHD  RE- 
SEARCH, INC.— A  team  effort  spon- 

sored by  NASA  is  investigating  the 
feasibility  of  a  continuous-current, 
crossed-field  plasma  accelerator.  The 
engine  can  be  functionally  described  as 
a  discharge  between  electrodes,  with 
a  magnetic  field  applied  at  right  angles. 
Motor  forces  accelerate  the  gas. 

NATIONAL  AERONAUTICS 
AND  SPACE  ADMINISTRATION, 
LEWIS  RESEARCH  CENTER— Eight 
engines  are  currently  in  various  stages 
of  research  and  development  at  the 

space  agency's  electric  propulsion center. 
•  Electron  Bombardment  Ion 

Rockets  (Kaufman  engine):  The  device 
consists  of  an  ionization  chamber  con- 

taining an  electron  emitter  wire  and 
outer  cylindrical  anode — with  external 
coil  to  produce  a  weak  magnetic  field 
in  the  chamber.  The  accelerator  elec- 

trode is  a  perforated  disc  and  neutrali- 
zation is  achieved  through  an  electron- 

emitter  wire  in  the  downstream  ion 
beam. 

The  propellant  is  mercury,  and  1-3 
KW  power  levels  are  under  intensive 
investigation  for  flight-testing.  Ion 
beam  currents  up  to  1  amp.  have  been 
generated.  10  KW  to  30  KW  clusters 
are  being  designed  for  study  in  a  large- 
vacuum  test  facility.  Thrust  levels  range 
from  0.007  to  0.2  lbs.  at  an  Isp  of  5000 
sec. 

•  Contact  Ion  Rockets  (Porous 

Tungsten  Emitter) :  The  unit's  config- uration consists  of  a  slab  beam  using  a 
porous  tungsten  emitter  0.3  by  6  in., 
radiation  heated  by  a  tantalum  filament. 
The  element  gives  a  beam  power  around 
300  W  and  a  cluster  of  similar  units  is 
being  fabricated  to  provide  about  3 
KW.   The  propellant  is  cesium. 

•  Contact  Ion  Rockets  (Reverse 
Feed).  A  solid  tungsten  emitter  is  used 
with  very  closely  spaced  wire  grids  as 
accelerators.  Neutral  cesuim  vapor  is 
directed  onto  the  downstream  surface 
and  ions  are  extracted  through  the  grids. 
Power  levels  run  less  than  1  KW. 

•  Colloidal  Particle  Ion  Rockets: 
Particles  are  generated  during  super- 

sonic expansion  of  a  low-pressure  vapor. 

ANNULAR-BEAM  ion  engine  under  de- 
velopment at  Hughes  will  be  one  of  first 

ion  engine  types  flight-tested  by  NASA. 

Subsequent  charging  and  acceleration 
may  use  corona  discharge  with  a  con- 

ventional electrostatic  lens.  The  propel- 
lants  include  mercurous  chloride.  Power 
levels  are  under  1  KW. 

•  Traveling  Wave  Plasma  Engine: 
The  configuration  consists  of  a  4-coil, 
1  -wavelength  length  unit  with  the  planes 
of  the  coil  perpendicular  to  the  ac- 

celerator axis.  Current  in  each  coil  lags 
that  of  its  upstream  neighbor  by  90°. 
Gaseous  conductor  supplied  by  electron 
bombardment  source  is  accelerated  by 
traveling  magnetic  field.  Weak  d-c 
axial  field  is  used  to  partially  confine 
the  plasma. 

The  propellant  is  argon  and  power 
available  is  26  KW  at  a  frequency  of 
150  kc. 

•  Coaxial  Pulsed  Plasma  Engine: 
There  are  two  configurations  under 
study.  The  first  is  a  single-shot  gun 
very  much  like  the  Marshall  (LASL) 
gun.  Gas  metered  by  a  fast-acting 
valve  is  admitted  to  annular  volume 
through  ports  in  the  inner  electrode.  A 
condensor  bank  at  5000  joules  dis- 

charges between  inner  and  outer  elec- 
trodes. The  resulting  current  sheet  is 

driven  downstream  by  interaction  be- 
tween current  and  its  self-induced 

azimuthal  magnetic  field. 
The  second  configuration  is  a  repe- 

titively pulsed  engine  with  a  very  low 
inductance  capacitor  integrally  con- 

nected to  a  small  gun.  Discharge  is 
self-initiated  and  the  unit  is  operated 
with  continual  gas  feed  at  rates  of  100 
to  500  per  second. 

•  Electric  Arc  Jets:  Three  config- 
urations are  involved.  Each  has  rota- 

tional symmetry  about  a  central  axis 
and  each  has  the  arc  current  passing 
between  coaxial  electrodes  separated  by 
an  annular  gap  through  which  the 
propellant  flows. 

The  specific  geometries  involved  are 
1 )  cylindical — the  arc  column  is  estab- 

lished in  the  subsonic  region  of  a  con- 
vergent-divergent nozzle,  2)  constricted 

— the  arc  column  terminates  down- 
stream of  nozzle  throat  and  3)  mag- 

netically spun — similar  to  the  first  ex- 
cept the  arc  is  rotated  rapidly  by  an 

applied  magnetic  field. 
•  Resistance-Heated  Hydrogen  Jets: 

There  are  two  configurations.  Each 
has  rotational  symmetry  and  each  heats 
the  propellant  by  passing  it  through  or 
over  a  resistance-heated,  refractory- 
metal  heat  exchanger.  The  main  dif- 

ference between  the  two  is  in  the  heat 
exchanger  configuration.  One  uses  a 
thin  tungsten  tube,  making  it  a  low- 
voltage  device,  and  the  other  uses  tung- 

sten filament  wires,  for  high  voltage. 
The  only  possible  propellant  is  hy- 

drogen, since  the  desired  Isp  is  1000 
sec.  Power  levels  are  1  to  30  KW. 

PLASMADYNE  CORP.— The  firm 
is  currently  under  contract  in  three 
major  areas.  A  complete  attitude  con- 

trol system  is  being  developed  for 
NASA,  using  a  1  KW  plasma  arc 
thruster.  Part  of  this  system  will  be 
flight-tested  by  the  SERT  program. 

There  is  a  30-KW-thrust  system 
in  development,  intended  for  use  in  a 
feasibility  flight  under  Air  Force  spon- 

sorship. The  Air  Force  has  also  con- 
tracted with  the  firm  for  applied  re- 

search into  the  MHD  thrust  field. 

REPUBLIC  AVIATION  CORP.— 
A  plasma-pinch  engine  with  a  thrust 
around  0.01  lbs.  and  an  Isp  between 
1000  and  7000  sec.  is  being  developed 
under  Air  Force  funding.  The  device 
consists  of  a  nonconducting  cylinder 
filled  with  gas.  Each  end  houses  a  disc 
electrode.  A  potential  across  these  elec- 

trodes generates  a  current  sheath 
through  the  gas  adjacent  to  the  cylin- 

der walls. 
The  magnetic  field  created  by  the 

current  flow  forces  the  sheath  radially 
inward,  compressing  and  heating  the 
fluid.  This  pinching  effect  produces 
thrust  when  directed  through  a  nozzle 
in  the  cylinder. 

ROCKET  RESEARCH  CORP.— 
Three  areas  are  being  pursued  with 
company  funding.  One  program  is  in 
a  low-power  arc  jet  for  satellite  attitude 
control.  The  other  two  are  low- 
and  high-pulsed,  confined-parallel-rail 
plasma  accelerators.  The  lower  pulsed 
unit  is  aimed  at  10,000  hours  opera- 

tional life,  10~4  to  10-°  lb.  thrust 
levels,  5000  sec.  Isp  and  efficiencies 
above  50%.  The  second  pulsed  device 
is  being  designed  to  0.2  lb.  thrust  levels, 
similar  Isp  and  operational  life  ranges 
and  an  efficiency  of  70%  or  better. 

The  first  parallel  rail  device  is  for 
attitude  control  and  the  second  is  a 

primary  propulsion  engine.  8 
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Energy  Transfer— A  Standardless  Task 

Megawatt  range  places  new  and  stringent 

demands  on  shaft  horsepower  conversion  technology 
by  N.  W.  Bucci  &  R.  W.  Briggs* 

CONVERTING  shaft  horsepower 
into  electrical  energy  in  a  space  environ- 

ment is  calling  for  exotic  solutions  to 
what  have  been  standard  problems. 

The  electromagnetic  generator  will 
take  on  a  new  shape — operating  at  high 
temperatures  and  speed,  brushless  and 
without  rotating  windings. 

In  a  large  space  vehicle,  electric- 
power  generation  is  the  primary  power 
system.  It  provides  propulsive  power 
together  with  guidance,  communica- 
cations  and  utility  systems  power. 

These  requirements  will  probably 
fall  in  the  1-2  megawatt  range  and  may 
rise  as  high  as  10  megawatts.  The 
extreme  weight  limitations  make  the 
design  and  selection  of  the  electrical 
generator,  its  associated  controls  and 
conversion  equipment  a  major  under- 

taking. Some  of  the  broad  design  pre- 
requisites and  suggested  approaches 

are  described  in  the  following  sections. 
•  Generator  considerations — Since 

the  power  losses  within  the  generator 
must  be  removed  from  the  system  by 
radiation,  the  system  designer  clearly 
desires  a  maximum  generator  operating 

*  N.  W.  Bucci  is  Manager  of  the 
Systems  and  Analytical  Section  of  West- 
inghouse  Aero-Space  Dept.  R.  W. 
Briggs  is  Systems  Engineer  in  the  same 
section. 

temperature.  The  need  for  this  can  be 
illustrated  by  the  Stefan-Boltzman  radi- 

ation equation,  which  shows  the  thermal 
energy  dissipated  per  unit  area  propor- 

tional to  the  fourth  power  of  the  abso- 
lute radiating  temperature.  Since  the 

heat  rejection  area,  and  hence  the 
radiator  weight,  decreases  with  oper- 

ating temperature,  a  minimum  weight 
power  system  is  approached  when  the 
generator  operating  temperature  is  max- 
imized. 

An  additional  gain  is  realized  in 
that  reduction  in  heat  rejection  area 
also  cuts  the  radiator  meteoroid  pro- 

tection weight. 
Increased  generator  operating  tem- 

peratures lead  to: 
—Decreases  in  heat  rejection  radi- 

ator size  and  weight. 
—A  rise  in  electrical  resistivity, 

causing  a  reduction  in  generator  effi- ciency. 

—Reductions  in  allowable  rotor 
diameters  resulting  from  reduced  me- 

chanical strength  of  rotor  magnetic  ma- 
terials. The  increased  length-to-diam- 

eter ratio  increases  generator  weight. 
—Decreases  in  permeability  of  mag- 

netic materials,  resulting  in  increased 
generator  weight. 

—Increased  magnetic  material  re- 
sistivity, resulting  in  reduced  core  loss 

and  increased  generator  efficiency. 

A  second  consideration  is  the  gen- 
erator operating  speed.  Minimum- 

weight  rotating  equipment,  turbine  and 
generator,  generally  results  at  maxi- 

mum operating  speeds.  But  rotational 
speed  alone  is  not  the  only  significant 
factor.  The  developed  shaft  power,  or 
conversion  efficiency,  must  also  be 
taken  into  account  in  attempting  to 
minimize  the  complete  system  weight. 

Numerous  studies  have  pointed  out 
the  need  for  evaluating  the  total  power 
system  performance  as  a  result  of  vari- 

ation in  the  major  electrical  system 
parameters  such  as  speed,  operating 
temperatures,  and  input  power.  For 
example,  a  minimum  weight  a-c  genera- 

tor will  not,  in  many  cases,  result  in 
a  minimum  weight  conversion  system — 
especially  when  turbine  weight,  genera- 

tor heat-rejection  radiator  weight, 
thermodynamic  cycle  condensing  radia- 

tor weight  and  nuclear  energy  source 
weight  are  combined  with  the  generator 
weight. 

•  Design  selection — The  selection 
of  the  type  of  electro-magnetic  genera- 

tor is  limited  by  virtue  of  the  applica- 
tion requirements.  The  high  operating 

speeds  and  temperature  desired  demand 
that  the  generator  be  brushless  and 
contain  no  rotating  windings.  The 
elimination  of  brushes,  commutators, 
and  slip  rings  has  been  mandatory  on 
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high-performance  aircraft,  especially  for 
high-altitude  operation. 

This  requirement  for  brushless  op- 
eration is  more  pronounced  in  space 

applications — where  pressures  of  10-4 
to  10_e  mm  Hg.  will  be  encountered. 
Rotating  windings  have  serious  prob- 

lems of  high  stress  on  conductors  and 
insulation.  Conductor  creep  results  in 
large  unbalanced  forces  landing  to 
severe  bearing  loads. 

Considerable  design  analysis  of 
brushless,  non-rotating  winding-type 
generators  have  been  completed,  in- 

cluding the  inductor,  inductor-Lundell- 
inductor,  Bekey-Robinson,  and  perma- 

nent magnet  generators. 
A-C  generator  weights  in  the  range 

of  0.5  to  0.9  lbs/kv-amp  are  obtainable 
for  space-power  generators.  This  range 
of  weight-to-rating  ratio  has  grown  out 
of  numerous  system  design  studies  con- 

ducted by  the  Westinghouse  Aero-Space 
Department. 

o  Problem  areas — The  main  oper- 
ational limitation  of  the  inductor  gen- 

erator is  the  mechanical  strength  of  the 
rotor  magnetic  material  at  the  maxi- 

mum desired  speeds  and  temperature. 
As  a  general  rule  the  electromagnetic 
weight  of  an  a-c  generator  decreases 
with  increase  in  speed  until  such  factors 
as  limited  rotor  diameters  or  poor  arm- 

ature slot  combinations  cause  the  weight 
to  increase. 

The  Curie  point  of  the  magnetic 
materials,  in  addition  to  mechanical 
stresses,  limits  the  maximum  operating 
temperatures.  The  Curie  point  of  cobalt 
irons,  such  as  Westinghouse  Hiperco 
27,  is  in  the  range  of  1700°F,  and  in  the 
high-strength  carbon  steels,  such  as  SAE 
4340,  is  1300°F.  Thus  the  generator 
operating  temperatures  will  be  under 
the  value  for  the  steel  used. 

An  alkali  metal  system-working  fluid 
introduces  a  generator  electrical  insula- 

tion problem.  Because  of  imperfect 
rotating  seals,  the  interior  of  the  a-c 
generator  is  exposed  to  metallic  vapors. 
The  insulation  must  either  withstand 
the  high-temperature  environment  and 
corrosive  effects  of  the  vapor,  or  be 
enclosed  within  a  sealed  arrangement 
such  as  a  ceramic  container. 

The  eddy  currents  (and  hence 
power  losses)  within  the  generator  air- 
gap  region  must  be  held  to  a  minimum. 
Normally  a  vapor  has  a  relatively  low 
electrical  conductivity  unless  the  vapor 
is  ionized  by  extremely  high  tempera- 

ture or  radiation.  Once  ionized,  the 
vapor  has  an  electrical  conductivity 
that  exceeds  copper.  Therefore,  once 
the  generator  air-gap  vapor  ionizes,  the 
induced  losses  increase  significantly. 
This  is  readily  concluded  from  previous 
rotating  machinery  evaluation. 

The  vapor  ionization  is  affected  by 
the  particle  bombardment  resulting 
from  radiation  exposure.    System  de- 
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sign  principles  must  prevent  ionization 
from  occurring  with  the  generator. 

•  Generator  excitation  &  control — 
The  generator  excitation  system  can  be 
selected  by  considering  the  a-c  genera- 

tor and  its  method  of  excitation.  The 
criteria  for  selecting  an  excitation  sys- 

tem include: 
—  Minimum  generator  and  excita- 
tion system  weight. 

—  No  equipment  for  generator  over- 
loads or  faults. 

—  Minimum  excitation  system  power 
loss. 

—Solid-state  rectifiers  external  to  the 
a-c  generator. 

—Generator  voltage  control  over 
the  power  factor  and  load  range. 

Generator  excitation  systems  can  be 
classified  in  two  categories — static  and 
rotary.  Detailed  studies  and  analyses 
have  shown  that  the  static  exciter  is 
more  suitable  for  use  with  the  inductor 
generator.  The  excitation  power  for  an 
a-c  generator,  such  as  outlined  above, 
is  in  the  range  of  0.5-1.0%  of  the  gen- erator rating. 

With  use  of  high-power  semicon- 
ductors, a  static  excitation  system  can 

yield  a  minimum  weight  power  system. Rotary 
Static 

Exciter Excitci 
Weight  (lbs.) 
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12 
Losses  (watts) 1300 700 
High-Temperature Losses 

1100° 

500° 

Low-Temperature 
Losses 

200° 200° 

The  high-temperature  losses  are 
within  the  a-c  generator  and  would  be 
rejected  at  temperatures  corresponding 
to  the  generator  coolant  temperatures. 
The  low-temperature  losses  are  those 
resulting  from  solid-state  devices  and 
would  be  rejected  at  the  temperatures 
corresponding  to  the  limitation  of  semi- 

conductors, for  example  200°F. 
Static  excitation  systems  must  sup- 
ply generator  field  power  in  the  order 

of  0.5-1.0%  of  the  generator  rating. 
For  a  1 -megawatt  generator  the  excita- 

tion power  is  appoximately  10  kw.  This 
represents  a  sizable  amount  of  power 
to  be  handled  by  solid-state  control devices. 

Another  area  of  consideration  is  the 
method  and  temperature  of  heat  rejec- 

tion. Semiconductors,  as  used  in  the 
static  exciter,  will  not  be  capable  of 
operating   at   generator  temperatures. 

At  temperatures  suitable  for  silicon 
rectifiers  the  heat  rejection  area  and 
weight  become  large  for  any  large 
amounts  of  power.  Thus  it  is  necessary 
to  either  minimize  the  power  losses  or 
develop  high-temperature  semiconduc- 

tors for  use  in  these  applications. 
Finally,  the  long-term  damage  and 

degradation  of  these  components  when 
exposed  to  radiation  environments  must 
be  considered  in  designing  solid-state 

control  apparatus. 
•  Power  utilization — The  bulk  of 

the  power  may  be  used  by  electric  pro- 
pulsion engines  which  require  direct 

voltage  levels  in  the  range  of  5000 
to  50,000  volts  or  possible  higher.  The 
a-c  generator  output  power  must  be 
rectified.  Since  there  is  a  limit  to  the 
maximum  alternating  voltage  that  can 
be  generated  at  the  operating  condi- 

tions being  considered,  step-up  trans- 
formers and  rectifiers  must  be  em- 

ployed. The  combined  generator  and  trans- 
former weight  must  be  analyzed  to  de- 

termine possible  trade-offs,  to  provide 
minimum  system  weight. 

Undoubtedly,  small  amounts  of 
power — 10-20%  of  the  generated  power 
— will  be  required  by  guidance,  com- 

munications, and  utility  loads.  Since 
these  loads  are  smaller  than  the  pro- 

pulsion engines,  they  should  receive 
only  secondary  considerations  in  select- 

ing the  system  operating  parameters. 
It  may  be  necessary  to  incorporate 

static  conversion  units  to  supply  the 
secondary  loads. 

The  major  problem  associated  with 
the  power  conversion  and  utilization 
equipment  will  be  the  operating  tem- 

peratures and  methods  of  heat  removal. 
Of  equal  importance  will  be  solid-state 
devices  with  power  ratings  suitable  for 
these  applications.  Much  development 
is  required  in  the  area  of  high-tempera- ture semiconductors  if  static  control 
and  conversion  devices  in  the  range  of 
hundreds  of  kilowatts  are  to  be  realized. 

The  final  major  component  is  the 
power  transmission  line.  The  conduc- 

tors for  carrying  megawatts  of  electric 
power  are  considerable  in  size,  espe- 

cially for  transmission  distances  in  the 
order  of  50-100  ft.  The  conductor 
spacing  and  operating  frequency  deter- 

mine the  system  impedance. 

Electric  propulsion  engines  now  be- 
ing considered  require  d-c  power;  there- 

fore, the  generated  frequency  should  be 
selected  as  the  value  resulting  in  mini- 

mum weight  when  considering  genera- 
tors, transformers,  transmission  lines, 

rectifiers  and  power  system  control.  The 
increased  frequency,  while  tending  to 
reduce  electromagnetic  weights,  in- 

creases the  transmission  line  imped- 
ances. These  impedances  affect  the  gen- 
erator size  and  the  quality  of  power 

supplied  by  the  electrical  system.  Op- 
erating temperatures  and  methods  of 

removing  the  conductor  losses  must  also 
be  analyzed. 

The  problem  areas  associated  with 
transmission  lines  do  not  appear  to  be 
as  serious  as  those  related  to  a-c  gen- 

erators and  control  apparatus.  How- 
ever, such  questions  as  insulation, 

conductor  flexibility,  operating  tempera- 
tures, power  loss  removal,  and  electrical 

performance  must  be  considered.  S 
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SPECIAL  REPORT 

ELECTRICAL  PROPULSION 

First  Systems  May  Use  SNAP  2 

SNAP  2,  designed  to  continuously 
supply  3  KW  for  at  least  a  year  in  space, 
is  likely  to  be  the  first  flying  power 
source  for  electrical  engines.  The  1  -KW 
arc -jet  device  is  specifically  tailored  to 
such  a  power  source. 

A  prototype  of  SNAP  2's  reactor, called  the  SNAP  Experimental  Reactor 
(SER),  was  built  by  Atomics  Interna- 

tional Div.,  North  American  Aviation, 
and  put  into  full-power  operation  in 
November,  1959.  This  effort  set  the 

stage  for  the  start  of  last  year's  tests intended  to  couple  the  reactor  heat  to 
the  power-conversion  system. 

Design  and  fabrication  of  SNAP-2 
flight  hardware  is  expected  to  take 
place  during  the  current  fiscal  year. 
This  will  lead  to  a  flight-test  version 
which  will  be  launched  with  the  aid  of 
the  Air  Force  under  the  SNAPSHOT 
program. 

Its  energy  source  is  a  nuclear  re- 
actor, its  converter  a  turbine-alternator, 

and  the  system  operates  in  a  Rankine 
cycle — the  same  as  that  of  a  steam- 
powered  electric-generating  plant  on 
earth. 

SNAP  2's  design  objectives  are  given 
by  Atomics  International  as  follows: 

— Three-kw  net  electrical  output. 
—One-year  automatic  unattended 

operation  in  the  space  environment. 
—System  unshielded  weight  of  750 

lbs. 

—Automatic  startup  in  space  on 
ground  command. 

—A  radioactive  heat  rejection  area 
of  110  ft. 

—Ability  to  withstand  the  launch 
environment  of  acceleration,  vibration 
and  shock. 

—Thermal  and  mechanical  compat- 
ibility with  potential  space  vehicles  and 

payload  systems. 
—Safe  ground-handling  and  launch- 
ing and  a  minimum  radiation  hazard  to 

launch  personnel  and  facilities. 
•  How  it  works — SNAP  2's  nuclear 

reactor  produces  heat  by  the  fissioning 
of  U-235.  A  liquid  metal  (NaK)  passes 
through  the  reactor's  core,  picks  up 
about  50  kilowatts  of  thermal  power, 
and  flows  out  into  a  boiler  superheater. 

At  the  superheater,  the  NaK  gives 
I  up  some  of  its  energy  to  mercury, 
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which  is  the  system's  working  fluid, 
and  converts  it  into  a  gas.  At  the  same 
time,  NaK  is  pumped  out  of  the  super- 

heater and  back  into  the  reactor  for 
another  cycle  go-around. 

The  superheater  is  a  concentric 
tube,  counterflow,  once-through  boiler. 
NaK  flows  in  the  annulus  and  mercury 
through  the  central  tube. 

After  leaving  the  superheater,  the 
mercury  is  expanded  through  a  two- 
stage  impulse  turbine.  In  turn,  the  tur- 

bine drives  an  alternator,  which  is  a 
permanent-magnet  machine  with  a 
sealed  stator.  The  alternator  delivers 
up  to  3.5  kilowatts  at  110  volts  and 

2000  cps. 
Meanwhile,  the 

mercury  vapor 

passes  to  a  con- denser-radiator, 
which  would  prob- 

ably form  part  of 

a  spacecraft's  outer skin.  Here  the  va- 
por is  condensed within  a  number  of 

small-diameter  par- 
allel tubes  which 

are  in  effect  the 
skin's  skeleton. 

All  rotating  com- 
ponents in  the 

power-conversion  system  are  mounted 
on  a  common  shaft,  called  the  Com- 

bined Rotating  Unit  (CRU).  This,  the 
only  moving  part  in  the  SNAP-2  sys- 

tem, is  being  developed  by  Thompson 
Ramo  Wooldridge,  Inc.,  under  subcon- 

tract to  Atomics  International. 
Rotating  at  40,000  rpm,  the  shaft 

rides  on  mercury  dynamic  bearings. 
The  entire  rotating  unit  is  enclosed  in 
a  hermetically  sealed  housing,  thereby 
preventing  loss  of  the  mercury  working 

fluid  during  the  system's  life. The  SNAPSHOT  flight  tests  wiU 
end  SNAP  2's  basic  development  pro- 

gram, tt 
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SPECIAL  REPORT 

ELECTRICAL  PROPULSION 

Rails  Proposed  for  Attitude  Control 

Experiments  indicate  pulsed 

plasma  parallel-rail  units 

may  have  higher  efficiency 

and  specific  impulse 

by  Michel  E.  Maes 
Research  Engineer 

Rocket  Research  Corp. 

THE  PULSED  PLASMA  acceler- 
ator— with  experimental  efficiencies  in 

the  50%  range  and  higher — may  prove 
to  be  another  contender  for  flying  elec- 

trical engines. 
In  its  simplest  configuration,  the 

accelerator  consists  of  two  parallel  rails 
connected  to  either  side  of  a  capacitor. 
When  the  capacitor  is  charged  one  rail 
is  at  a  high  voltage  with  respect  to  the 
other,  but  no  breakdown  occurs  when 
these  rails  are  in  a  vacuum. 

If  a  small  amount  of  gas  is  ad- 
mitted between  the  rails,  it  breaks  down 

under  the  high  voltage,  permitting  the 
energy  stored  in  the  capacitor  to  dis- 

charge across  the  rails. 
When  this  happens,  very  high  cur- 

rents are  built  up,  and  the  current  con- 
figuration in  the  rails  is  such  that  a 

reinforced  magnetic  field  is  created  be- 
tween the  rails  and  behind  the  plasma. 

Since  the  magnetic  field  direction  is 
perpendicular  to  the  current  direction 
in  the  plasma  column,  an  accelerating 

force  is  generated  which  pushes  the 
plasma  down  the  rails.  In  the  same 
manner,  this  magnetic  field  acts  with  the 
current  in  the  back  portion  of  the  ac- 

celerator to  produce  a  thrust  on  the 
accelerator. 

The  system  produces  thrust  directly 
from  electrical  energy,  using  electro- 

magnetic forces  and  a  neutral  plasma. 
•  Mission  studies  —  The  earliest 

space  tasks  best  handled  by  a  plasma 
accelerator  probably  will  be  satellite 
control  missions.  In  view  of  this, 
Rocket  Research  analyzed  thrust  re- 

quirements for  various  satellite  missions. 
Perhaps  the  most  concrete  result  of 

this  analysis  was  that  each  specific  mis- 
sion requires  a  unique  thrust  level  and 

operating  mode.  Certain  general  re- 
sults, neverthless,  can  be  applied  to 

most  satellite  reaction  control  systems. 
First,  there  are  undesirable  per- 

turbations which,  depending  on  the 
mission,  will  have  to  be  overcome. 
Typical  torques  associated  with  these 
perturbations  appear  in  Table  I. 

In  addition  to  counteracting  these, 
the  attitude  of  a  satellite  must  be  ad- 

justed or  its  orbit  changed.  Among  the 
cases  which  RRC  analyzed  are  the  fol- 

lowing: (1)  A  satellite  looking  at  a 
point  on  the  surface  of  the  earth  from 
a  circular  orbit,  (2)  a  satellite  looking 
at  the  center  of  the  earth  from  an  ec- 

centric orbit,  and  (3)  removing  the  ec- 
centricity of  an  elliptic  orbit.  The 

thrust  required  to  accomplish  the  above 
missions  appear  in  Table  II. 

The  minimum  practical  size  of  a 
chemical  rocket  is  on  the  order  of  1  x 
10-2  lbs.  thrust,  because  of  injector 
size  and  operating  efficiency  problems. 
The  firing  duration  is  controlled  by  the 
opening  and  closing  of  the  propellant 
valves;  it  is  difficult  to  control  the  single- 
pulse  impulse  accurately  for  periods  less 
than  about  20  to  30  milliseconds. 

Thus,  for  thrust  levels  below  10-4 lbs.  it  is  advantageous  to  employ  electric 

propulsion  systems  capable  of  produc- 
ing thrusts  of  10_G  lbs.  or  lower. 
•  System  weight — Many  of  the  new 

satellites,  particularly  reconnaissance 
and  communication  types,  will  have 
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very  long  useful  lives  and  require  con- 
tinuous orientation  control  for  the  full 

duration.  A  chemical  rocket  control 
system  will  consume  much  more  propel- 
lant  on  such  a  mission  than  will  an 
electric  system,  although  the  electric 
system  will  have  a  considerably  greater 
inert  parts  weight. 

Pulsed  Plasma Accelerator Chemical 
UNIT  WEIGHT  (DRY) 6.5 lbs. 2 lbs. 
SPECIFIC  IMPULSE 5000 sec. 300 sec. TOTAL  PROPELLANT 

.6 
lbs. 70 lbs. CONSUMED 

TOTAL  WEIGHT 7.1 lbs. 12 lbs. 

The  weight  of  the  electric  power 
supply  was  eliminated  because  in  cer- 

tain missions  the  nominal  power  re- 
quired can  be  drawn  from  a  power  sup- 

ply already  on  board.  In  some  cases 
vehicle  power  is  required  for  certain 
peak  loads  but  would  otherwise  be  avail- 

able for  attitude  control.  If  this  is  not 
the  case  and  power  supply  weight  must 
be  included,  the  pulsed  plasma  acceler- 

ator unit  weight  is  raised  to  33  lbs. 
(including  a  high-efficiency  charger). 
Total  operating-time  crossover  point  as 
regards  weight  would  then  be  about 
three  years. 

The  preceding  analysis  shows  that 
in  certain  cases — low  thrust  level  or 
long  operating  times — the  electric  con- 

trol system  is  more  efficient  than  the 
chemical  system.  The  only  remaining 
question:  Why  the  pulsed  plasma  ac- 

celerator instead  of  the  ion  rocket  or 
the  arc  jet? 

The  attitude-control  thrust  require- 
ment of  most  satellites  varies  consider- 

ably with  time,  and  it  has  been  found 
that  a  pulsed,  limit-cycle  control  mode 
is  an  efficient  technique  for  dealing  with 
this  variation.  The  ion  rocket  and  arc 
jet  are  continuous-thrust  devices;  their 
thrust  level  can  be  changed  only  by 
simultaneously  changing  the  power  and 
propellant  supplied  or  by  pulsing  them. 
Pulsing  implies  accurate  metering  of 
propellant  by  valve  opening  and  clos- 

ing, which  is  difficult,  and  there  are 
possible  problems  in  starting  the  arc 
jet  and  ion  rocket  repetitively. 

The  pulsed  plasma  accelerator  is  by 
its  very  nature  a  pulsed  device.  Thrust 
level  can  be  changed  over  a  very  wide 
range  by  merely  changing  the  pulsing 
rate.  The  propellant  is  admitted  in 
gaseous  form  by  a  trapped  volume  tech- 

nique which  insures  accurate  metering 
without  concern  for  valve  open  time. 

•  Early  work — Experiments  were 
initiated  at  the  Boeing  Airplane  Co.'s 
Advanced  Propulsion  Laboratory  by  the 
author  early  in  1960.  The  parallel  rail 
configuration  was  chosen  for  simplicity. 
The  experimental  program  was  pri- 

marily an  examination  of  possible  ac- 
celerator efficiency,  thrust  level,  and 

operating  life  time.  Efficiency  results 
later  obtained  with  this  unit  indicated 
it  might  well  be  the  optimum  config- 
uration. 

TABLE  1 

Source  of  Torque 
Appro*.  Torques  on 

Typical  Satellite Vehicle,  Ft.-lbs. Remarks 

GRAVITATIONAL  GRADIENT 70-3  —  70-6 Maximum  value  for  dumbbell 
configuration 

EARTH'S  MAGNETIC  FIELD 
70-5  —  70-" 

A  function  of  internal  cur- 
rents, materials,  and  size. 

SOLAR  RADIATION  PRESSURE 70-6  _  70-S Maximum  value  for  1 0-ft.~diam., half  reflecting  sphere. 

INTERNAL  TORQUES 
7.4       X  10-6 

1  0  gm.  mass  at  a  radius  of  J  cm. accelerated  at  a  rate  of 

1  0  rad/sec~. 
AERODYNAMIC  FORCES 

3        X  10-6 
In  300-n.m.  orbit,  TO-sq.-ft.  area with  movement  arm  of  10  ft. 

In  the  first  experiment,  the  plasma 
was  formed  by  exploding  a  fine  copper 
wire  which  had  been  placed  between 
the  two  parallel  electrodes.  In  later 
experiments  the  plasma  was  formed  by 
injecting  a  gas  in  between  the  electrodes. 
All  the  experiments  were  carried  out  in 
the  vacuum  of  10~4  mm  Hg  or  less. 

Three  interesting  conclusions  were 
derived  from  these  efficiency  results. 
The  first  result  shows  it  is  possible  to 
obtain  reasonable  efficiency  from  a  con- 

fined parallel-rail-configuration  pulsed 
plasma  accelerator.  The  50%  to  60% 
efficiency  at  5000  to  10,000  sec.  Isr 
was  achieved  with  an  accelerator  and 
circuit  which  were  not  optimized,  and 
it  is  anticipated  that  the  efficiency  can 
be  further  increased  to  the  desired  level 
of  70% -80%. 

Secondly,  the  results  tend  to  follow 
a  theoretical  efficiency  curve.  The  only 
exception  is  the  last  or  highest  specific 
impulse  point  on  the  gas-derived  plasma 
operation  curve.  This  point  fell  well 
below  the  theoretical  curve  because  not 
all  of  the  available  energy  was  con- 

verted into  directed  kinetic  energy  of 
the  exhaust — the  accelerator  was  too 
short  and  the  plasma  left  the  electrodes 
prematurely. 

Finally,  the  gas-derived  operation  is 
better  than  wire-derived  operation.  This 
is  somewhat  heartening:  the  gas-de- 

rived operation  is  thought  to  be  more 
practical  because  of  certain  mechanical 
problems  in  feeding  a  wire  plasma 
source  between  the  electrodes  rapidly 

and  reliably. 

The  higher  efficiency  of  the  gas- 
derived  operation  might  possibly  be  at- 

tributed to  the  fact  that  with  a  wire- 
derived  plasma  accelerator,  an  outside 
circuit  switch  is  necessary  to  prevent 
the  capacitor  from  discharging  until  the 
wire  is  in  place.  This  unit  is  an  element 
of  relatively  high  resistance  in  compari- 

son to  the  rest  of  the  circuit.  In  the 
gas-derived  operation  the  admission  of 
gas  between  the  electrodes  acts  as  a  cir- 

cuit switch,  making  it  possible  to  do 
away  with  the  outside  circuit  switch. 

The  efficiency  results  were  consid- 
erably higher  than  those  obtained  in 

most  previous  experimental  investiga- 
tion of  various  pulsed  plasma  acceler- 
ator configurations.  It  is  felt  that  there 

are  three  principal  reasons  for  this 
improvement: 

—  In  previous  experiments  the  effi- 
ciency was  calculated  from  a  momen- 

tum measured  by  the  impact  between  a 
plasma  blob  after  it  had  left  the  ac- 

celerator, and  a  ballistic  pendulum. 
That  an  error  arose  due  to  part  of  the 
plasma  missing  the  pendulum  is  indi- 

cated by  the  reported  critical  positioning 
of  the  pendulum.  The  50% -60%  effi- 

ciency achieved  was  obtained  by  meas- 
uring the  momentum  on  a  spring- 

mounted  accelerator  where  the  impulse 
actually  occurs.  Furthermore,  this  data 
was  independently  checked  within  5% 
with  momentum  calculated  from  a 
measured  instantaneous  current. 

—The  gas-derived  plasma  accelera- 

T ABLE  II 

Mission Trajectory Vehicle 
Wt.,  lbs. 

Alomenr 
Arm,  Ft. 

Alox.  Req'd 
Thrusf,  lbs. 

7    OBSERVE  FIXED  POINT 
ON  EARTH'S  SURFACE. 

1 00-n.m.  circular 
orbit. 

5000 70 0.08 

2     MAINTAIN  SATELLITE 
AXIS  POINTED  TOWARD 
CENTER  OF  EARTH  FROM 
ECCENTRIC  ORBIT. 

300-n.m.  perigee 
eccentricity  =  0.2 

7000 5 

5  X  70-6 
3    REMOVE  ECCENTRICITY 

OF  ORBIT. 
300-n.m.  orbit, 
initial  eccen- 

tricity =0.2 
500 

50 
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EXPERIMENTAL  RESULTS  compare  the  performance  of  the  gas  and  wire-derived 
plasma  masses  and  performance  of  the  parallel-rail  accelerator. 

tor  which  obtained  50% -60%  efficiency 
used  no  outside  arc  switch  to  initiate 
firing,  whereas  previous  experimental 
work  involved  such  a  unit. 

—The  confined  parallel  rail  con- 
figuration itself  is  a  contributing  factor. 

It  was  found  very  early  in  this  study 
that  efficient  operation  meant  construct- 

ing the  accelerator  with  glass  plates 
above  and  below  the  parallel  electrodes. 
The  resulting  small  confined  volume  be- 

tween the  electrodes  prevented  loss  of 
the  admitted  propellant  and  escape  of 
plasma  during  acceleration.  The  pre- 

vention of  mass  loss  is  very  important 
since  the  reduced  accelerated  mass 
yields  a  reduced  momentum  which  re- 

sults in  a  reduced  efficiency  when  re- 
lated to  the  admitted  propellant  mass. 

Confining  the  mass  between  the  elec- 
trodes is  believed  to  be  the  major  fac- 

tor in  the  success  of  this  configuration. 
Furthermore,  the  small  cross-sec- 

tional area  has  advantages  over  other 
configurations  with  larger  cross-sec- 

tional areas  between  the  electrodes. 
Brief  experiments  with  large-area  con- 

figurations have  shown  that  the  current 
between  the  electrodes  tends  to  bunch 
up  into  one  or  two  concentrated  areas, 
rather  than  remaining  diffuse  and  filling 
the  entire  space;  as  a  result,  part  of  the 
admitted  mass  is  not  accelerated.  But 
the  concentrated  arc  that  occurs  in  the 
confined  parallel  rail  accelerator  can 
easily  fill  the  small  area  between  the 
electrodes,  permitting  better  mass  ac- 

celeration and  higher  efficiency. 
•  Trouble  spots — Because  the  elec- 

trical propulsion  system  is  a  low-thrust 
system  device,  it  must  operate  continu- 

ously for  very  long  periods  of  time. 

These  operating  times  are  generally  of 
the  order  of  a  year  or  more;  any  prac- 

tical system  must  be  capable  of  con- 
tinuous operation  without  a  single 

breakdown  or  decrease  in  performance. 
In  the  pulsed  plasma  accelerator  two 

possible  sources  of  trouble  are  the  ac- 
celerator electrodes  and  the  energy 

storage  capacitor.  At  present,  the  com- 
mercially available  energy  storage  ca- 

pacitors used  in  RF  and  radar  pulse- 
forming  networks  are  rated  at  pulsing 
rates  of  1000  to  2000  pulses/sec.  for 
10,000  hours  or  more.  Obviously,  the 
energy  storage  capacitor  will  not  be  of 
major  concern. 

The  electrode  life  problem  was  ex- 
perimentally evaluated.  The  initial  at- 

tack on  the  problem  was  made  with  an 
accelerator  utilizing  a  0.1  microfarad 
capacitor  of  the  ordinary  industrial  type 
(since  the  special  rapid-pulsing  capaci- 

tors were  not  readily  available).  Two 
tungsten  electrodes  were  attached  di- 

rectly to  the  terminal  posts  of  this  ca- 
pacitor and  covered  with  a  lava  insula- 

lator  block.  The  capacitor  was  then 
charged  continuously  by  a  rectified  half- 
wave,  high-voltage  power  supply.  The 
natural  pulsing  frequency  was  500 
pulses/sec.  and  the  accelerator  was  op- 

erated for  10  minutes  in  this  manner. 
After  the  test  an  examination  of 

the  electrodes  and  the  insulation  ma- 
terial showed  no  apparent  erosion. 

The  entire  experimental  program 
led  to  these  conclusions. 

—  It  is  possible  to  attain  efficiencies 
of  at  least  50%  to  60%  with  a  con- 

fined parallel-rail  accelerator  which  uses 
a  gas  as  the  plasma  source  and  the 
circuit  switch. 

—A  confined  parallel-rail  pulsed- 
plasma  accelerator  can  be  pulsed  as 
rapidly  as  1000  times  per  second  by 
charging  the  capacitor  and  admitting 
gaseous  propellant. 

—Electrode  life  is  not  a  major  prob- 
lem, since  the  accelerator  electrodes 

show  no  erosion  even  at  pulsing  rates 
of  500  pulses  per  second. 

—The  excellent  results  achieved 
with  the  confined  parallel-rail  accelera- 

tion indicate  it  can  be  developed  into  a 
practical  propulsion  system. 

Further  experimentation  is  required 
in  the  areas  of  optimization  of  the  con- 

fined parallel  rail  configuration,  com- 
ponent development,  and — finally — in- 

tegration of  the  accelerator  and  the 
components  into  a  working  package. 
The  acceleration  experimental  work  will 
consist  of  examining  initial  capacitor 
voltages  and  the  electrode  length,  size 
and  spacing. 

The  critical  components  to  be  de- 
veloped include  propellant  admission 

valves,  materials,  rapid  pulsing  capaci- 
tors and  capacitor  chargers.  8 
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Technical  Countdown 

ELECTRONICS 

Super-Powered  Laser  Developed 

Army  scientists  at  Fort  Monmouth  report  development 
of  a  3-megawatt  peak-output-power  laser.  This,  they  say,  is 
300  times  more  powerful  than  any  other  laboratory  laser 
now  in  existence.  Instead  of  employing  the  more  conven- 

tional Fabry-Perot  interferometer  for  optical  pumping,  the 
Signal  Laboratory  uses  a  reflecting  prism  and  a  laminated 
rotating  mirror.  The  mirror  limits  pulse  peak  power  to 
less  than  one  nanosecond. 

Better  IR  Horizon  Scanners  Sought 

A  new  conception  of  an  infrared  horizon  scanner  for 
orienting  space  vehicles  has  been  proven  feasible,  at  least 
on  paper,  by  scientists  at  NASA's  Langley  Research  Center. 
The  approach  has  been  investigated  in  an  attempt  to  find  a 
system  offering  as  many  attributes  as  possible  for  size, 
weight,  accuracy,  etc.  The  result  is  a  1.8-lb.  3-watt  sensor 
accurate  to  0.25°  (earth  scan).  The  rotating,  4-germanium- 
lens  system  is  expected  to  operate  at  all  altitudes,  indicate 
vehicle  attitude,  operate  continuously  for  long  periods  of 
time,  and  reject  false  signals  from  the  sun.  First  prototypes 
are  now  under  construction  at  the  Center. 

Tube  Sales  Trail  Industry  Growth 

The  electron  tube  market  will  hit  the  $850-million  mark 
this  year,  predicts  D.  Y.  Smith,  head  of  RCA's  Electron 
Tube  Division.  This  all-time  high  will  result,  he  believes, 
because  of  the  great  expansion  of  the  U.S.  satellite  and 
missile  programs  on  top  of  the  steadily  rising  electronics 
industry.  Tube  sales  for  1961  totaled  $823  million  for  an 
increase  of  6%  over  1960.  (It  should  be  noted,  however, 
that  the  predicted  1962  increase  only  amounts  to  314%, 
while  the  electronics  industry  as  a  whole  is  expected  to 
increase  sales  by  nearly  6'/2%.) 

New  Space-track  Contractor  Selected 

Motorola"s  Western  Military  Electronics  Division  has 
been  selected  to  perform  the  R&D  for  NASA's  Goddard 
Range  and  Range  Rate  Tracking  System.  Conceived  to 
assist  the  space  agency's  expanding  satellite-tracking  require- 

ments, the  initial  program  is  estimated  to  cost  over  $3  mil- 
lion. The  concept  involves  measurements  of  carrier  and 

side-tone  modulation  to  determine  range  and  range  rate  up 
to  cislunar  distances.  Spacecraft  position  in  near-space  will 
be  measured  to  within  a  few  feet,  velocity  within  1  ft. /sec. 
Trailers  will  be  air-transportable  so  that  global  stations  can 
be  moved  readily  to  accommodate  various  satellite  orbits. 

Army  Adding  Zeus  Discrimination  Radar 

A  discrimination  radar  for  the  Nike-Zeus  antimissile  mis- 
sile is  being  installed  at  White  Sands  Missile  Range,  Army 

officials  have  announced.  The  system — designed  by  Sperry 
Rand  Corp. — will  undergo  extensive  development  testing 
to  determine  its  capabilities  to  pin-point  a  ballistic  missile 
warhead  from  a  myriad  of  decoy  devices.  The  system  in- 

corporates information  on  discrimination  techniques  from 
studies  being  conducted  by  Cornell  Aeronatuical  Labs.  The 
Army  says  it  is  well  along  with  a  project  to  install  a  second 
discrimination  radar  at  the  Kwajalein  Island  Test  site. 

Oxygen  Sensor  Developed  for  Space  Vehicles 

Using  the  principles  of  the  hydrogen-oxygen  fuel  cell, 
General  Electric  engineers  have  experimentally  tested  a 
sensor  to  detect  dangerously  high  or  low  levels  of  oxygen  in 
a  space  capsule,  the  Company  announced  recently.  The 
sensor — operating  essentially  as  an  ion-exchange  membrane 
fuel  cell — indicates  the  amount  of  oxygen  present  in  a  space 
capsule  in  terms  of  an  electric  current  which  can  then  be 
read  by  a  milliammeter.  Advantages  of  the  system,  accord- 

ing to  GE,  are  its  simplicity,  small  size,  and  self-powering 
features,  and  the  high-level  output  signal. 

PROPULSION 

Titan  II  Restart  Capability  Tested 

Aerojet  is  understood  to  have  conducted  several  restart 
tests  on  the  second  stage  engine  of  Titan  II.  Runups  of  more 
than  20  seconds  were  made  22  times  on  one  engine  in  a 
5-hour  period — followed  later  by  eight  firings  in  1  hour. 

SUPPORT  EQUIPMENT 

Arnold  Tunnel  Gets  High-Energy  Power 
A  high-energy  power  supply  producing  direct  current 

pulses  of  over  100  million  joules  has  been  installed  at  the 
Air  Force's  Arnold  Engineering  Development  Center.  De- 

signed to  power  the  Center's  new  hypersonic  wind  tunnel 
(when  completed,  it  will  be  the  largest  in  the  country  and 
the  only  one  capable  of  testing  full-scale  nose  cones),  the 
d-c  supply  is  built  up  from  ordinary  power  levels  in  an 
inductive  two-stage  energy  storage  system  and  then  released 
in  0.01  sec.  To  insure  maximum  safety,  the  entire  system — 
designed  and  installed  by  General  Electric  Co. — will  be 
remotely  controlled  through  a  closed-circuit  television 

system. 
Army  Saves  Money  With  Towbee  System 

A  Ryan  Firebee  target  drone  is  being  used  by  the  Army 
to  tow  a  less  expensive  target  during  firing  tests  at  White 
Sands  Missile  Range.  The  "Towbee"  system,  Ryan  Aero- 

nautical Co.  says,  will  permit  considerable  cost  savings  to 
the  Army  by  allowing  it  to  re-use  the  powered  drone  numer- 

ous times  after  its  parachute  recovery. 

Target  Missile  Tests  Successful 

Demonstration  firings  of  the  Navy's  Targeteer  missile  have 
been  successfully  completed,  reports  the  system  developer, 
Aeronca  Manufacturing  Corp.  Designed  to  demonstrate  the 

system's  capabilities  for  shipboard  firings,  the  tests  were 
conducted  at  the  Navy's  White  Sands  Missile  Test  Facility. 
Targeteer  will  be  used  for  evaluation  and  testing  of  the 
Navy's  tactical  missiles  at  altitudes  up  to  60,000  ft. 

Collapsible  Container  Built  for  Nose  Cones 

An  all-purpose,  collapsible  container  for  shipping  and 
handling  satellite  nose  cones  has  been  developed  by  an  engi- 

neer at  Lockheed  Missiles  &  Space  Co.  The  main  advantages 
of  the  container,  according  to  developer  Al  Welch,  are  that 
it  can  be  re-used,  easily  assembled,  molded  to  various  cone 
shapes,  and  will  cut  the  time  required  to  manufacture  ship- 

ping containers.  Lockheed  estimates  that  the  device  will 
reduce  handling  costs  by  approximately  $30,000  a  year. 
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Plan  to  attend  the:  NATIONAL  ROCKET  CLUB'S  5TH  ANNUAL 

DR.  ROBERT  H.  GODDARD 

NATIONAL  SPACE  CONFERENCE 

MARCH  15-16,  1962  •  SHERATON-PARK  HOTEL  •  WASHINGTON,  D.  C. 

MARCH  16  •  GODDARD  MEMORIAL  DINNER 
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space  medicine 

New  Bio-Med  Pack  Adaptable  to  Apollo 

Garrett  system  designed  primarily  for  astronaut 

safety  features  'doctor's  office'  displays  on  ground 

by  Arthur  H.  Collins 

LESS-  THA  N-6-LB.  pack 
temperature  transducers. 

in  advanced  version  of  new  system  includes  arm  band  and 
Standard  EKG  display  unit  at  left  is  for  ground  stations. 

A  LIGHTWEIGHT  bio-medical  in- 
strumentation system  with  simplified 

readout  is  being  developed  by  The  Gar- 
rett Corp.'s  AiResearch  Mfg.  Co.  of 

Los  Angeles. 
The  bio-med  pack,  designed  for  ex- 

tended manned  orbital  flight  applica- 

tions, complements  the  company's  re- cently-awarded responsibility  for  the 
Apollo  life  support  system.  The  bio- 
med  system  in  its  present  form  has  no 
direct  Apollo  application,  but  with 
minor  modifications  could  be  adapted 
to  a  space-vehicle  environment. 

Weighing  less  than  six  lbs.,  the 
transistorized  package  will  provide  all 
of  the  necessary  basic  life-support  data 
outputs  —  electrocardiograph  (EKG), 
blood  pressure,  pulse  rate,  respiration 
rate  and  body  temperature. 

An  outstanding  feature  is  the  sys- 
tem's ability  to  provide  straightforward, 

unsophisticated  signals  through  the 
telemetry  system  to  ground  receiving 
and  readout  stations.  This  provides 
ground  stations  with  direct  readout 
capability  in  normal  clinical  terms.  In 
essence,  a  ground-based  medical  officer 
can  deal  directly  with  values  with  which 
he  is  completely  familiar  and  expe- rienced. 

In  the  new  unit,  for  example,  a 
standard  ""doctor's  office"  EKG  display 
can  be  incorporated.  Temperature  and 
pressure  readings  are  displayed  either 
by  direct-reading  meters  or  strip  re- 
corders. 

Earlier  methods  of  medical  data 
readout  often  left  a  small  area  of  pos- 

sible error  or  misinterpretation,  and 
sometimes  a  time  lag  while  a  computer 
tabulated  the  incoming  data.  The 
AiResearch  approach  enables  medical 
specialists  to  work  %vith  established  med- 

ical standards  and  immediately  evalu- 
ate all  data  received  for  necessary 

action. 

"Our  primary  concern  is  the  safety 
of  the  man  in  space — all  else  is  sec- 

ondary,"' said  Dr.  James  N.  Waggoner, 
Garrett's  director  of  aerospace  medi- 

cine. "The  new  bio-med  unit  has  been 
designed  with  this  in  mind." 
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The  bio-med  pack  is  basically  an 
expansion  of  the  AiResearch  EKG  read- 

out system  that  was  built  for  Lt.  Col. 

John  Glenn's  Mercury  capsule  flight.  In the  Mercury  system,  Glenn  inflates  an 
arm  cuff  for  blood-pressure  checks 
by  squeezing  a  pressure  bulb  four  or 
five  times  prior  to  each  check.  Three 
blood-pressure  checks  are  made  each 
time  the  capsule  passes  over  a  ground 
station.  There  are  six  station  check 
points,  each  positioned  approximately 
one-sixth  of  the  way  around  the  earth. 

In  the  new  bio-med  unit,  blood- 
pressure  checks  will  be  automatic.  The 
cuff  will  be  inflated  from  a  compressed- 
air  bottle  initiated  by  the  timing  system 
and  requiring  no  effort  or  concentra- 

tion by  the  astronaut.  The  compressed- 
air  bottle  contains  a  sufficient  volume 
and  requiring  no  effort  or  concentra- 

tion by  the  astronaut.  The  compressed- 
air  bottle  contains  a  sufficient  volume 
of  air,  at  approximately  1 100  psi,  to 
inflate  the  arm  cuff  over  300  times — 
far  exceeding  mission  requirements. 

The  system  is  programed  to  oper- 
ate automatically  during  the  initial  six 

minutes  after  launch,  starting  at  count- 
down-zero. It  will  then  switch  on  and 

off  at  predetermined  intervals,  to  pro- 
vide data  to  the  six  ground  stations 

monitoring  the  astronaut  as  he  orbits 
the  earth.  To  cover  the  re-entry  period, 
the  unit  is  again  switched  on  for  con- 

tinuous operation  during  the  last  six 
minutes  of  flight.  At  any  time  during 
the  flight  the  astronaut  could  initiate  op- 

eration of  any  check  if  he  feels  the  need 
to  do  so.  By  simply  pushing  a  button 
on  his  control  panel,  he  could  immedi- 

ately transmit  to  the  nearest  ground  sta- 
tion all  current  bio-med  information. 

Functions 

•  Electrocardiograph  —  The  EKG 
section  consists  of  an  inflatable  arm 
band  with  two  built-in  sensors  and  as- 

sociated electronics.  Each  sensor  in- 
cludes a  small  ultrasensitive  microphone 

and  a  pressure  transducer.  The  micro- 
phone, like  all  of  the  other  sensors,  has 

been  specially  designed  by  AiResearch 
for  this  particular  application.  Through 
an  analysis  of  heart  sounds,  an  optimum 
frequency  in  the  low  audio  range  has 
been  selected — to  provide  the  most  ac- 

curate reproduction  of  the  systolic  (the 
pumping  action  of  the  heart)  and  di- 

astolic (the  rest  phase)  heart  actions. 
The  miniature  microphone  is  sharply 
tuned  to  this  frequency. 

•  Blood  pressure  —  Blood-pressure 
data  are  obtained  from  the  small  pres- 

sure transducer  in  the  arm  band.  The 

term  "blood  pressure"  usually  refers  to 
the  systolic  pressure  in  the  brachial 
artery,  due  to  the  heart  contraction, 
while  diastolic  pressure  is  the  pressure 
of  the  blood  in  the  brachial  artery  when 

the  contraction  force  exerted  has 
reached  the  lowest  point.  The  difference 
between  systolic  and  diastolic  pressures 
is  known  as  the  pulse  pressure  and  rep- 

resents the  volume  output  of  the  left 
ventricle.  Normal  blood  pressure  of  an 
adult  male  is  120  systolic — 80  diastolic. 

Deviations  in  the  blood-pressure 
reading  as  received  on  the  ground  have 

a  definite  bearing  on  the  astronaut's safety  and  may  be  interpreted  as  danger 
symptoms.  An  increase  in  the  systolic 
blood  pressure  occurs  as  a  result  of 
exercise,  application  of  cold  to  the  skin, 
or  emotional  excitement.  A  rapid  de- 

cline of  blood  pressure  is  a  sign  of  shock 
or  internal  hemorrhage. 

•  Pulse  rate — The  EKG  section  is 
also  used  to  obtain  pulse  rate  informa- 

tion. By  counting  heart  beats  over  a  set 
time  interval  depending  on  recorder 
speed,  pulse  rate  is  obtained.  Normally, 
pulse  rate  differs  in  individuals;  the 
average  male  adult  rate,  however,  is 
70  beats  per  minute.  Pulse  rate  may 
change  when  there  is  severe  pain  in  any 
part  of  the  body. 

A  marked  increase  in  cabin  tem- 
perature caused  by  re-entry  will  show 

up  as  an  increased  pulse  rate,  usually 
increasing  about  10  beats  per  minute 
for  one  degree  of  elevation  of  tempera- 

ture. The  temperature  and  heart  rate 
rise  and  fall  together. 

•  Respiration  rate — This  measure- 
ment is  obtained  from  a  small  thermister 

placed  in  the  space  helmet  close  to  the 
nasal  or  mouth  passages.  As  the  astro- 

naut exhales,  the  difference  between 
body  temperature  and  ambient  inter- 

nal capsule  temperature  is  recorded  as 
a  resistance  difference.  The  respiration 
rate  thermister  is  the  cylindrical  sensor 
shown  in  the  hand  in  Fig.  1. 

Average  respiration  rate  for  a  healthy 
adult  is  from  14  to  18  per  minute,  with 
a  fairly  uniform  relationship  between 
the  frequency  of  the  pulse  and  the 
respirations  in  the  proportions  of  one 
respiration  to  four  or  five  pulse  beats. 

An  increase  in  cabin  temperature 
will  also  increase  respiration  rate.  The 
effects  of  a  faulty  air-conditioning  unit 
in  the  space  capsule  could  be  shown  on 
on  the  ground  as  increase  in  the  astro- 

naut's respiration  rate,  since  carbonic 
acid  directly  stimulates  the  respiratory 
center.  Certain  changes  in  atmospheric 
pressure  also  increase  respiration  rate — 
possibly  indicating  damage  to  the  space- 

craft caused  by  a  meteoroid  strike. 
•  Body  temperature  —  Measure- 

ment of  body  temperature  is  obtained 
from  small  thermisters  taped  to  the  sur- 

face of  the  skin  of  the  astronaut.  The 
placement  of  the  thermisters  varies  with 
each  astronaut's  specific  desires  of  com- 

fort. A  deep  probe,  specifically  a  rectal 
thermometer,  has  been  used  in  past 
Mercury  shots  and  gives  by  far  the  most 

accurate  results.  The  use  of  rectal  ther- 
mometers, however,  is  for  obvious  rea- 

sons limited  to  short  time  periods  and 
not  appropriate  for  long-term  orbiting. 
Hence,  the  use  of  skin  surfaces  is  pro- 

posed. 

Because  exposure  to  cold  stimulates 
the  body  to  produce  more  heat  for 
protection  from  losses  by  radiation  and 
conduction,  a  loss  in  cabin  heat  will 
show  up  in  this  read-out  area.  A  very 
high  external  temperature  upsets  the 
balance  of  heat  regulation  by  direct 
action  on  the  heat-regulating  center  in 
the  brain,  and  may  produce  an  increase 
in  body  temperature. 

Other  noticeable  changes  that  can 
be  seen  on  the  ground  readout  as  in- 

creases in  body  temperature  are;  ner- 
vous impressions,  hysteria,  and  pro- 

longed or  extreme  pain. 

•  Electronics — The  bio-med  pack's associated  electronics  circuits  have  been 
designed  with  the  utmost  simplicity  in 
mind,  to  enhance  reliability  and  con- 

sequently the  safety  of  the  astronaut. 
The  photo  on  p.  39  shows  an  ad- 

vanced version  of  the  new  system,  in- 
cluding arm  band  and  temperature 

transducers.  The  unit  on  the  left  is  a 
standard  EKG  display  unit  and  would 
normally  be  found  at  the  ground  stations. 

Although  shown  in  p.  portable  chas- 
sis, the  bio-med  unit  can  be  stored  in 

any  available  capsule  space,  with  elec- 
tronic connections  made  through  cables 

to  the  umbilical  cord  on  the  astronaut's 
space  suit. The  pack  uses  24  volts  DC  directly 
from  the  power  supply  of  the  capsule. 
Power  consumption  is  approximately  25 
watts,  23  of  which  is  used  by  the 
motors,  timers  and  relays  of  the  auto- 

matic program  sequencer.  The  motors 
are  used  primarily  to  turn  valves  on 
and  off  to  control  the  inflation  sequence 
of  the  arm  cuff  for  EKG  and  blood- 
pressure  readouts. 

Replaceable  circuit  cards  minimize 
problems  of  maintenance  and  repair, 
and  conventional  transistor  circuits  are 
used  throughout.  The  temperature 
and  pressure  transducers  are  designed 
around  Wheatstone  bridge  principles, 
enabling  the  use  of  simple  output  cir- 

cuit amplifiers.  All  circuits  are  designed 
to  keep  outputs  within  a  IV2  volt  DC 
limit,  so  that  any  standard  telemetry 
system  can  be  used  and  yet  retain  the 
necessary  accuracy. 

Future  advancements  of  the  systems 
may  come  in  the  form  of  a  small  re- 

fined FM  transmitter  taped  to  the  arm 
of  the  astronaut — eliminating  cables 
and  wires  and  permitting  the  astronaut 
complete  mobility  within  the  shirt- 

sleeve environment  of  his  capsule.  The 
FM  receiver  could  be  conveniently  lo- 

cated in  available  space  in  the  capsule, 
and  data  then  telemetered  to  earth.  8 
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advanced  materials 

Aluminized  Mylar  Tops  as  Insulator 

NRC  reports  'crinkling' 
gives  material  best  known 

efficiency  for  cryogenics 

by  James  Trainor 
A  NEW  superinsulating  material — 

reportedly  seven  times  as  efficient  as 
the  next-best  material — has  been  devel- 

oped literally  by  adding  a  new  twist  to 
an  old  idea. 

Aluminized  Mylar,  although  re- 
jected by  many  companies  due  to  its 

poor  performance,  has  the  highest  in- 
sulation efficiency  of  any  known  cyro- 

genic  insulation  material,  according  to 
its  developers,  National  Research  Corp. 
The  secret  of  the  NRC  insulator,  they 
say,  is  the  technique  of  "crinkling"  the 
material  as  well  as  controlling  the  num- 

ber of  layers  per  inch  and  controlling 
the  thickness  of  the  coatings. 

•  Effective  radiation  barrier — Des- 
ignated NRC-2,  the  material  insulates 

by  using  multiple  radiation  barriers  of 
aluminized  Mylar  to  act  as  separate 
heat  shields,  Consisting  of  a  sheet  of 
Mylar  about  .00025  in.  thick  and  of 
an  aluminum  coating  approximately 
.000001  in.  thick,  the  insulator  is  ap- 

plied in  layers,  thus  providing  separate 
individual  heat  barriers. 

Crinkling  or  crumbling  the  material 
reduces  the  area  of  contact  between 
sheets.  This  decreases  the  amount  of 
heat  conduction  from  one  sheet  of 
Mylar  to  another — increasing  the  effi- 

ciency of  the  individual  layers  of  ma- 
terial. 

This  hundred-fold  reduction  in  lat- 
eral heat  conductivity  is  what  makes 

possible  the  high  efficiency  of  the  alumi- 
nized Mylar,  effectively  eliminating  the 

problem  of  interlayer  contacts. 
The  lower  lateral  heat  conductivity 

of  NRC-2  also  minimizes  the  problem 
of  heat  leaking  into  the  insulation  from 
the  edges  of  the  material.  In  addition, 
heat  intake  through  conduction  by  gas 
molecules  between  layers  is  prevented 
by  keeping  the  material  under  high 
vacuum. 
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CHART  illustrates  the  rate  of  boil-off  of 
liquid  hydrogen  due  exclusively  to  loss 
through  the  Mylar  insulation.  Calculations 
do  not  take  into  account  conductive  losses. 

LEFT:  Superinsulating  material  is  shown 
being  subjected  to  laboratory  test  to  deter- 

mine its  exact  efficiency.  Aluminized  Mylar 
is  wrapped  around  a  test  sample  of  liquid 
nitrogen  and  inserted  into  a  cryogenic 
calorimeter  in  which  the  amount  of  vapori- 

zation is  measured  to  determine  material's 
efficiency. 

Unlike  aluminum  foil  insulation  ma- 
terials, the  aluminized  Mylar  need  not 

be  separated  from  an  adjacent  layer  by 
heavy  asbestos  or  fiberglass — thus  a 
significant  weight-saving  can  be  realized. 

Again,  since  the  Mylar  insulator  is 
not  subject  to  thermal  shorts,  there  is 
not  the  danger  of  a  short  occurring 
when  the  aluminum  foil  is  holed  or  al- 

lowed to  come  in  contact  with  another 
insulating  foil.  This  further  reduces  the 
difficulty  and  expense  of  designing  and 
installing  cyrogenic  insulators. 

•  Other  advantages — In  addition  to 
the  weight  savings  obtainable,  the  alu- 

minized Mylar  has  several  other  sig- 
nificant advantages:  extreme  pliability, 

strength  and  resiliency.  These  features 
allow  the  material  to  cover  unusual 
shapes  such  as  spheres,  pipes  and  valves 
without  tearing,  and  to  return  to  its 
regular  configuration  after  the  high  g 
loads  of,  for  example,  a  missile  launch. 

Presently  in  use  as  an  insulator  for 
cryogenic  liquid  fuel  storage  tanks, 
NRC-2  has  proved  it  can  significantly 
reduce  the  boil-off  rate  of  these  ex- 

tremely volatile  liquids. 
It  is  also  likely  to  be  used  as  an 

insulator  for  accelerometers,  floating 

gyroscopes  and  other  devices  which  re- 
quire a  relatively  constant  temperature. 

Patented  by  its  developer,  Dr.  Milo 
R.  Hnilicka  of  NRC's  Research  Divi- 

sion, the  material  is  being  used  by  the 
Standard  Steel  Corp.  and  Hoffman  Lab- 

oratories under  license  for  all  sizes  of 
cryogenic  ground  storage  and  transport 
vessels.  Several  other  companies  have 
been  nonexclusively  licensed  to  use  the 
material  in  missile  and  space  appli- 
cations. 

However,  the  company  plans  to 
sell  and  license  the  material  to  other 
firms.  8 
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industry 

Douglas  Warns  Bigness  May  Be  Needed 

THE  PRESIDENT  of  Douglas  Air- 
craft Co.  suggested  last  week  the  gov- 

ernment should  look  more  favorably  on 
prospective  mergers.  He  also  called  for 
"fresh  thinking"  on  the  government's 
contract  negotiation  policies. 

Speaking  before  the  Associated  Busi- 
ness Publications  Forum  in  New  York 

Donald  Douglas  Jr.  said:  ".  .  .  there 
may  well  be  cases  when  merger  will  con- 

tribute to  a  strengthening  of  our  indus- 
trial base." 

In  foreign  commerce,  he  said,  the 
only  way  we  may  be  able  to  meet  in- 

creasing competition  of  the  Common 
Market  is  through  "creation  of  new, 
larger  enterprises  capable  of  achieving 
lower  costs." 

"Our  public  statements,  our  legisla- tion, and  the  conduct  of  our  business 
should  be  grounded  on  the  understand- 

ing that  what  is  big  is  not  necessarily 
bad,  that  bigness  doesn't  always  stifle competition,  and  that  in  some  areas  we 

may  actually  need  more  bigness." 
"It  may  not  be  possible,  or  desir- 

able," Douglas  said,  "to  have  a  set  na- 
tional policy  on  mergers.  But  it  should 

be  possible  to  develop  answers  to  a 
specific  situation  on  a  more  coordinated 
and  streamlined  basis." 

On  renegotiation,  he  said: 

"There  can  be  little  argument  with 

the  concept  of  renegotiation  as  applied 
during  a  wartime  situation.  But  there 
is  a  very  real  question  whether  its  con- 

tinuance is  justified,  and  whether  it  has 
not  in  recent  years  become,  in  fact,  a 
supplemental  tax  levied  against  man- 

agerial efficiency.  That  certainly  wasn't 
its  purpose  in  the  first  place." (Meanwhile,  the  Justice  Department 
told  Ling-Temco-V ought,  Inc.  that  the 
Government  will  not  appeal  a  judge's 
decision  to  reject  the  Government's  anti- 

trust suit  against  the  company.) 
(A  Nov.  24  ruling  in  U.S.  District 

Court  said  that  the  merger  of  Ling- 
Temco  and  Chance  Vought  did  not  "in 
any  way  lessen  competition  in  the  aero- 

space industry,"  as  the  government  con- tended in  antitrust  action.) 

SYLVANIA  ELECTRIC  PROD- 
UCTS INC.  will  build  a  77,000-sq.-ft. 

addition  to  its  Reconnaissance  Systems 
Lab  in  Mountain  View,  Calif.  The  addi- 

tion, part  of  Sylvania's  Electronics  Sys- 
tems, will  house  primarily  lab  areas  and 

offices  for  staff  and  engineering  work. 
Sylvania  said  there  will  be  no  major 

increases  in  personnel  during  the  expan- 
sion program. 

DYNAMICS  CORP.  OF  AMER- 
ICA has  formed  a  third  British  subsidi- 
ary,  Digital   Measurements,   Ltd..  to 

design  and  produce  factory  automation 
and  data-processing  equipment  and  sys- 

tems for  industrial  plants  in  Britain  and 
Western  Europe. 

DM  will  concentrate  initially  on 
R&D  of  equipment  and  systems,  with 
production  scheduled  to  begin  by  May. 

DATEX  CORP.,  a  subsidiary  of 
Giannini  Controls  Corp.  is  building  the 
first  unit  of  a  48,000-sq.-ft.  plant  in 
Monrovia,  Calif.  The  building  will  in- 

clude a  "white  room"  for  manufacture 
of  high-precision  shaft  position  encoders. 

GUIDANCE  CONTROLS  CORP. 
has  been  acquired  by  Warner  Electric 
Brake  &  Clutch  Co.,  Beloit,  Wis.,  in  a 
cash  transaction.  GC,  makers  of  pre- 

cision devices  including  potentiometers 
and  encoders  for  missile  guidance  sys- 

tems and  other  military  uses,  will  oper- 
ate as  an  independent  subsidiary  under 

its  present  name. 

LEAR,  INC'S  Instrument  Div., 
Grand  Rapids,  Mic'i.,  has  moved  into 
a  50,000-sq.-ft.  manufacturing  facility 
addition,  primarily  devoted  to  design 
and  manufacture  of  ground  support 

equipment. 
The  facility  includes  9000  sq.  ft.  of 

clean  rooms  for  assembly  and  servicing 
of  high-precision  instruments. 

RAYTHEON  CO.  merged  its  Aero 
Weapons  and  Missile  &  Space  divisions 
to  combine  research,  development,  de- 

sign, test,  production  and  field  service 
of  military  equipment  programs  from 
concept  through  operational  use.  The 
combined  units  will  be  called  the  Missile 
and  Space  Division. 

BERNARD  ELECTRONICS  CO. 

was  formed  in  Washington,  D.C.  to  de- 
sign and  engineer  components  in  such 

fields  as  radar,  beacons  and  IFF  sys- 
tems, voice  communications,  data  trans- 

mission, special-purpose  computers  and 
special-purpose  receivers. 

ROCKETDYNE  division  of  North 
American  Aviation,  Inc.,  established  a 
Process  Equipment  operation  and  con- 

solidated Central  Marketing  and  Con- 
tracts and  Proposals. 

The  Process  Equipment  operation 
will  incorporate  technical  activities  of 
the  former  Process  and  Special  Equip- 

ment Engineering  functions.  It  will  be 
responsible  for  analysis,  engineering  and 
design  of  processes  and  related  equip- 

ment for  application  in  the  chemical  and 
defense  industries. 

Advance  Men  for  Saturn  S-ll 

CREW  FROM  North  American  Aviation's  Space  and  Information  Systems  Div.  uses 
35-ft.-wide  road  gauge,  believed  to  be  largest  in  the  U.S.,  in  recent  survey  of  roads 
between  Port  Hueneme,  Calif.,  and  company's  Santa  Susana  testing  facilities.  Saturn 
S-ll  booster  second  stage  will  eventually  be  trucked  overland  for  testing. 
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products  and  processes 

THE  MAGNETORESISTANCE 
voltage  regulator  developed  by  Bat- 
telle  Memorial  Institute  and  designed 
specifically  as  a  supply  source  for  a  tun- 

nel diode,  is  one  of  the  first  practical 
devices  to  use  the  phenomenon  of  mag- 
netoresistance.  Output  voltage  is  kept 
constant  by  an  indium-antimonide  semi- 

conductor,  measuring  3A    by   V4  by 

Circle  No.  226  on  Subscriber  Service  Card 

Arm-Safe  Switch 
An  arm-safe  switch  is  available 

from  the  Janco  Corp.  It  is  especially 
designed  to  perform  the  arm-safe 
switching  function  in  the  nose  cone  of 

0.004  in.,  whose  resistance  varies  in 
proportion  to  the  strength  of  an  applied 
magnetic  field. 

The  regulator  can  maintain  a  0.15- 
volt  output  within  ±5%  at  0.1  amp. — 
even  when  load  resistance  changes  50% 
with  a  simultaneous  10%  change  in  in- 

put voltage,  which  is  normally  1 .5  volts. 
Circle  No.  225  on  Subscriber  Service  Card 

Smallest  Potentiometer 

The  smallest,  lightest,  potentiometric 
accelerometer  for  aerospace  programs 
is  available  from  Beech  Aircraft  Corp. 

The  single-axis  accelerometer,  a  two- 
axis  inductive  pick-off  type  and  an 
adaptive  force  vector  resolver  will  be 
marketed  simultaneously  by  the  com- 

pany's aerospace  division. 
The  potentiometric  accelerometer — 

1.33  oz.  and  .6  cu.  in. —  is  said  to  be 
more  accurate  than  existing  types  and 
boasts  a  variety  of  full-scale  ranges  from ±3  to  ±100  g. 

Circle  No.  22S  on  Subscriber  Service  Card 

l-F  Circuit  Reflectometer 

A  reflectometer  which  can  be  em- 
ployed in  i-f  circuits  is  available  from 

Merrimac  Research  and  Development, 
Inc. 

Two  models  of  the  i-f  reflectometer 
were  disclosed.  One,  designated  IR-1, 
possesses  coupling  characteristics  which 
are  flat  across  the  frequency  band  from 
100  Kc  to  25  Mc;  the  other,  designated 
UR-1,  is  flat  across  the  band  from  Mc to  200  Mc. 

Connected  back  to  back,  Merrimac 
reflectometers  can  be  used  as  the  heart 
of  an  impedance-matching  circuit  to 
couple  a  signal  source  to  i-f  strips,  i-f 
detectors,  mixers,  or  antennas.  Single 
reflectometer  units  can  be  conveniently 

employed  to  measure  voltage  standing- 
wave  ratios;  a  continuous  VSWR  sam- 

pling circuit  for  insertion  into  a  line 
can  be  made  up  of  two  units  back  to 
back.  The  directivity  of  the  i-f  reflec- 

tometer is  nominally  25  db,  resulting  in 
a  measurement  accuracy  of  10%. 

Circle  No.  229  on  Subscriber  Service  Card 

Metalized  Ceramic  Tubes 

Ceramics  International  Corp.  is 
marketing  high-temperature  metalized 
tubes  for  precision  electronic  appli- cations. 

Special  Cl-engineered  equipment 
and  metalizing  techniques  metalize  the 
inside  of  ceramic  tubes  in  sizes  varying 
down  to  0.080-in.-ID.  Ends  of  the 
tubes  can  also  be  metalized  where  re- 

quired. Maximum  tube  length  is  ap- 
proximately 8  in. 

The  ceramic  utilized  is  90-97% 
pure  alumina.  CI's  high-temperature 
moly-manganese  metalizing  techniques 
produce  a  bonding  strength  of  15/ 
20,000  psi.  The  metalized  surface  is 
stress-free  nickel-plated  and  then  coated 
with  tin,  lead  tin,  tin  silver,  or  whatever 
coating  the  customer  requires. 

Circle  No.  230  on  Subscriber  Service  Card 

Sapphire-To-Metal  Seals 
Advanced  Vacuum  Products,  Inc., 

is  marketing  a  line  of  sapphire-to- 
metal  seals,  ideal  for  windows  subject 
to  vacuum  and/or  extreme  tempera- 
tures. 

The  seals,  tested  for  a  maximum 
permissible  leak  rate  of  lxl0~9  cc  of 
helium  per  sec,  remain  hermetic  even 
after  repeated  bake-outs  at  temperatures 
as  high  as  800°C. 

The  sapphire  discs  generally  used 
are  2  in.  in  diameter  and  from  0.100 
to  0.125  in.  thick,  although  these  di- 

mensions may  be  varied  to  suit  specific 
needs.  After  the  discs  are  metallized 
with  a  special  moly-manganese  solution, 
they  are  furnace-brazed  to  the  metal 
component,  usually  grade  A  nickel, 
Kovar,  or  nickel  iron. 

an  air-to-surface  missile.  An  interlock 
prevents  rotation  of  the  switch  to  the 
"arm"  position  without  first  receiving 
an  appropriate  electrical  impulse.  Des- 

ignated the  Series  2018  switch,  it  is 
an  adaptation  of  Janco's  Series  1900 miniature  switch. 

Circle  No.  227  on  Subscriber  Service  Card 
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names  in  the  news 

SLIEPCEVICH HULL MARSH MENDELSOHN 
MYERS 

Dr.  Ludwig  Roth,  Dr.  V.  W.  Howard, 
Alan   Morgan    and   George  Mangurian: 
Given  key  management  positions  in  the 
newly  established  Northrop  Space  Labora- 

tories. Roth  is  vice  president  and  manager, 
Systems  Engineering  Department;  Howard 
was  made  vice  president  and  manager, 
Research  Department;  Morgan,  vice  presi- 

dent and  manager,  Business  Administration 
Department;  and  Mangurian  is  in  charge 
of  management  of  the  Applications  Engi- 

neering and  Planning  Department. 

W.  J.  Cecka,  Jr.:  Will  be  manager  of 
a  sixth  product  operation,  Process  Equip- 

ment, Rocketdyne  Division,  North  Amer- 
ican Aviation,  Inc.  Also,  due  to  consolida- 

MICRO 
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FROM  .0001"  DIA. 

DRILLS 

DRILLING  MACHINES 

EXPENDABLE  TOOLING 

DRILLING  SERVICE 

MICRO-MACHINING 

CONSULTANTS 

NATIONAL  JET  CO. 
II  CUPLER  DR.— LaVALE 

CUMBERLAND,  MARYLAND 
CABLE  ADDRESS:  NAJET 

tion  of  Central  Marketing  and  Contracts 
and  Proposals  divisions,  the  following 
major  management  appointments  were 
made:  E.  J.  Brown,  vice  president,  con- 

tracts and  proposals;  E.  B.  Gallant,  direc- 
tor, administration  and  engineering  opera- 

tions; W.  D.  Crossland,  engineering  man- 
ager, process  equipment;  and  L.  E.  Stew- 

ard, assistant  director,  contracts  and  pro- 

posals. 
Frank  Coughlin,  Jr.:  Appointed  vice 

president  and  a  director  of  Burr  Elec- 
tronics, Inc.,  Cos  Cob,  Conn. 

L.  M.  K.  Boelter:  Dean  of  the  Col- 
lege of  Engineering  at  the  University  of 

California  since  1944,  has  been  elected  to 
the  board  of  directors  of  Servonic  Instru- 

ments, Inc.,  Costa  Mesa,  Calif. 

Dr.  C.  M.  Sliepcevich:  Named  to  the 
Board  of  Directors,  Autoclave  Engineers, 
Inc.,  Erie,  Pa. 

Ryndal  L.  Wetherington:  Selected  by 
board  of  directors  of  Research  Manage- 

ment Corp.,  Washington,  D.  C.  as  vice 
president. 

Emanuel  Weintraub:  Executive  vice 
president  and  general  manager  of  the  John 
E.  Fast  &  Co.,  Chicago,  elected  a  vice 
president  of  The  Victoreen  Instrument  Co. 

Chester  Bland:  The  president  of  Bland 
Burner  Co.,  H.  P.  Townsend  Manufactur- 

ing Co.  and  Cleveland  Tapping  Machine 
Co.,  has  been  made  a  director  of  Tubo- 
tron,  Inc.,  Newark,  N.  J. 

David  S.  McNally:  Will  serve  as  vice 
president  of  the  Amphenol  Connector  Divi- 

sion, Amphenol-Borg  Electronics  Corp. 
and  as  general  manager  of  the  Amphenol- 
Western  Division,  Chatsworth,  Calif. 

Dr.  Harvard  L.  Hull:  President  of  Hull 
Associates,  Chicago,  selected  to  serve  as  a 
member  of  the  board  of  directors  of  Fred- 

erick Research  Corp.,  Wheaton,  Md. 

Frank  B.  Carder,  Russel  J.  Keller,  and 
Neal  H.  Hundt:  Will  fill  three  new  divi- 

sional vice  presidencies  in  American  Ma- 
chine &  Foundry  Company's  Government 

Products  Group.  Carder  will  direct  the 
Engineering  Unit,  Keller  the  Manufactur- 
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ing  unit,  and  Hundt  will  be  legal  counsel 
and  contracts  administrator.  Also,  Jerome 
P.  Mullin  has  been  made  product  line  man- 

ager for  space-simulation  devices  for  ACF Electronics  division. 

Arthur  B.  Marsh:  Named  chairman  of 
the  board  of  directors  of  Aerospace  Nylok 
Corp.,  Hawthorne,  N.  J. 

Lawrence  Mendelsohn:  While  retaining 
his  seat  as  a  member  of  the  board  of  direc- 

tors of  Wells  Industries  Corp.,  will  fill  the 
position  of  vice  president,  Marketing,  for 
Assembly  Engineers,  Inc.,  Los  Angeles. 

Roger  D.  Farnham:  Appointed  vice 
president  and  general  manager  of  Coleman 
Electronics,  Inc.,  wholly-owned  subsidiary 
of  Coleman  Engineering  Co.,  Inc.,  Los 
Angeles. 

Malbon  H.  Jennings:  Former  director 
of  SpeiTy  central  marketing  organization, 
selected  as  vice  president  for  marketing  of 
Sperry  Gyroscope  Co.,  Great  Neck,  N.  Y. 

Dr.  Peter  B.  Myers:  Accepted  the  posi- 
tion of  manager  of  a  new  Research  and 

Advanced  Technology  department  in  the 
Aerospace  Division,  Martin  Marietta  Corp., 
Baltimore. 

Edward  T.  Clare:  Vice  president-mar- 
keting of  Cohu  Electronics,  Inc.,  Kin  Tel 

Division,  and  Ernest  A.  Massa,  vice  presi- 
dent and  general  manager  of  the  Massa 

Division,  both  elected  vice  presidents  of 
the  parent  corporation. 

John  F.  Christie,  Jr.:  Lockheed  Missiles 
and  Space  Co.,  named  president  of  the 
Aerospace  Electrical  Society  for  1962; 
Robert  H.  Jerome,  Missile  and  Space  Sys- 

tem Division,  Douglas  Aircraft  Co.,  was 
made  vice  president;  and  James  E.  Johns, 
Lockheed  Missiles  and  Space  Co.,  treasurer 
and  director  of  finance.  Leslie  T.  Isaacs, 
Douglas  Aircraft  Co.,  is  the  new  secretary 
and  director  of  administration. 

John  J.  Shea:  Appointed  director  of 
research  at  Cosmic,  Inc.,  Washington, 
D.  C. 

Dr.  Samuel  G.  Lutz:  Named  chief  sci- 
entist of  Hughes  Aircraft  Company's  re- search laboratories,  where  he  will  direct 

studies  of  satellite  communications. 
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contracts- 

AIR  FORCE 

$23.781,147— Martin  Marietta  Corp.,  Baltimore, for  research  and  development  of  Titan  II 
missiles  and  for  design  and  production  of Titan  I  missiles. 

$18,400,000 — Lockheed  Aircraft  Corp.,  Sunny- vale, Calif.,  for  research  and  development 
on  space  satellite  vehicles,  for  Agena  space 
vehicles  and  for  long-lead-time  follow-on 
items  for  same  (3  contracts). 

$6,000,000 — Douglas  Aircraft  Inc.,  Santa  Mon- 
ica, Calif.,  for  further  research,  develop- 

ment and  testing  of  the  Skybolt  missile. 
$5,744,483— Philco  Corp.,  Palo  Alto,  Calif.,  for production  of  satellite  control  and  vehicle 
tracking  systems. 

$4.361,000 — General  Motors  Corp.,  Milwaukee, for  production  of  guidance  systems  for 
Titan  missiles. 

$3,500,000 — General  Electric  Co.,  Syracuse, 
N.  Y.,  for  research  and  development  of  air- 

borne guidance  equipment  In  support  of 
space  programs. 

$3,475,000 — Boeing  Co.,  Seattle,  for  the  Min- 
uteman  system  engineering  test  program 
(supplemental  contract) . 

$3,000,000 — Page  Communications  Engineer- 
ing, Inc.,  Washington,  D.  C,  for  engineer- 
ing, furnishing  and  installing  of  a  tropo- 

sphertc  scatter  communications  system. 
$2,294,700 — General  Electric  Co.,  Syracuse, N.  Y.,  for  providing  materials  and  services 

for  the  air  defense  radar  program. 
$2,000,000 — Martin  Marietta  Corp.,  Baltimore, 

for  research  and  development  of  a  space 
program  launch  vehicle. 

$1,800,000— Rand  Corp.,  Santa  Monica,  Calif., for  research  in  the  aerospace  sciences. 
$1,700,000 — General  Dynamics,  San  Diego,  for 
providing  aerospace  ground  equipment 
(supplemental  contract) . 

$1,600,000 — Space  Technology  Laboratories, Inc.,  Los  Angeles,  for  continued  site  activa- 
tion and  engineering  for  the  Titan,  Atlas 

and  Minuteman  ICBM's. 
$1,120,000 — American  Bosch  Arma  Corp.,  Gar- 

den City,  L.  I.,  N.  Y.,  for  development  of 
the  Atlas  missile  guidance  system  (supple- mental contract) . 

$1,069,800 — Ramsdell  Construction  Co.,  Dallas, 
for  construction  of  a  missile  assembly  and 
maintenance  support  building,  and  techni- 

cal supply  facilities  at  Little  Rock  AFB, Ark. 
$500,000 — Houston-Fearless  Corp.,  Los  Angeles, 

for  development  and  fabrication  of  a  con- 
trollable development  processing  machine 

and  installation  and  engineering  services. 
$200,000— United  Testing  Laboratories  Divi- 

sion, United  Electrodynamics,  Inc.,  for  re- 
liability research  and  testing  of  electronic 

equipment. 
$177,441 — Sperry  Phoenix  Co.,  division  of 

Sperry  Rand  Corp.,  for  magnetic  azimuth 
detectors  and  spare  parts  for  aerospace 
ground  equipment  and  data. 

$140,492— Raytheon  Co.,  Lexington,  Mass.,  for spare  and  repair  parts  for  Hawk  missile 
system. 

ARMY 

$4,925,833— Hercules  Powder  Co.,  Wilmington, 
Del.,  for  rocket  motors  and  gunpowder. 

$3,800,000 — Autonetics,  division  of  North 
American  Aviation,  Inc.,  for  procurement 
of  the  portable  ABLE  gyrocompass. 

$3,593,031— Sparry  Rand  Corp.,  Sperry  Utah 
Co.,  Salt  Lake  City,  for  engineering  services 
on  the  Sergeant  missile. 

$1,525,761— Western  Electric  Co.,  New  York 
City,  for  Nike-Hercules  technical  manuals. 

$1,257,772 — Thiokol  Chemical  Corp.,  Redstone 
Division,  Huntsville,  Ala.,  for  procurement 
of  plastic  nozzles  for  first-  and  second- 
stage  rocket  motors  of  the  Pershing  bal- listic missile. 

$1,199,000— Bridgeport   Brass   Co.,  Riverside, 

Calif.,  for  rocket  motors  and  motor  closures 
for  the  M-72  light  assault  weapon. 

$1,037.875 — FMC  Corp.,  San  Jose,  Calif.,  for Pershing  missile  carriers. 
$504,900 — Consteel-Ets-Hokin  and  Galvan, 
Cocoa  Beach,  Fla.,  for  construction  of  an 
extension  to  the  umbilical  tower  for  Saturn 
launch  complex  34,  Cape  Canaveral. 

$338,000 — Ryan  Aeronautical  Co.,  San  Diego, 
for  continued  support  for  Firebee  target 
drone  operations  at  the  White  Sands  Mis- sile Range,  N.  M. 

$185.640 — Davis  Bros.  Construction  Co.,  Abi- lene, Tex.,  for  rocket  assembly  building, 
additional  multi-cubicle  magazine,  at  Per- rin  AFB,  Sherman,  Tex. 

INDUSTRY 
$8,500,000  —  Westinghouse  Electric  Corp., 
Washington,  D.  C,  from  Aerojet-General 
Corp.,  for  continued  design  and  develop- ment in  connection  with  the  NERVA  rocket 
engine  project. 

$4,000,000 — Temco  Electronics  Division,  Ling- 
Temco-Vought,  Inc.,  from  Autonetics,  a 
division  of  North  American  Aviation,  Inc., 
for  continued  manufacture  of  actuators  for 
the  Minuteman  1CBM. 

$750,000 — Acoustica  Associates,  Inc.,  Los 
Angeles,  from  General  Dynamics/Astronau- tics, for  site  activation  work  on  the  Atlas  F 
program. 

$750,000 — Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  from  Pomona  division,  General  Dy- 

namics Corp.,  for  continued  development 
of  an  advanced  guidance  unit  for  the 
Mauler  tactical  air  defense  system  missile. 

$124,000 — Space  Technology  Laboratories,  Inc., 
Los  Angeles,  from  Hughes  Aircraft  Co., 
for  a  solar  simulator  for  the  Aerospace Group. 

NASA 

$3,000,000 — Motorola,  Inc.,  Scottsdale,  Ariz., 
for  research  and  development  of  the  God- 
dard  Space  Flight  Center  range  and  range 
tracking  system. 

$994,081 — International  Business  Machines, 
Rockville,  Md.,  for  five  guidance  computers 
for  the  Saturn  vehicle  program. 

$354,215 — Electro-Optical  Systems,  Inc.,  Pasa- 
dena, Calif.,  for  additional  research  and 

development  on  electric  propulsion  engines. 
$115,000 — Bechtel  Corp.,  Vernon,  Calif.,  for 
architectural-engineering  design  of  con- 

struction of  expansion  of  the  Test  Divisions 
blockhouse,  two  28.000-gal.  liquid  oxygen 
storage  tanks  and  partial  construction  of 
a  liquid  hydrogen  test  facility  a  Marshall 
Space  Flight  Center. 

$94.855 — E-gineering  Maintenance  Inc.,  San Jose,  Calif.,  for  modification  of  space  flight 
simulation  laboratory,  Ames  Research  Cen- 

ter, Moffett  Field,  Calif. 

NAVY 
$15.000,000— Sperry  Gyroscope  Co.,  Great  Neck, 

L.  I.,  N.  Y.,  for  design,  production  and  in- stallation of  navigation  equipment  aboard 
10  new  Polaris  submarines. 

$9,773,037 — Radio  Corp.  of  America,  Moores- town,  N.  J.,  for  tracking  radar  systems  for 
use  in  satellite  and  missile  test  programs 
at  the  Atlantic  Missile  Range  and  for  dis- 

mantling and  modification  of  a  tracking 
radar  at  St.  Nicholas  Island  and  reinstalla- 

tion at  Point  Pillar  in  the  Pacific  Missile 
Range  complex  (2  contracts). 

$6,000.000— Magnavox  Co.,  Fort  Wayne,  Ind., 
for  airborne  radar  systems  and  classified 
military  items. 

$2,569.170 — Northrop  Corp.,  Radioplane  divi- sion, Van  Nuys,  Calif.,  for  production  of 
KD2R-5  target  drones. 

$2,244,415 — General  Dynamics  Corp.,  Electric Boat  Div.,  New  London,  Conn.,  for  design 
studies  and  equipment  for  the  planned 
Fleet  Ballistic  Missile  Training  Center  at Charleston,  S.  C. 
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editorial . . 

A  Plan  for  Engineers 

*?CCIENTISTS  AND  ENGINEERS  are  a  scarce 
«^  but  vital  national  resource.  .  ." 
That  quote  is  from  the  recent  report  of  the  Na- 

tional Science  Foundation  which  carries  the  title, 
"The  Long-Range  Demand  for  Scientific  and  Tech- 

nical Personnel — A  Methodological  Study." 
The  study  estimates  that  the  demand  for  scien- 

tists and  engineers  may  double  by  1970.  Yet  both 
the  absolute  and  relative  number  of  college  freshmen 
enrolling  in  engineering  is  decreasing  for  perhaps  the 
fourth  successive  year. 

President  Kennedy  has  called  the  situation  one  of 
the  most  critical  problems  facing  the  nation.  Last 
month,  he  ordered  his  scientific  advisers  to  draw  up 
a  report  on  how  the  U.  S.  can  cure  the  shortage  in 
the  fastest  possible  manner. 

We  think  these  advisers  could,  with  benefit,  spend 
some  time  studying  the  Letters  column  of  this 
magazine. 

In  the  Jan.  1  issue,  we  ran  an  article  by  Associate 
Editor  Heather  David  on  the  increasing  shortage  of 
scientists  and  engineers  as  it  affects  the  missile/ space 
industry.  Few  articles  have  drawn  such  a  heavy  reader 
response.  Several  of  the  letters  appear  in  this  issue. 

A  significant  unanimity  of  opinion  runs  through 
almost  all  of  the  letters:  one  of  the  quickest  solutions 
toward  curing  the  shortage  of  engineers  lies  in  mak- 

ing better  use  of  the  engineering  talent  already 
available. 

".  .  .  many  so-called  'old'  engineers  (45  to  65 
years  of  age)  have  been  cast  out.  These  'old'  engineers 
can  save  millions  of  dollars,  in  time  wasted  by  young 
engineers,  due  to  their  past  experience  in  design.  .  ." 
writes  an  Alabama  engineer. 

"My  contention  is  that  the  non-graduate  'semi- 
professional'  can  and  will  be  the  answer  to  the  prob- 

lem," writes  a  Colorado  engineer. 
"The  problem  of  the  old  engineer  is  very  true 

.  .  .  the  situation  is  even  worse  than  .  .  .  pictured," 
writes  the  wife  of  a  California  enginer. 

"There  very  definitely  is  poor  utilization  of  exist- 
ing scientific  and  engineering  personnel,"  writes  a 

Pennsylvania  engineer. 
"I  feel  that  on-the-job  training  can  be  just  as 

important  as  school.  Why  must  we  undergraduate 
students  waste  our  (summer)  time  on  pick  and  shovel 
jobs?"  asks  a  Washington  engineering  student. 

Here  are  some  areas  which  definitely  need  in- 
vestigating. Are  we  wasting  the  talents  of  qualified 

graduate  engineers  on  unnecessary  tasks?  Are  we 
overlooking  the  vast  talent  pool  available  among  older 
engineers?  How  can  we  best  employ  the  experienced 
professionals  who  have  no  formal  degree?  Are  we 
failing  to  keep  our  engineering  students  interested? 

There  is  still  another  important  source  of  engi- 

neering talent  for  the  missile/ space  industry  which 
we  have  not  yet  seen  our  readers  mention  in  a  letter. 

Firms  in  the  industry  are  looking  too  much  to 
fresh  graduates  from  the  universities  in  their  quest 
for  new  scientists  and  engineers.  They  award  scholar- 

ships and  fellowships  to  promising  undergraduates — 
and  urge  the  government  to  do  the  same.  Well  and 
good,  but  these  seeds  take  years  to  blossom. 

There  are  many  extremely  able  engineering  grad- 
uates who  either  have  left  industry  altogether  or  have 

been  working  in  branches  of  industry  where  the  ex- 
perience is  not  applicable  in  the  missile/ space  field. 

When  these  men  try  to  get  into  missile/ space 
work,  they  find  a  barrier  erected  in  addition  to  age: 
they  lack  appropriate  experience. 

Recently,  an  experienced  engineer  of  our  ac- 
quaintance who  has  an  advanced  degree  in  aero- 

nautics and  who  was  graduated  with  honors  applied 
to  the  National  Aeronautics  and  Space  Administra- 

tion for  a  technical  post. 
His  experience  coincided  with  that  of  the  man 

who  was  looking  for  an  assistant.  The  NASA  engi- 
neer turned  down  our  friend,  explaining,  "We're all  in  the  same  boat  you  are,  trying  to  update  our 

knowledge.  What  we  need  is  a  youngster  out  of 
school  who  has  taken  the  latest  courses." 

We're  sure  this  is  not  an  isolated  case,  although 
the  candor  of  the  NASA  engineer  is  refreshing. 

But  we  would  like  to  pose  this  question:  Which 
takes  the  most  time  and  is  the  most  expensive — 
training  a  youngster  from  scratch  through  a  four- 
year  engineering  institution  or  providing  the  relatively 
brief  retraining  in  the  form  of  refresher  courses  which 
could  make  an  experienced  engineer  a  valuable  asset 
to  the  Space  Age? 

WE  THINK  THE  ANSWER  is  obvious,  if  we 
are  serious  about  whipping  the  engineering 

shortage.  The  Space  Age  is  considered  by  too  many 
to  be  the  prerogative  of  the  young.  The  San  Diego 

engineer  whose  wife  wrote  to  us  is  considered  "old" at  39.  We  might  point  out  that  astronaut  John  Glenn 
is  40. 

Unlike  many  other  fields — such  as  medicine,  law 
and  journalism — engineering  is  one  in  which  maturity 
seems  to  count  for  little.  Certainly,  there  are  prob- 

lems in  retraining  older  men.  For  one  thing,  a  man 
with  family  responsibilities  cannot  be  paid  the  same 
low  salary  as  an  interning  engineer. 

But  the  government  and  industry  should  work  out 
a  program  for  retraining  these  experienced  engi- 

neers. They  can  be  just  as  valuable  to  us  as  the  eager 

youths  with  the  fresh  Ph.D.'s. 
William  J.  Coughlin 
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HI-PRESSURE 

PNEUMATIC 

TESTING . . . 

a  new  wrinkle  in  modern  testing  techniques 

The  use  of  high  pressure  gas  for  testing  missile  and  chemi- 
cal plant  piping  systems  is  proving  to  be  much  more  con- 

venient, faster  and  more  dependable  than  conventional 
hydrostatic  pressure  testing  with  a  liquid  medium. 

High  pressure  tests  with  inert  gases  are  performed  with  a  minimum 
of  time  and  maximum  cleanliness  without  corrosion  problems  and 
without  residual  contamination  from  liquids.  Pneumatic  systems 
eliminate  the  need  for  dismantling  and  cleaning  complex  missile 
or  chemical  plant  piping  systems,  components  and  assemblies  after 
test.  They  preclude  time-consuming  and  arduous  cleaning  and  drying 
tasks  which,  in  hydrostatic  testing,  are  necessary  to  remove  con- 

taminating traces  of  oil,  water  or  other  liquid  media.  Equally  im- 
portant, pneumatic  testing  shows  up  even  very  tiny  leaks  which  may 

develop  under  pressure  and  which  can  not  be  picked  up  readily  with 
liquid  test  media. 

CORBLIN  COMPRESSORS  ASSURE  PURITY 

Aminco  makes  available  the  unique  Corblin  Diaphragm-Type  Com- 
pressor which  has  proven  to  be  ideally  suited  for  contamination-free 

pneumatic  testing.  Since  the  gas  is  compressed  by  means  of  a 
hydraulically  pulsed  metal  diaphragm,  forming  a  non-permeable 
barrier  between  gas  on  one  side  and  the  hydraulic  fluid  used  to 
drive  it  on  the  other,  the  gas  delivered  by  the  compressor  is  as 
pure  as  the  gas  entering.  Thus,  pneumatic  testing  may  be  performed 
in  complete  confidence  using  super-pure  nitrogen,  helium,  or  other 
gases,  without  need  for  elaborate  and  sometimes  undependable 
scrubbers  and  filters  at  the  compressor  discharge. 

Corblin  Compressors  are  available  for  maximum  discharge  pressures 
of  up  to  30,000  p.s.i.  and  with  capacities  for  up  to  several  hundred 
s.c.f.m.  under  certain  operating  conditions. 

Aminco  is  prepared  to  supply  compressors  alone,  as  well  as  design 
and  construct  complete  pressure  test  systems  including  receiver  ves- 

sels, pressure  control  and  measurement  instrumentation,  and  if  de- 
sired, completely  automatic  operation  to  permit  production-line 

pneumatic  pressure  testing  of  items  at  time  of  manufacture. 
SEND  FOR  BULLETIN  NO.  4074 — K-2 

Corblin  Compressors,  exclusively  distributed  in  North  America  by 
Aminco,  are  described  fully  in  this  new  8-page  Bulletin,  forwarded 
on  request. 

MOBILE  EQUIPMENT 
Photo  above  shows  a  Corblin  Compressor  driven  by  a  gasoline 

engine,  and  mounted  on  the  back  of  a  small  truck.  These  complete 
mobile  systems  are  constructed  and  leased  by  Consolidated  American 
Services  to  users  in  medium  and  high  pressure  test  facilities.  The 
compressors  are  small  enough  and  free  enough  from  vibration  to 
permit  mounting  on  the  truck  body  shown  and  the  entire  unit  may 
be  rapidly  moved  over  rough  terrain  if  necessary.  Compressor  is  a 
single-stage  unit  capable  of  taking  suction  from  commercial  gas 
cylinders  and  discharging  at  a  maximum  pressure  of  16,000  p.s.i. 
Full  information  available  from  Consolidated  American  Services,  Inc., 
250  N.  Daphne  Ave.,  Hawthorne,  Calif. 

AMERICAN  INSTRUMENT  CO.,  INC. 

8030  Georgia  Avenue,  Silver  Spring,  Md. 
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UNIVAC  1206 
MILITARY  COMPUTER  (AN/USQ-20) 

•  MIL  SPEC. 
•  SOLID  STATE 
•  ENVIRONMENTALLY  PROVEN 



L206  Military  Computer 

This  new  unit. . .  versatile,  reliable,  and  ruggedized . . . 

is  now  in  production  for  short  delivery  time! 

The  new  Univac®  1206  Military  Computer 
combines  a  range  of  abilities  and  applications 
never  before  available  in  one  compact  pack- 

age. It  is  a  stored  program  computer  for  rapid 
processing  of  large  quantities  of  complex  data. 

The  1206  can  operate  in  mobile,  rugged 
environments  under  adverse  field  conditions. 
It  is  specifically  designed  to  communicate 
easily  with  a  wide  variety  of  asynchronous 
external  devices  in  real-time  applications. 

Built  to  MIL-E-16400  (initially  for  the 
Naval  Tactical  Data  System— NTDS)  it  is 
now  ready  to  do  the  job  you  want,  where 
you  want  it  done! 

Check  these  outstanding  features: 
•  Compact  Design:  Cabinet  measures  only 
3x3x6  feet.  Designed  for  ease  of  maintenance 
and  long  trouble-free  operation. 
•  Memory  Cycle  Time  of  8  Microseconds  with 
30-bit  word  length  and  random  access  mem- 

ory capacity  of  32,768  words  (16,384  words 
optional) . 

•  Single  Address  Instructions  with  seven  in- 
dex registers  to  provide  address  modifica- 

tion. Parallel,  one's  complement,  subtractive arithmetic. 

•  Repertoire  of  62  Instructions  with  condi- 
tional program  branching.  Average  execution 

time  of  13  microseconds.  CS-1  automatic  pro- 
gramming compiler  for  ease  of  programming. 

•  Internal  24-Hour  Real-Time  Clock  for  ac- 
curately initiating  or  terminating  operations 

at  specified  times. 

•  Up  to  12  Input,  12  Output  Channels  with 
parallel  mode  of  operation  (60,000  trans- 

missions per  second  per  channel). 

•  2  Special  Input,  2  Special  Output  Channels 
for  direct  communication  between  computers. 

•  Programmed  Checking  of  Data  Parity. 

•  Auxiliary  16-Word  Permanent  Memory  for 
bootstrap  automatic  recovery  in  the  event 
of  program  failure. 

For  high  computational  ability  .  .  .  plus 
rugged,  compact  construction  .  .  .  plus  current 
availability  .  .  .  get  the  full  details  on  the 
Univac  1206  Military  Computer.  Univac 

systems  engineers  will  plan  a  hardware  con- 
figuration to  fit  your  system  needs. 

The  UNIVAC  1206  Military  Computer  is  ideal  for 
these  tough,  challenging  military  applications: 

Range  Instrumentation    Tactical  Control 
Missile  Guidance  Digital  Communications 

Missile  Fire  Control         Data  Reduction  and Analysis 
Simulation 

Inventory  and 
Logistics  Scheduling 

First  with  mobile  ruggedized  systems  . . . UNIVAC 
DIVISION  OF  SPERRY  RAND  CORPORATION 

Military  Dept.     •     Univac  Park      •     St.  Paul,  Minn. 

REGIONAL  OFFICES:  WASHINGTON,  D.C.-2121  WISCONSIN  AVENUE,  NW  (FE  8-8510)  .  BOSTON  — 1776  MASSACHUSETTS  AVENUE,  LEXINGTON  (VO  2-2650) 
DAYTON  —  20  NORTH   JEFFERSON  (BA  4-0775)      •      LOS  ANGELES  -  6363  WILSHIRE  BOULEVARD  (OL  3-3975)      .      ST.  PAUL  -  2750  WEST  7th  BOULEVARD  (Ml  8-2451) 



A  new  science -technology  supports  decision -making  on  a  global  scale.  How  do  you  control 

world-wide  forces  when  decisions  must  be  made  in  minutes  or  seconds,  based  on  huge  amounts  of  informa- 

tion, which  in  turn  must  be  literally  up-to-the-second?  Decisions  of  this  scale  are  made  possible  by  a  new  science- 

technology:  systems  that  provide  information  processing  assistance  for  military  and  governmental  leaders. 

Scientists,  Engineers  and  Computer  Programmers  at  SDC  have  been  on  the  growing  edge  of  this 

science-technology  since  it  began  with  SAGE  (the  first  system  of  this  type)  and  SACCS  (the  second  system). 

Today  Human  Factors  Scientists,  Operations  Research  Scientists,  Engineers  and  Computer  Programmers  at 

SDC  are  deeply  involved  in  a  number  of  new  systems.  Working  in  a  close  interdisciplinary  manner,  they 

are  contributing  to  these  systems  in  areas  of:  system  analysis,  system  synthesis,  programming  giant  computers, 

training  personnel  in  the  use  of  the  systems,  and  in  system  evaluation.  They  are  also  carrying  on  research  into 

future  generations  of  these  systems.  What  does  this  new  science-technology  offer  you  professionally?  We  invite 

your  inquiry  on  this  score  if  your  ambitions,  background  and  curiosity  turn  you  toward  this  new  field.  Address 

Dr.  H.  L.  Best  at  2433  Colorado  Avenue,  Santa  Monica,  California.  Openings  are  in  Santa  Monica,  Washing- 

ton, D.C.,  Paramus,  New  Jersey,  and  Lexington,  Massachusetts.  "An  equal  opportunity  employer!' 

DECISION-MAKING  ON  A  GLOBAL  SCALE 

4 Circle  No.  1  on  Subscriber  Service  Card 
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Astronaut  John  Glenn  will  have  this  peri- 
scope view  of  the  ground  before  taking  of] 

in  his  MA-6  capsule.  Camera  equipment 
for  the  capsule  was  produced  by  D.  B. 
Milliken  Co.  of  Arcadia,  Calif. 
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needs 

SENIOR 

SYSTEMS 

ENGINEERS 

Scientific  Representative  assigned  to 
one  of  the  Spacecraft  Test  Operation 
Teams.  Will  have  systems  responsibil- 

ity of  integrating  the  various  scientific 
experiments  (e.  g.  radiometers,  plasma 
detectors,  magnetometers,  etc.)  with 
the  remaining  subsystems  on  space- 

craft through  all  systems  testing  opera- 
tional phases. 

Guidance  and  Control  Representative 
assigned  to  one  of  Spacecraft  Test  Op- 
eratiotiTeams.Will  have  responsibility 
of  integrating  the  Power,  Altitude  Con- 

trol, Computer  and  Autopilot  system 
with  remaining  subsystems  of  space- 

craft through  all  system  test  phases. 
Telecommunications  Representative 
assigned  to  one  of  the  Spacecraft  Test 
Operation  Teams.  Will  be  responsible 
for  integration  of  the  Telemetry,  Com- 

mand and  RF  subsystem  with  the 
remaining  spacecraft  subsystems  thru 
all  system  test  phases. 
Positions  require  minimum  BS  degree 
in  E.  E.  or  physics  with  5  years 
experience. 

Research  and  development  for 
America's  lunar,  planetary  and 

interplanetary  explorations  programs. 

Send  Complete  Resume  to 

JET  PROPULSION 
LABORATORY 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 

4808  OAK  GROVE  DRIVE 
PASADENA,  CALIFORNIA 

"An  equal  opportunity  employer" 
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Sea  Photo  Report  Praised 
To  the  Editor: 

Just  a  brief  note  to  express  my  con- 
gratulations on  a  job  well  done  in  your 

article,  "System  Yields  Fine  Sea-Floor 
Maps,"  by  William  Beller  (M/R,  Jan.  22, 
p.  24).  It  is  all  too  seldom  these  days 
that  one  encounters  truly  responsible  jour- 

nalism. Your  article  is  accurate  and  well 
written. 

Harris  B.  Stewart,  Jr. 
Deputy  Asst.  Director Office  of  Oceanography 
Coast  and  Geodetic  Survey 
U.S.  Department  of  Commerce 
Washington 

Scientist/Engineer  Shortage 
To  the  Editor: 

I  have  just  read  your  article,  "Scientist/ 
Engineer  Shortage  Worsens"  (by  Heather M.  David,  M/R,  Jan.  1,  p.  12).  As  an 
engineering  student  very  much  interested 
in  the  missile  field,  I  have  a  great  deal  at 
stake  in  the  engineering  profession  and 
where  it  is  going. 

Mrs.  David  states  that  NASA  is  quite 
concerned  over  the  decrease  in  engineer- 

ing enrollment  and  graduates  in  the  past 
few  years — an  understandable  situation, 
since  they  are  feeling  the  pinch.  A  few 
theories  were  presented,  but  these  were 
only  theories.  May  I  suggest  that  if  you 
wish  to  get  to  the  bottom  of  this,  why  not 
ask  prospective  college  students  if  they 
intend  to  enter  the  field  of  engineering — 
and  if  not,  why?  This  could  be  done  by 
sending  a  brief  questionnaire  to  a  number 
of  variously  located  high  schools.  If  any- 

thing is  to  be  done  about  a  problem,  the 
problem  must  first  be  understood. 

If  you  should  find  merit  in  this  sug- 
gestion, may  I  be  the  first  to  add  my 

comments. 
The  only  reason  I  am  in  the  college 

of  engineering  rather  than  physics  is  that 
I  could  financially  afford  no  more  than 
four  years  of  college.  I  am  not  interested 
in  physics  because  of  the  glamour  associ- 

ated with  it,  but  because  I  have  always 
enjoyed  research.  I  must  agree,  however, 
with  the  educators  who  forward  the  belief 
that  students  are  turning  away  from  engi- 

neering because  of  the  difficult  curriculums 
to  be  encountered.  In  mechanical  engi- 

neering, the  second,  third  and  fourth 
semesters  at  Washington  State  University, 
19.5  hours  is  considered  a  normal  load. 
In  most  other  fields,  above  17  hours  is 
considered  an  overload  requiring  special 
permission  from  the  registrar. 

There  is  another  problem:  Money.  A 
number  of  potential  engineers  drop  out 
each  semester  because  they  haven't  the money  to  continue.  This  definitely  should 
never  happen,  especially  when  there  is  a 
shortage  of  engineers.  A  money  shortage 
may  have  many  causes,  but  one  major 
one  is  the  lack  of  high-paying  summer 
jobs.  I  can  speak  from  experience  on  this 
topic.  Last  summer  I  drove  a  pea  truck  in 
harvest,  with  a  pay  rate  of  $1.00/hr.  You 

can  imagine  how  I  felt  when  I  received 

my  $80  pay  check  for  two  weeks'  work. When  harvest  was  finished,  the  only  job  I 
could  find  was  forest  firefighting. 

I  felt  lucky  to  have  those  jobs.  I  had 
gone  to  the  employment  bureau  on  campus 
to  talk  to  representatives  of  the  various 
companies  in  the  missile  field.  All  except 
one  gave  me  only  enough  time  to  tell  me 
that  they  had  no  summer  employment 
available.  Only  a  single  representative 
from  GE  looked  into  the  matter  further. 
Needless  to  say,  he  found  nothing.  I  know 
of  quite  a  few  other  students  to  whom 
the  same  thing  has  happened. 

I  feel  that  on-the-job  training  can  be 
just  as  important  as  school.  Why  must 
we  undergraduate  students  waste  our  time 
on  pick  and  shovel  jobs?  I  would  give  up 
almost  anything  to  go  Canaveral,  or 
Huntsville,  or  Pt.  Mugu  to  work  on  a  job 
where  I  would  be  learning  something  and 
earning  money  to  complete  my  education. 
Is  it  any  wonder  that  engineering  does 
not  seem  attractive  to  the  prospects?  It 
has  nothing  to  offer  to  the  undergraduate. 
Most  fields  don't.  Let's  change  this  in  en- 

gineering. To  attract  it  must  be  attractive. 
Alvah  T.  Strickland 
Pullman,  Wash. 

To  the  Editor: 
Your  article  was  read  with  interest.  .  .  . 

You  refer  to  a  "National  Science  Founda- 
tion" study  just  released.  What  is  the  title 

of  this  study  and  is  it  available  to  the  pub- 
lic? Does  this  study  cover  the  NASA  sta- 

tistics you  make  reference  to? 
I.  Lublin,  Senior  Engineer 
Research  Department 
ARMA  Division 
American  Bosch  Arma  Corp. 
Garden  City,  L.  I.,  N.  Y. 

To  the  Editor: 

Could  you  supply  me  with  the  bibliog- 
raphy used  in  this  article?  I  am  very  inter- 

ested in  this  same  problem  from  the  con- 
tractor's point  of  view. 

Edmund  Morrison 
Corporate  Economics  Staff The  Boeing  Company 
Seattle 

The  National  Science  Foundation  study 
referred  to  is  "The  Long-Range  Demand 
for  Scientific  and  Technical  Personnel," NSF  61-65.  It  is  available  from  the  publi- 

cations office  of  the  NSF  in  Washing- 
ton, D.C.  The  statistics  on  NASA  were 

gathered  through  interviews  with  Robert 
Lacklan,  Director  of  Personnel,  and  Dr. 
Allen  Gamble  of  that  office.  Statistics 
were  also  taken  from  "Estimates  of  Engi- 

neering Enrollments  and  Degrees,"  (an 
unofficial  survey)  by  Henry  H.  Armsby, 
specialist  for  Curriculum  Patterns  in  Engi- 

neering Education,  Division  of  Higher  Ed- 
ucation, U.  S.  Office  of  Education;  "Fresh- 

man Engineering  Enrollment,"  (a  special 
survey  report)  by  Engineering  Manpower 
Commission,  Engineers  Joint  Council,  345 
East  47th  St.,  New  York  17,  N.  Y.;  and 
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"Investing  in  Scientific  Progress,"  National 
Science  Foundation,  NSF  61-27. — Ed. 

To  the  Editor: 
I  read  (the  article)  with  interest.  I 

particularly  noted  the  Salary  Comparisons, 
Professional  Personnel  chart,  and  would 
like  very  much  to  know  if  you  could  advise 
me  of  the  source  or  basis  for  the  salaries 
shown  in  the  Industry  Rate  column. 

D.  A.  Lederer,  Jr. 
Personnel  Manager 
The  Rand  Corp. 
Santa  Monica,  Calif. 

The  industry  equivalents  of  Civil  Service 
Grades  5  through  15  came  from  the  most 
recent  Bureau  of  Labor  Statistics  Survey  of 
Engineers.  The  higher  grades  were  secured 
from  a  joint  Bureau  of  Labor  Statistics  and 
Civil  Service  Commission  survey  of  execu- 

tive salaries  in  22  leading  industrial  com- 
panies.— Ed. 

Sensor  Accomplishment 
To  the  Editor: 

I  was  sorry  to  see  that  your  article, 
"Sensors  Function  Well  in  Monkeys" 
(M/R,  Jan.  15,  p.  17),  makes  no  mention 
of  the  fact  that  Spacelabs  Inc.  developed 
and  surgically  implanted  the  internal  phys- 

iological system  described. 
Inasmuch  as  this  concept  was  originally 

demonstrated  by  our  medical-engineering 
staff  in  1959,  we  feel  it  only  fair  that 
credit  be  given  to  their  imagination  and 
foresight,  which  made  the  flight  possible. 

James  Reeves 
Executive  Vice  President 
Spacelabs  Inc. 
Van  Nuys,  Calif. 

M/R  much  regrets  that  credit  to  Space- 
labs Inc.  was  inadvertently  dropped  in  the 

copy-handling  process.  The  company  was 
indeed  responsible  for  the  entire  sensing 
system.  Another  name  disappeared  with  the 
same  elusive  paragraph — Wyle  Labora- 

tories, on  whose  equipment  environmental 
and  centrifuge  testing  was  done. — Ed. 

Industry  Patent  Policy 
To  the  Editor: 

I  read  your  Jan.  8  editorial,  "Stifling 
the  'One  Human  Asset',"  with  considerable personal  interest.  Although  I  agree  in 
principle  with  the  ideas  that  you  promoted, 
I  find  it  difficult  to  muster  any  criticism 
of  the  approach  taken  by  government. 

As  I  recall,  before  I  came  to  work  in 
government  service  every  "private  indus- 

try" with  which  I  was  associated  required each  engineer,  scientist  or  technician  to 
sign  away  title  to  patent  rights  developed 
under  company-sponsored  research. 

When  the  "National  Inventions  Act" 
specifies  the  right  of  government  to  titles 
of  all  patents  developed  by  private  indus- 

try under  government  research  and  devel- 
opment contracts,  it  seems  to  me  that  this 

is  simply  putting  the  shoe  on  another  foot. 
J.  L.  Townsend 
Guided  Missile  Equip.  Spec. 
Raritan  Arsenal 
Metuchen,  N.  J. 

NE MS- CLARKE®  Surveillance... 

the  Ears  of  the  World 

Multiple  demodulation  of  any  signal 
from  30-1000  mc  is  possible  through 
this  new  receiving  system.  It  is  appli- 

cable to  both  communications  and 
surveillance. 

The  units,  AMD  21-4  Amplifier  De- 
modulator, RFT  30-260  Frequency 

Tuner  and  RFT  250-1000  Frequency 
Tuner,  allow  reception  of  any  signals 
in  this  frequency  range  and  the  de- 

modulation of  those  signals  simulta- 
neously in  four  IF  bandwidths  either 

AM  or  FM.  For  increased  flexibility, 
these  units  can  receive  four  different 
frequencies  simultaneously,  one  fre- 

quency in  each  of  the  following  bands 
30-1 10, 90-260,  250-500, 495-1000  mc. 
Write  for  Data  Sheet  777. 
Vitro  Electronics,  919  Jesup-BIair  Dr. 
Silver  Spring,  Maryland 
A  Division  of  Vitro  Corp.  of  America 

VISIT  VITRO  AT  I.R.E.  SHOW 
BOOTH  3821-3823 

^1   EI  ̂  

TO 

AMD  21-4  UNIT 
Accepts  1,2,4  inputs. 
Input  Impedance  50  ohms. VSWR  better  than  1.5:  1. 
Modules:  Bandwidths  available  4  Omc; 

2  Omc. 500  kc,  50  kc;  15  kc. 
RFT  30-260  UNIT 

TUNING  RANGE  In  Two  Bands: 30-110  mc;  90-260  mc. 
AVERAGE  NOISE  FIGURE 30-110  mc,  5  db; 

90-260  mc,  6  db. 
RFT  250-1000  UNIT 

TUNING  RANGE  In  Two  Bands: 
250-500  mc;  495-1000  mc. AVERAGE  NOISE  FIGURE 250-500  mc,  9  db; 

495-1000  mc,  12  db. 
COMMON  TO  BOTH  RFT  UNITS 

INPUT  IMPEDANCE. .50  Ohms  Nominal. 
TYPE  RECEPTION  AM.  FM.  CW. 
IMAGE  REJECTION  56  db. 
RACK  SPACE  3'/2"  by  19". POWER  1  15/230  v — 50-400  cycles. 
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Today  OGO  hovers  above  a  crater  on  earth 

Soon  a  new  space  chamber  30  feet  in  diameter  will  fill  this 

deepening  bowl  of  earth.  Here  OGO  (NASA's  Orbiting  Geo- 
physical Observatory)  will  be  subjected  to  conditions  of  solar 

heating,  vacuum,  and  vehicle  radiation  to  the  cold  of  outer 
space.  The  new  space  chamber  will  be  the  sixth  at  STL.  It 
will  enable  engineers  and  scientists  working  on  OGO,  Vela 
Hotel  and  other  STL  projects  to  test  large,  complete  space- 

craft as  well  as  major  subsystems.  And  along  with  other  ad- 
vanced facilities  at  STL's  Space  Technology  Center,  it  will 

provide  unusual  scope  for  engineers  and  scientists  to  verify 
and  apply  new  techniques  in  design,  development  and  fabri- 

cation of  spacecraft.  STL's  expanding  space  programs  have 
created  new  opportunities  for  engineers  and  scientists  in  the 
following  fields:  Aerodynamics,  spacecraft  heat  transfer; 
Communication  Systems;  Electronic  Ground  Systems;  Power 
Systems;  Propellant  Utilization;  Propulsion  Controls;  Re- 

entry Body  Evaluation;  Systems  Analysis;  Thermal  Radiation; 
and  Trajectory  Analysis.  All  qualified  applicants  are  invited 
to  write  Dr.  R.  C.  Potter,  Manager  of  Professional  Placement 
and  Development,  for  opportunities  with  STL  in  Southern 
California  or  at  Cape  Canaveral.  STL  is  an  equal  opportunity 
employer. 

@ SPACE  TECHNOLOGY  LABORATORIES.  INC. 
o  subsidiary  of  Thompson  Romo  Wooldridge  Inc. 

P.O.Box95005-F,  One  Space  Park.  Redondo  Beach.  California  •  P.O.  Box  4277,  Patrick  AFB.  Florida 
Los  Angeles  •  Vandenberg  AFB  •  Norton  AFB.  San  Bernardino  •  Dayton  •  Cape  Canaveral  •  Washington,  D.C.  •  Boston  •  Huntsville 
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The  Countdown 

WASHINGTON 

Decision  Near  on  NATO  H-Missiles 

The  time  for  a  decision  on  arming  NATO  European 
troops,  including  West  Germans,  with  nuclear-tipped 
missiles  is  almost  past.  Martin  Matadors  already  in  the 
hands  of  West  German  troops  have  a  dual  warhead 
capability.  And  by  early  next  year  the  Germans  are  ex- 

pected to  receive  their  first  Pershings — missiles  so  far 
designed  only  to  carry  nuclear  warheads.  Agitation  within 
NATO  for  a  decision  is  mounting  sharply. 

Polaris  Report  Card 

Here  is  how  the  Polaris  fleet's  ready-to-fight  record 
looks  more  than  a  year  after  the  first  Polaris  submarines 
went  on  patrol:  The  subs  on  station  have  been  ready  to 
launch  all  of  their  missiles — 16  per  ship — 95%  of  the 
time;  each  sub  has  been  ready  to  launch  15  of  its  missiles 
99.9%  of  the  time.  Meantime,  the  last  10  Lockheed 
Polarises  launched  from  submerged  subs  have  been  scored 
"completely  successful." 

Congress  and  NASA:  Round  One 

The  House  Space  Committee  expects  to  start  digging 
into  NASA's  $3.7-billion  authorization  bill  late  this  month 
amid  rumblings  that  the  people  "back  home"  aren't  sold 
on  going  to  the  moon.  There  are  also  reports  from  the 
Hill  that  some  congressmen  feel  NASA's  dollar  estimates 
were  "picked  out  of  the  air."  These  objections  are  ex- 

pected to  come  up  during  hearings  by  four  subcommit- 
tees. The  Senate  Space  Committee,  meantime,  is  readying 

hearings  on  the  Administration's  ComSat  plan  (see  p.  17). 

First  OSO  Readied 

The  first  OSO  satellite— NASA's  Orbiting  Solar  Ob- 
servatory— is  scheduled  to  be  launched  from  Cape  Ca- 

naveral this  month.  The  launching  originally  was  set  for 
late  last  year.  However,  the  program  slipped  because  an 
experiment  being  prepared  for  the  satellite  by  the  Uni- 

versity of  Colorado  was  not  ready. 

Navy  Drives  for  Full  Magazines 

The  Navy  missile  procurement  goal  for  calendar  1962 
is  to  fill  the  magazines  of  all  missile-launching  ships  of 
all  classes  in  the  Fleet  by  next  December.  Total  missile 
launching  ships  in  the  Navy  to  date:  30.  Total  planned  by 
next  December:  39.  The  figure  for  December  includes 
a  total  of  nine  Polaris  subs. 

Nike  Strength  Around  the  World 

The  latest  figures  on  worldwide  deployment  of  nine- 
launcher  batteries  of  Western  Electric  Nike-Ajax  and 
Nike-Hercules  batteries  show  there  are  more  than  250  in 
continental  United  States,  more  than  50  overseas  manned 
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by  U.S.  forces.  Nike-Hercules  batteries  now  are  estimated 
to  number  more  than  250.  All  Ajax  batteries  are  sched- 

uled to  be  converted  to  second-generation  Hercules  mis- 
siles this  year. 

INDUSTRY 

Motorola  Gets  Key  Nod 

NASA  has  tapped  Motorola  for  the  major  job  of 
developing  the  Goddard  range  and  rate  tracking  system. 
Significance  behind  the  $3 -million  contract:  The  system 
will  play  a  big  role  in  NASA's  future  satellite  tracking 
in  near  space  and  deep  space.  The  Motorola  equipment 
will  be  mounted  in  small  lightweight  trailers  so  that  it 
can  be  moved  easily  to  various  locations. 

R&D  Intelligence 

Lockheed  Missiles  &  Space  Co.  is  developing  polar- 
orbiting  satellite  instrumentation  for  the  Office  of  Naval 
Research  to  investigate  what  causes  the  aurora  borealis 
.  .  .  Scientists  at  Oak  Ridge  Biology  Labs  believe  photo- 
synthetic  changes  in  bacteria  may  be  electronically  acti- 

vated .  .  .  Yttrium  iron  garnet  has  been  found  by  Bell 
Telephone  Labs  to  be  exceptionally  efficient  as  both  a 
transmitter  and  transducer  of  acoustic  energy  .  .  .  RCA 
has  come  up  with  a  solid  ceramic  circuit  about  one-third 
the  size  of  an  aspirin  tablet  that  is  mass-producible. 

MRBM  Gets  Moving 

The  Air  Force  Systems  Command  has  assigned  re- 
sponsibility for  developing  the  mobile  land-sea  MRBM 

to  its  Ballistic  Systems  Division.  Requests  for  proposals 
will  be  solicited  later  this  month. 

INTERNATIONAL 

Blue  Steel  Price  Rockets 

The  cost  of  developing  the  Avro  Blue  Steel  is  reported 
to  have  run  some  400%  higher  than  the  original  estimate. 
The  R&D  pricetag  on  the  air-to-surface  missile:  $170 
million.  The  original  estimate  made  in  1955:  $35  million. 

Black  Prince  Fuel  Studies 

Three  possible  fuel  combinations  are  being  studied  by 
Boelkow  and  Entwicklungsring  Nord  for  use  in  the  Black 
Prince — third  stage  of  the  European  Blue  Streak  space 
booster.  The  three  combinations:  Fluorine  and  hydrogen, 
UDMH  and  N202,  and  hydrogen  and  oxygen. 

Royal  Navy  Buys  Bullpups 

The  Royal  Navy  is  ordering  1 000  Martin  Bullpup  air- 
to-surface  missiles  for  arming  Buccaneer  strike  aircraft. 
The  Bullpups  are  expected  to  be  manufactured  in  Britain. 
Hawker-Siddeley  is  considered  to  be  the  manufacturer. 
The  RAF  may  buy  Bullpups,  but  so  far  it  has  ordered 

only  Nord  AS-30's. 9 



The  Missile  /  Space  Week 

Manned  Mercury  Shot 
Faces  Further  Delay 

The  first  U.S.  attempt  to  put  an 
astronaut  into  orbit  continues  to  slip. 

NASA  has  rescheduled  the  MA-6 
flight  for  on  earlier  than  Feb.  14 — a 
one  day  postponement  from  the  pre- 

viously announced  Feb.  13  launch 
date. 

Space  agency  officials  said  that 
results  of  a  check  on  the  Atlas  boost- 

er's fuel  system  may  force  additional 
delays.  This  could  push  the  launch 
into  the  week  of  Feb.  19. 

Meanwhile,  Air  Force  officers  de- 
nied that  the  A  lias's  fuel  system  prob- 
lems would  affect  U.S.  ICBM  capa- 

bility. 
The  fuel  system  leak  occurred 

when  high-grade  kerosene  leaked  into 
an  insulated  bulkhead  in  the  Atlas 
which  will  boost  MA-6. 

Strategic  Air  Commander  Gen. 

Thomas  S.  Power  said  that  "the  prob- 
lem referred  to  does  not  affect  SAC's 

Atlas  missile  capability." He  cited  two  reasons: 

1.  Atlas  missiles  are  fueled  only 
15  minutes  before  launch  and  daily 
checks  would  reveal  any  deterioration 
in  the  bulkhead. 

2.  Of  54  Atlas  missiles  now  com- 
bat-ready, only  27  have  bulkheads 

like  that  in  the  MA-6  booster. 
In  another  development,  Lloyds 

of  London  announced  that  it  had  been 
asked  to  insure  the  life  of  Astronaut 
John  Glenn. 

The  firm  said  that  the  policy 
worth  $95,200  was  taken  out  with  an 
American  insurance  firm  which  asked 

Lloyd's  to  reinsure  part  of  the  risk. 

Shots  of  the  Week 

The  Army  racked  up  two  more 
successes  with  the  Western  Electric 
Nike-Zeus. 

A  two-stage  bird  passed  a  flight 
test  from  an  underground  launcher 
Feb.  7  at  White  Sands  Missile  Range 
and  on  Feb.  1,  also  at  WSMR,  a 
three-stage  Zeus  went  through  a 

guided  maneuver  at  "relatively  low" altitude. 

The  Air  Force  on  Feb.  1  scored 
with  a  Boeing  Bomarc  /4  on  a  QF- 
104  drone  aircraft  over  the  Eglin 
Gulf  Test  Range  and  also  launched  a 
North  American  Hound  Dog  from  a 
B-52  over  WSMR. 

U.S.  Decision  on  H-Bomb  Tests 
Scheduled  To  Be  Made  By  March 

President  Kennedy  has  promised 
the  world  to  announce  within  a 
month  his  decision  on  whether  the 
U.S.  will  renew  nuclear  testing  in  the 
atmosphere. 

Kennedy  made  the  announcement 
at  a  news  conference  Feb.  7 — less 
than  a  week  after  Russia  detonated 
its  first  reported  underground  nuclear 
test  at  the  Soviet  Semipalatinsk  Test- 

ing Site  in  Central  Asia. 
The  underground  test — reported 

by  the  AEC  to  have  taken  place  Feb. 
2 — is  believed  to  have  topped  at  least 
20  kilotons.  The  Russians  apparently 
made  no  attempt  to  hide  the  nuclear 
explosion  by  muffling  it. 

The  nuclear  test  was  the  first  in 
Russia  since  the  end  of  the  big  Soviet 
test  series  Nov.  4.  All  of  the  last 
series  were  in  the  atmosphere. 

Red  Missile  Sub  Threat 
Seen  To  Be  Growing  Rapidly 

Top  U.S.  Navy  officials  are  re- 
newing warnings  to  Congress  and  the 

Administration  that  the  threat  to  U.S. 
coastal  areas  from  Soviet  missile  subs 
is  growing  month  by  month. 

Adm.  George  W.  Anderson,  Chief 
of  Naval  Operations,  told  the  Senate 
Armed  Services  Committee  that  the 
Russian  missile  sub  fleet  poses  a 
"positive  threat"  and  that  threat  is 
expanding. 

"As  of  now  their  capabilities  are 
limited,  but  there  is  no  reason  to 
doubt  that  before  long  .  .  .  they  will 
have  weapons  capable  of  greatly  ex- 

ceeding their  350-mile  range.  .  ." However,  officials  note  that  even 
the  range  of  350  miles  with  which  the 
Soviet  sub-launched  missiles  are  now 

credited,  much  of  America's  metro- 
politan heart  is  vulnerable. 

The  Russians  have  been  estimated 

to  have  as  many  as  30  missile-launch- 
ing submarines  in  operation — possibly 

five  to  10  of  them  nuclear-powered. 

INERTIAL  GUIDANCE 
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The  precision  to  keep 

.  an  orbital  rendezvous 

Dyna-Soar  Escape  Power 
ACCELERATION  rocket  for  Dyna-Soar 
will  be  built  by  Arde-Portland  for  Thiokol 
Chemical  Corp.  The  contracts  cover  de- 

sign and  fabrications  of  case  and  movable 
nozzles.  Unit  will  be  used  as  primary 
power  in  B-52  drop  tests  and  as  escape 
engine  for  the  glider  if  any  malfunctions 
should  occur  during  boost  into  orbit. 

The  missiles  carry  nuclear  war- 
heads. However,  Navy  experts  believe 

the  subs  must  surface  before  launch- 
ing their  weapons. 

Rover  Contractor  Named 

The  Catalytic  Construction  Com- 
pany of  Philadelphia  was  named  last 

week  to  build  the  nuclear-rocket  de- 

velopment facilities  at  the  AEC's Nevada  Test  Site. 

A  joint  AEC-NASA  announce- 
ment said  the  firm  would  be  responsi- 

ble for  administration,  coordination 
and  inspection  of  the  construction  of 
facilities  for  the  Rover  program. 

Construction  includes  the  erection 
of  a  complex  of  facilities  including 
engine  and  stage  assembly  and  dis- 

assembly buildings,  engine  and  stage 
test  stands  and  various  other  struc- 
tures. 

It  is  expected,  the  announcement 
said,  that  the  Catalytic  Construction 
Co.  will  coordinate  and  supervise 
six  to  eight  contracts — totaling  $15,- 
000,000 — and  provide  the  architect- 
engineering  services  required  for 
them. 

Two  Vie  for  Mercury  Tracking 

NASA  will  negotiate  with  two 
companies  to  select  a  contractor  to 
operate  five  Mercury  tracking  stations. 

The  firms  are  the  Bendix  Radio 
Division  of  Bendix  Corp.  and  RCA 
Service  Co. 

The  two-year  contract  will  be 
worth  about  $10  million.  It  is  for  the 
operation  and  maintenance  of  stations 
at  Bermuda;  Grand  Canary  Is.;  Kano, 
Nigeria;  Zanzibar  and  Guaymas,  Mex. 
Also  included  is  the  test  and  demon- 

stration at  Wallops  Is.,  Va. 
Bendix  has  operated  these  stations 

for  about  a  year,  and  its  contract  will 
be  extended  until  Dec.  31,  1962.  The 
new  contract  covers  the  1963-64 

period. The  two  companies  were  chosen 
from  eight  submitting  proposals  in 
December. 

Missiles  in  Cuba 

Expected  Soon  by  U.S. 

American  intelligence  estimates 
have  openly  confirmed  for  the  first 
time  reports  that  Cuban  Dictator 
Fidel  Castro  will  soon  arm  his  Com- 

munist Army  with  missiles. 
The  Cuban  missiles  are  expected 

to  be  capable  of  striking  targets  both 
in  the  United  States  and  in  many  na- 

tions throughout  the  Caribbean  Area. 
The  official  report  said  Castro 

already  has  50  to  100  jet  fighters, 
150  to  200  medium  and  heavy  tanks 
and  500  to  1000  artillery  pieces. 

It  said  that  the  missiles  and  pos- 
sibly some  bombers  are  expected  to 

be  provided  by  Russia  in  the  near 
future. 

JFK  Lauds  Equal  Job  Signers 

President  Kennedy  last  week 
praised  3 1  defense  contractors  as  they 
signed  guarantees  to  provide  equal 
job  opportunities  in  their  plants. 

Twenty-one  firms  signed  the 
pledge  earlier. 

The  chief  executive  said  dropping 
the  bars  on  discrimination  was  "an 
important  blow  for  progress  .  .  .  and 

the  private  enterprise  system." 
The  latest  guarantees  were  signed 

by:  American  Machine  &  Foundry, 
Bendix,  Burroughs,  Chrysler,  Collins 
Radio,  Continental  Motors,  Curtiss- 
Wright,  Ford,  Garrett  Corp.,  General 
Motors,  Goodyear  Tire  &  Rubber, 
Grumman,  Hercules  Powder,  IBM, 
International  Harvester,  ITT,  Kaiser, 
McDonnell,  Minneapolis-Honeywell, 
Newport  News  Shipbuilding  &  Dry 
Dock,  Pan  American,  Philco,  Ray- 

theon, Republic  Aviation,  Ryan.  San- 
ders Associates  Inc.,  Socony  Mobile, 

Sperry  Rand,  Texas  Instruments,  Tex- 
tron Inc.,  and  Thiokol. 

Genisco  offers  a  complete  line  of 
acceleration  test  equipment  — 
standard  and  special  models, 
from  low  speed  rate  -  of  -  turn 
tables  for  gyro  production  to 
high  -  precision  special  design, 
electronically  controlled  50-foot 
diameter  centrifuges.  Reliability 
of  more  than  100  times  other 

rotating  equipment  is  assured  — accuracy  to  one  part  in  100,000 
over  range  of  1.0  to  12.5  G's with  25-G  maximum. 

Shown  above  is  one  of  Genisco's  well known  931  Series  centrifuges,  extremely 
precise,  electronically  speed-controlled units  for  research  and  development  as 
well  as  production  test  applications. 
Fixed  mounting  platform  (25  lb.  max. 
load),  and  outboard  table  (10  lb.  max. 
load),  with  .001%  allowable  drift 
achieved  through  crystal-controlled  os- cillator for  setting  accuracy. 

emsco 
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Titanium  roll-forged  parts  prior  to  welding  into  body-sections  of  Minuteman  casings  at  Lycoming  Division  of  the  Avco  Corporation. 

In  Minuteman  second  stage 

I  Titanium  j  rocket  case  reduces  weight  30%, »  1 

boosts  rigidity  and  reliability 

Aerojet  General  Corporation  has  selected 
titanium  for  second  stage  Minuteman 
rocket  motor  cases  as  the  fastest,  most 
economical  and  reliable  way  of  reducing 
the  inert  weight  of  this  massive  part. 

Light-weight  titanium  (density  0.163 
lb./cu.  in.)  can  be  used  in  section  sizes 
which  prevent  buckling  failures.  To 
achieve  equal  buckling  resistance,  use  of 
steel  would  impose  a  30%  weight  penalty. 

Titanium  is  immune  to  atmospheric 
corrosion. 

High  strength-to-weight.  Titanium  al- 
loy grade  Ti-6A1-4V  is  heat  treatable  to 

160,000  psi  tensile  strength,  with  elon- 
gation in  the  range  of  10  to  15%.  Its 

voidability  and  total  reliability  is  demon- 
strated both  in  elevated  temperature  ap- 

plications (including  7000  jet  engines) 
and  cryogenic  temperature  applications 
(including  4000  pressure  vessels). 

Applicable  to  current  programs... 
Ample  titanium  mill  capacity  and  the 
network  of  fabricators  experienced  in 
handling  this  grade  guarantee  a  steady 
supply  of  parts  should  the  program  be 
accelerated.  Since  steel  tooling  and  test- 

ing technologies  are  largely  applicable, 
titanium  has  been  introduced  into  the 

Minuteman  program  with  no  schedul- 

ing penalties. 
Decreasing  cost.  The  completed  tita- 

nium cases  cost  slightly  more  than  the 
alternate  steel  versions — but  the  differ- 

ential vanishes  under  the  impact  of  the 
30  percent  weight  reduction  titanium 

provides. 
Ease  of  fabrication.  Titanium  is  not  as 
sensitive  to  weld  porosity  as  steel.  There 
is  no  need  for  pre-  or  post-heating  of 
the  titanium  weld  area. 

How  to  use  TMCA  information  re- 
sources ...  if  you  need  information 

on  titanium  fabrication  techniques  or 

competent  fabricators,  write  TMCA's Technical  Service  Department. Titanium 
can  solve  your  weight  problems. 

•.,® 

TIMET 
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CORPORATION  OF  AMERICA 
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On  other  programs  too  .  .  . 

Centaur  Slippage  Drag  on  Apollo 

Eight  months  delay  from  first  firing  means  that 

Surveyor  shots  designed  to  gather  data  on  lunar  surface 

and  environment  can't  be  made  before  '64  at  best 

by  Hal  Taylor 

OFTEN  BRIDESMAID— Centaur  atop  its 
Atlas  booster  at  Cape  Canaveral. 

DELAYS  IN  NASA'S  Centaur 
launch  vehicle  program  are  putting  a 
big  crimp  in  planning  for  the  U.S. 
manned  lunar-landing  program. 

Two  launches  of  the  lunar  soft-land- 
ing Surveyor  spacecraft — designed  to 

provide  needed  information  on  the  lunar 
surface  and  environment — have  been 
pushed  back  one  year  because  of  Cen- 

taur's unavailability. 
Centaur  was  to  have  flown  for  the 

first  time  in  June,  1961.  The  launch 
date  was  slipped  repeatedly  while  igni- 

tion problems  were  overcome.  The  new 
date  this  month  or  early  in  March. 
Delays  this  year  have  been  caused  by 
difficulties  with  GSE  and  instrumenta- 

tion of  the  vehicle. 
First  scheduled  to  go  in  1963,  the 

moon  shots  have  been  postponed  until 
at  least  1964.  This  means  that  NASA — 
already  heavily  engaged  in  developing 
the  Apollo  spacecraft  and  its  environ- 

mental control  system — will  have  no 
detailed  information  on  the  moon  until 
shortly  before  the  planned  lunar  land- 

ing in  1967. 
Other  space  projects  have  also  been 

pushed  back  or  scaled  down  because  of 
the  Centaur  lag.  These  include  the 
Army's  Advent  communications  satel- 

lite and  the  space  agency's  series  of interplanetary  flights  with  the  Mariner 
spacecraft. 

NASA  officials  continue  to  express 
confidence  in  its  liquid  hydrogen-oxygen 
space  vehicle  which  will  be  used  as  an 
upper  stage  on  the  Atlas  and  Saturn 
boosters. 

•  Reassessment  threat — They  deny 
reports  that  the  program — into  which 
NASA  will  have  poured  over  $200  mil- 

lion by  the  end  of  Fiscal  1963 — will  be 
dropped.  It  is  clear,  however,  that  if 
more  troubles  develop  during  the  first 
launches  this  year  it  may  be  thrown  on 
the  scrap  pile. 

In    addition,    heavy  congressional 

criticism  which  is  certain  to  crop  up 

during  hearings  on  NASA's  programs 
in  the  next  few  weeks  may  force  fur- 

ther evaluations  of  its  potentialities. 
There  are  two  reasons — one  which 

might  be  termed  optimistic,  the  other 
pessimistic — for  the  continued  reliance 
on  Centaur  by  NASA  and  DOD  offi- cials. 

—Even  though  it  has  been  oft-de- 
layed, Centaur  is  due  to  make  its 

maiden  trip  shortly.  (On  paper,  it  is 
slated  to  go  from  Cape  Canaveral  this 
week,  but  a  one-  or  two-week  slippage 
is  almost  certain.) 

—There  is  no  upper  stage  now — 
nor  will  there  be  in  the  foreseeable 
future — which  will  have  the  thrust  or 
capability  of  performing  Centaur  mis- 

sions. The  only  similar  vehicle  now  in 
existence  is  the  Agena  B.  This,  how- 

ever, has  a  thrust  of  only  15,500  lbs., 

compared  to  Centaur's  30,000  lbs. While  advanced  Agenas  are  on  the 
drawing  board,  none  will  have  Cen- 

taur's boosting  power.  In  addition, 
Centaur  has  a  multiple  restart  capabil- 

ity— essential  for  deep  orbital  and  in- 
terplanetary flights  with  unmanned 

scientific  spacecraft. 

•  No  precedent — Centaur's  prob- 
lems in  the  past — and  to  some  extent 

at  the  present  time — stem  principally 
from  the  huge  advancement  in  the  state 
of  the  art  which  it  represents.  It  is  the 
first  U.S.  launch  vehicle  which  will  burn 
liquid  hydrogen — a  fuel  that  provides 
30%  greater  performance  than  conven- 

tional liquid  rocket  fuel,  a  refined  form 
of  kerosene. 

Liquid  hydrogen  and  liquid  oxygen, 
its  other  fuel  component,  are  not  hyper- 
golic.  An  ignition  system  is  required, 
and  most  of  Centaur's  problems  stem 
from  the  simultaneous  ignition  of  its 
two  engines. 

It  is  believed  now  that  these  prob- 
lems have  been  solved.  President  Ken- 
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NASA  Launch  Vehicles 

Thrust  (in Max. 
LI      ■     Li    1   — _ 
Height  Less Payload  (Lbs.) 

Vehicle Stages Propellant 
Thousands 
of  pounds) 

Dia. 
(Feet) Spacecraft 

(Feet) 
345  mile 

orbit 

Escape Planetary First  NASA 
Launch 

REDSTONE 
7. 

Redsfone 

LOX/ALCH***** 

78 

5.9 83 Ballistic I960 
SCOUT 

7. 
2. 
3. 4. 

Algol  {Aerojet  Senior) 
Costor  (XN-33-20) 
Anfores  (X-254) 
Alfoir  (X-248) 

Solid 
Solid 
Solid 
Solid 

98 
48 

7  3.6 
2.8 

3.3 

65 

7  50 
7/1/60 

DELTA 7. 
2. 

3. 

Thor  (DM- 7  9) 
AJ70-1I8 

(Improved  AJ7  0-42) Alfoir  (X248) 
LOX/RP* 
WIFNA/UDMH** 
Solid 

150 

7.7 2.8 
8.8 77 500 

60 

5/13/60 

THOR-AGENA  B 7. 
2. 

Thor 
Ageno  8 

LOX/RP* IRFNA/UDMH*** 

765 
16 

8 

80 1,600 

1962 

ATLAS  D 7. Atlas  D 

LOX/RP* 
367 

10 

72 
2,700 

1  960 

ATLAS-AGENA  B 7. 
2. 
3. 

Alias  D 
Alios  D  Sustainer 
Ageno  B LOX/RP* 

LOX/RP* 
IRFNA/UDMH** 

367 

80 

16 10 

98 
5,000 

750 400 1967 

TITAN  II 7. 
2. 

tR-87 
IR-97 

Storable  Liquids 
Storable  Liquids 

430 

100 
10 

90 

N/A N/A N/A 7  963 

CENTAUR 
7. 2. 

3. 

Alias  D 
Atlas  D  Sustainer 
Centaur LOX/RP* 

LOX/RP* 

LOX/H.**** 

367 
80 

30 

10 105 

8,500 2,300 7,300 
7967 

SATURN  C-l 
7. 
2. 

S-7  (8  Cluster  H-l) 
S-IV  (6  Cluster  A-3) 

LOX/RP* 
LOX/H2**** 

1,500 

90 

21.6 125 
20,000 7  stage  1961 2  stage  1963 

ADVANCED  SATURN 7. 2. 

3. 

S-IB  (5  Cluster  F-l) 
S-ll  (5  Cluster  J-2) 
S-IVB  (One  J-2) 

LOX/RP/* 

LOX/H/*** 
LOX/H2**** 

7,500 
1,000 200 

33 275 200,000 85,000 60,000 
1965 

NOVA 7. 
2. 

3. 

N-7  (8  Cluster  F-7) 
N-ll  (4  Cluster  M-l) 
N-lll  (One  J-2) LOX/RP* 

LOX/H,**** 
LOX/H.**** 

12,000 

4,800 200 

50 280 350,000 150,000 1000,00 

'Liquid  Oxygen /Kerosene  like  Hydrocarbon 
'While  Fuming  Nitric  Acid/Uns/mmetricol  Dimethylhydrazine 
'Inhibited  Red  Fuming  Nitric  Acid/ Unsymmetrical  Dimethylhydrazine 

""Liquid  Oxygen/Liquid  Hydrogen ""Liquid  Oxygen/ Alcohol 
N/A  Not  Available 

nedy  in  his  report  to  Congress  on  U.S. 
space  activities  said,  "During  1961,  a 
Centaur  ignition  fault  that  had  caused 
a  series  of  explosions  on  the  test  stand 
was  corrected. 

"Recent  static  runs  give  assurance 
that  the  engine  is  now  qualified  for 
flight  testing,  for  which  final  prepara- 

tions were  under  way  at  Cape  Can- 
averal as  the  year  ended",  the  President said. 

•  Setbacks — Nevertheless,  the  first 
launch  of  the  vehicle  slipped  into  1962. 
As  space  agency  officials  prepared  for 
a  launch  in  the  near  future,  they  re- 

ported that  most  of  the  current  diffi- 
culties are  minor. 

They  cited  completion  of  instru- 
mentation wiring,  and  slight  GSE  and 

vehicle  problems. 
It  is  true,  however,  that  the  delay 

has  forced  NASA  to  curtail  the  Centaur 
test  program  over  the  next  two  years, 
at  least. 

Only  four  launches  have  been  sched- 
uled for  1962.  Earlier  planning  called 

for  six  shots.  In  addition,  at  least  three 
and  probably  all  four  of  the  launches 
this  year  will  have  no  payload. 

Instead,  each  will  carry  only  TV 
14 

cameras  and  heavy  instrumentation. 
In  1963,  only  three  shots  are  on  the 

schedule,  but  each  is  now  slated  to 
carry  a  payload.  Two  of  the  launches 
will  boost  the  Advent  communications 
satellite  into  orbit.  The  other  will  be 
the  first  Centaur-boosted  Mariner  shot. 

Two  Mariner  spacecraft,  designed 
to  go  into  a  long  interplanetary  trajec- 

tory which  would  carry  them  into  the 
vicinity  of  Venus,  were  originally  sched- 

uled for  mid-August  this  year.  Because 
of  the  Centaur's  problem,  a  switch  to 
the  Agena  B  was  necessitated.  This  cut 
down  the  spacecraft's  size  from  over 1000  lbs.  to  750.  The  Advent  satellites 
scheduled  for  this  year  will  also  use  the 
Atlas-Agena  B  combination. 

No  payload  requirements  for  Cen- 
taur are  now  on  NASA's  1964  flight 

schedule.  Under  study,  however,  are 
the  Surveyor  launches  and  two  Mariner 
probes  to  Mars  and  Venus.  If  the 
Centaur  is  not  ready,  it  is  likely  that 
these  will  either  be  scaled  down  so  that 
the  Agena  B  can  be  used  or  that  a 
Saturn  launch  vehicle  will  be  substi- 

tuted. The  latter  1.5-million-lb. -thrust 
booster  is  expected  to  become  opera- 

tional in  1964. 

•  Key  to  Apollo's  progress  —  The 
importance  of  Surveyor  to  the  Apollo 
program  is  unquestioned.  Following  the 
Ranger  spacecraft  lunar  hard-landing 
series,  it  is  designed  to  soft-land  on  the moon. 

The  experiments  and  the  informa- 
tion they  will  provide  includes: 
—Soon  after  the  landing,  a  drill 

will  be  deployed  which  will  break  the 
lunar  surface  and  distribute  it  to  vari- 

ous instruments  for  analysis. 
—A  one-hour  TV  survey  will  be 

carried  out  by  X-ray  fluorescence  spec- 
trometer, a  neutron  activator,  a  mass 

spectrometer  and  a  gas  chromatograph 
for  detection  of  organic  molecules. 

—Surface  physical  analysis  will  be 
conducted  by  a  densitometer,  thermal 
and  electrical  conductivity  instruments, 
sound  speed  measurements,  and  the 
television  systems. 

—Local  subsurface  properties  to  a 
depth  of  5  ft.  will  be  analyzed  by  the 
X-ray  spectrometer  and  neutron  activa- 

tion instrument  in  the  hole  made  by 
the  drill. 

—Lunar  structure  will  be  examined 
by  a  three-axis  seismometer  and  a  grav- 
imeter.  8 
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At  Texas  A&M  .  .  . 

Satellite  Engineering  Course  Planned 

Pilot  course  to  be  set  up  under  agreement  with  NASA 

and  directed  by  Aero  Geo  Astro  may  help  solve  critical  problems 

A  COURSE  IN  the  practical  engi- 
neering aspects  of  space  satellites  will 

be  developed  by  Texas  A&M  College 
under  an  agreement  with  the  National 
Aeronautics  and  Space  Administration. 

Texas  A&M  is  in  the  process  of  or- 
ganizing the  course  with  the  aid  of  Aero 

Geo  Astro  Corp.  Dr.  E.  A.  Wolff,  staff 
consultant  with  A.G.A.,  will  direct  the 
course. 

Rep.  O.  E.  Teague  (D-Tex.),  Chair- 
man of  the  House  Space  Committee's 

Subcommittee  on  Manned  Space  Flight, 
said  the  course  ".  .  .  could  be  a  fore- 

runner of  a  greatly  expanded  program 
by  NASA  aimed  at  providing  intensive 
training  in  space  technology  for  engi- 

neering graduates  entering  the  space 
field." 

The  course  consists  of  nine  two- 
week  units  covering  environment, 
electronic  components,  fabrication  tech- 

niques, detectors  and  sensors,  orienta- 
tion and  control,  power  sources,  tele- 

metry, structures,  and  spacecraft  in- 
tegration. 

K.  S.  Kelleher,  president  of  A.G.A., 
an  Alexandria,  Va.,  firm,  said  the 
prime  objective  will  be  to  acquaint  the 
students  with  the  basic  hardware  prob- 

lems and  techniques  involved  in  the 
construction  of  a  payload.  Equipment, 
guidance  and  some  visiting  lecturers  will 

be  supplied  under  a  $50,000  contract 
Texas  A&M  is  negotiating  with  A.G.A. 

NASA  is  extremely  interested  in  this 
pilot  effort  and  hopes  to  tie  it  in  with 
the  current  recruitment  drive.  The 
course  will  run  through  the  current 
semester  at  A&M,  with  students  drawn 
from  fourth-year  undergraduates,  in- 

structors and  graduate  students. 
•  Broad  effect  —  The  potential  is 

much  greater  than  the  original  pilot 
course  indicates.  NASA  feels  there  is 
a  vast  amount  of  technical  knowledge 
going  to  waste  in  U.S.  colleges  and 
universities. 

A  large  number  of  graduate  pro- 
grams are  in  being,  but  very  few  of 

these  are  designed  to  train  engineers  in 
the  highly  special  skills  involved  in 
space  technology. 

Indications  of  this  weakness  have 
shown  up  in  the  design  of  many  space 
experiments  aimed  at  securing  specific 
information  during  a  flight.  Some  of 
these  simply  fell  apart  during  such 
standard  environmental  checks  as  vibra- 
tion. 

The  hard-won  experience  gained 
by  industry  and  government  teams  has 
not  filtered  back  to  the  academic  stages 
— with  the  result  that  engineers  fresh 
from  school  cannot  be  efficiently  util- 

ized.   And  the  job  of  training  them 

simply  pulls  more  highly  trained  per- 
sonnel away  from  specific  program 

tasks. 
The  A&M  effort  is  the  beginning  of 

what  may  prove  to  be  a  solution. 
Kelleher  says  the  program  might 

easily  evolve  to  the  point  where  indus- 
trial firms  will  be  sending  their  engi- 

neers for  additional  training,  refresher 
courses  or  just  plain  familiarizing. 

Aero  Geo  Astro  will  be  applying 
the  results  of  extensive  experience  in 
space  vehicle  problems.  The  firm, 
founded  in  1958,  is  currently  at  a  $6- 
million  level,  with  most  of  its  output 
going  into  NASA  and  Navy  projects. 

Sales  includes  about  40%  propri- 
etary items  in  flight  telemetry,  com- 
mand receivers,  power  supplies,  anten- 

nas and  radio  transponders.  A.G.A. 
has  participated  in  such  programs  as 
Mariner  A,  TRAAC,  Imp,  Atlas  Able  I, 
Transit,  Tiros  HI,  Echo  A-12,  OGO, 
EOGO,  POGO,  OAO  and  some  mili- 

tary systems  including  Bomarc  and 
Polaris. 

Texas  A&M  will  be  receiving  a  total 
of  about  $250,000.  Some  of  this  will 
go  for  specific  graduate  experiments 
and  basic  research.  About  30%  will 
finance  the  pilot  course,  which  includes 
both  the  A.G.A.  contract  and  involve- 

ment of  A&M  facilities. 

Titan  II  Arrives  at  the  Cape 

SHROUDED  in  its  traveling  "jacket,"  a  Martin  Titan  II  makes  isn't  expected  to  be  unveiled  to  the  public  until  it  is  launched — - 
its  first  appearance  at  Cape  Canaveral.  The  big  Air  Force  ICBM       probably  in  mid-March. 
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U.S.  May  Put  More 

Wraps  on  DOD  Satellites 

Proposed  Administration  plan  would  identify  most  military 

satellites  only  by  Greek  letters;  fear  of  Red  attack  seen 

THE  KENNEDY  Administration  is 
weighing  a  new  plan  designed  to  ob- 

scure military  satellite  and  spacecraft 
launchings  in  far  greater  secrecy. 

To  date  no  final  orders  are  reported 
to  have  been  issued  to  the  military 
services  by  the  Defense  Department. 
However,  the  issuing  of  the  orders  is 
understood  to  have  been  delayed  only 
because  of  some  strong  internal  service 
opposition. 

In  general,  the  proposed  order  would 
direct  the  military  services  to  identify 
most  of  their  satellites  only  by  the 
Greek  letters  and  dates  that  have  always 
been  assigned  to  each  object  placed  in 
orbit. 

For  example,  when  the  Samos  II 
reconnaissance  satellite  was  launched 
into  orbit  on  Jan.  31,  1961,  it  was  of- 

ficially named  1961  Alpha  1  because 
it  was  the  first  satellite  to  be  placed  in 
orbit  last  year. 

Under  the  proposed  plan,  Samos  11 
would  never  be  identified  in  any  other 

way  than  as  1961  Alpha  1.  Very  little 
or  no  pre-launching  information  would 
be  released. 

The  Administration  has  been  mov- 
ing in  this  direction  for  some  time 

in  connection  with  military  satellite 
launchings.  The  word  Samos  itself  has 
fallen  under  a  ban.  The  word  Midas, 
code  name  for  the  early  warning  satel- 

lite system  under  development,  has  gen- 
erally been  expected  to  be  next. 

The  trend  indicates  the  Administra- 
tion's growing  concern  that  Russia  may 

decide  to  take  offensive  action  against 
U.S.  military  satellites — action  that  is 
generally  considered  to  be  technically 
feasible  today. 

•  Aware  of  Greeks — On  the  other 

hand,  critics  of  the  Administration's 
proposal  contend  that  the  use  of  Greek 
letters  is  scant  protection  for  military 
satellites.  The  critics  point  out  that 
Russian  space  trackers  can  pin-point  the 
orbits  of  unidentified  satellites  labelled 
only  with  Greek  letters  just  as  well  as 

they  can  those  with  more  explicit  names. 
Since  NASA  would  continue  to  identify 
its  satellites  by  both  letters  and  names, 
the  military  satellites  would  be  rather 
evident. 

Finally,  the  critics  content  that  Rus- sia has  drawn  no  distinction  between 

many  so-called  "peaceful"  satellites  such 
as  the  Tiros  weather  satellites,  and  "mili- 

tary" satellites  such  as  Midas. 
•  Background — One  important  fac- 
tor involved  in  the  satellite-naming  busi- 

ness is  the  U.S.  proposal  in  the  United 

Nations  urging  that  all  nation's  identify satellite  launchings. 
The  proposal  ■ —  approved  by  the 

General  Assembly's  Political  Commit- 
tee last  December — appeared  to  be  in 

direct  conflict  with  the  Administration's 
policy  on  various  recent  satellite  shots. 

In  two  instances  late  last  year,  the 
Air  Force  launched  unidentified  satel- 

lites from  Pt.  Arguello,  Calif.  Each  time 
the  Air  Force  was  forbidden  to  disclose 
the  identity  of  the  satellite  or  whether 
the  satellite  went  into  orbit.  Both  satel- 

lites were  believed  to  have  been  Samoses. 

The  proposed  new  plan  would  mod- 
ify the  procedure  used  in  these  cases 

only  to  the  extent  that  the  satellites  if 
placed  in  orbit  would  receive  Greek 
letter  names.  Some  vague  descriptive 

phrase  such  as  "research  and  develop- 
ment" also  might  be  added. 

Another  important  factor  involved 
in  satellite  identification  is  where  Russia 
stands  in  the  development  of  a  satellite 
inspection  system  designed  to  deter- 

mine the  nature  of  satellites  by  other 
satellites.  Development  of  such  a  sys- 

tem by  Russia  would  make  any  pro- 
gram of  secrecy  by  code  letter  obsolete. 

Technique  Makes  Inflatable  Structures  Self-rigidizing 
INFLATABLE  space  structures  can 

be  made  self-rigidizing  through  a  proc- 
ess being  developed  at  Westinghouse 

Electric  Corp. 
The  vacuum  of  space  is  used  to  re- 

move a  softening  agent  through  the 
mechanism  of  an  extracting  liquid. 
Westinghouse  scientists  are  experiment- 

ing with  fiberglass  fabrics  as  the  mate- 
rial base.  Special  coating  formulas  are 

added  to  form  a  barrier  in  the  porous 
surface,  permitting  inflation. 

These  coatings  also  contain  a  plas- 
ticizer  which  acts  as  a  softening  agent 
and  allows  the  structure  to  be  com- 

pactly folded.  After  erection,  the  ex- 
tracting liquid  evaporates  into  space, 

taking  the  plasticizer  with  it.  The  re- 
maining coating  composition  provides 

the  structural  strength. 
Applications  include  communica- 

tions antennas  or  solar  reflectors.  The 
work  is  a  joint  project  with  the  Air 
Force's  Aeronautical  Systems  Division. 

IN  FLA  TION  in  a  vacuum  chamber  is 
caused  by  the  vapors  evaporating  from  the 
inside  of  the  sphere.  The  structure  stif- 

fens within  a  few  hours. 

CUTTING  a  circular  section  from  the 
sphere  leaves  the  unit  structurally  intact. 
Westinghouse  is  also  studying  the  con- 

cept's load-carrying  capabilities. 
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Hints  from  the  Hill 

JFK's  ComSat  Bill  Looks  Like  Winner 

Proposal  for  private  operation  under  public  ownership 

expected  to  win  support  of  majority  of  membership  in  both  houses 

QUICK  congressional  approval  is 
being  forecast  for  Kennedy  Administra- 

tion legislation  to  establish  a  communi- 
cations satellite  system  under  a  plan 

providing  broad  public  ownership. 
The  measure  sent  to  Capitol  Hill 

last  week  would  set  up  a  private  profit- 
making  corporation  to  operate  the  Com- 

Sat system.  There  would  be  safeguards 
to  prevent  any  one  firm  or  individual 
from  getting  monopolistic  control. 

President  Kennedy  in  a  message 
hailed  his  proposal  as  one  of  "immense 
long-range  importance." 

The  bill  is  tailored  along  the  lines 
of  a  plan  offered  by  missile/ space  indus- 

try opponents  of  a  Federal  Communica- 
tions Commission  proposal  to  permit 

international  communications  carriers  to 
operate  and  control  ComSats. 

Two  types  of  common  stock  would 
be  offered  for  sale  under  the  Kennedy 
bill.  Class  A — with  a  total  capitaliza- 

tion of  $1  billion — would  be  sold  to  the 
general  public  and  have  voting  rights 
and  earn  dividends.  Class  B  stock  would 
be  open  for  sale  only  to  communication 
carriers,  have  no  voting  rights  and  earn 
no  dividends. 

To  prevent  monopoly  control,  the 
legislation  provides  that  no  individual 
can  own  more  than  15%  of  the  total 
Class  A  stock.  In  addition,  individual 
stockholders  and  firms  can  vote  for 
only  two  of  the  9-to-13-member  Board 
of  Directors. 

•  Broad  appeal — Dr.  Edward  C. 
Welsh,  executive  secretary  of  the  Na- 

tional Space  Council  and  author  of  the 

bill,  said  ".  .  .  it  ought  to  get  a  great 
deal  of  support." He  cited  two  reasons: 

—Balanced  approach — "It  provides 
for  all  the  advantages  of  private  enter- 

prise while  allowing  the  government  to 
exercise  control  sufficient  to  protect 
both  the  national  and  international 
interests." 

—Minority  opposition — "Only  a  mi- 

nority of  congressmen  and  senators  will 
oppose  it  because  they  support  govern- 

ment ownership  of  the  system,  and  a 
few  more  will  oppose  it  because  they 
favor  ownership  by  communications 

carriers  only." 
Dr.  Welsh's  views  were  echoed  by 

other  Administration  officials.  They 
added  that  the  measure  will  be  even 
more  palatable  because  it  permits  com- 

munication carriers  to  charge  some  of 
their  investment  in  the  corporation 
against  the  companies'  rate  base.  This, 
they  claimed,  was  one  of  the  main 
reasons  why  communication  carriers 
wanted  ownership  restricted  to  them- 
selves. 

There  were  also  indications  from 
Congress  itself  that  the  legislation  will 
receive  a  hospitable  reception.  The  Sen- 

ate Space  Committee  scheduled  public 
hearings  on  the  bill  for  Feb.  26.  Com- 

mittee Chairman  Robert  Kerr  (D-Okla.) 
has  already  introduced  legislation  re- 

stricting ownership  to  communication 
carriers.  He  said,  however,  that  he  is 
"not  committed  to  support  of  the  bill, 
and  willing  to  listen  to  other  versions." 

On  the  House  side.  Space  Commit- 
tee Chairman  Rep.  George  Miller  CD- 

Calif.)  has  introduced  similar  legisla- 
tion, but  committee  sources  said  it  is 

simply  a  vehicle  to  give  the  committee 
sufficient  jurisdiction  to  hold  hearings. 

•  Trouble  spots  —  However,  con- 
gressional sources  say  there  are  two 

sections  in  the  bill  which  could  run  into 
trouble.  One  of  these  provides  that  the 
President  be  empowered  to  designate 
incorporators  who  will  arrange  for  the 
initial  stock  offering.  Many  congress- 

men are  likely  to  feel  that  this  authority 
should  be  vested  in  the  Federal  Com- 

munications Commission. 
The  other  section  establishes  a  Di- 

rector of  Telecommunications  Planning 
— a  new  post  to  be  established  in  the  Of- 

fice of  Emergency  planning  which  will 
coordinate  and  manage  the  telecom- 

munications resources  of  the  country. 
This  no  doubt  will  raise  the  ire  of 

congressmen  who  oppose  further  Fed- 
eral control  of  business. 

But  the  Administration  bill  also  has 
two  other  attractive  features : 

—Its  call  for  the  public  sale  of  all 
stock  and  a  total  capitalization  of  over 
SI  billion  makes  it  almost  certain  that 
no  Federal  subsidy  will  be  necessary. 

—Most  congressmen  are  aware  that 
communication  satellite  development  is 
the  one  area  in  space  where  the  U.S. 
has  an  apparent  lead  over  Russia.  They 
are  unlikely  to  oppose  the  system,  be- 

cause this  would  kill  all  U.S.  chances 
of  reaping  the  prestige  which  will  come 
to  the  first  country  which  establishes  a 
world-wide  system  of  satellite  traffic. 

•  Ground  rules — Other  major  pro- 
visions of  the  Administration  bill: 

—One  million  shares  of  Class  A 
stock  will  be  issued  at  a  price  of  SI 000 
each.  No  price  was  set  for  the  10,000 
shares  of  class  B  stock,  but  it  will  prob- 

ably be  pegged  high  to  discourage  excess 

purchases. —The  Federal  Communications 
Commission  can  require  any  communi- 

cation carrier  which  owns  Class  A  or 
Class  B  stock  to  sell  a  number  of  shares 
to  other  communication  carriers. 

—The  corporation  will  plan,  initiate, 
construct,  own,  manage,  and  operate 
itself  or  in  conjunction  with  foreign 
governments  or  business  entities  a  com- 

mercial satellite  system. 
—The  corporation  shall  not  enter 

into  negotiations  with  any  foreign  gov- 
ernment or  international  agency.  The 

Department  of  State  will  conduct  or 
supervise  such  negotiations  and  will  ap- 

prove or  disapprove  all  such  agreements. 
—NASA  will  assist  the  corporation 

in  its  research  and  development  pro- 
gram and  furnish  to  it,  on  a  reimbursa- 

ble basis,  satellite  launching  and  associ- 
ated services  required  for  establishment, 

operation  and  maintenance.  8 
missiles  and  rockets,  February  12,  1962 17 



HOW  6  TRANSISTORS  CAN  WORK 

7  TIMES  HARDER  WITH  ONLY  HALF  TRYING 

Sound  like  a  riddle?  Well,  it  was  .  .  .  almost.  Here's  the  story. 
Delco  Radio  engineers  wanted  to  build  a  precision  static  inverter 
that  was  smaller,  simpler,  lighter,  more  economical  and  con- 

siderably more  powerful  than  previous  models. 

Research  hit  on  the  idea  of  current  feedback.  Following  this 
principle,  the  engineers  designed  an  amazing  in- 

verter using  only  6  transistors.  Transistor  utilization 
is  stepped  up  7  times,  yet  the  transistors  work  at 
less  than  50%  of  their  capacity,  run  cooler,  last  longer. 

SEE  YOU  AT  IRE  SHOW,  BOOTH  1423 
DELCO 

RADIO 

(a  report  from  Delco  Radio) 
This  new  Delco  250  VA  power  supply  converts  28  volts  DC  to 
115  volts,  400  cps.  Its  circuits  are  a  model  of  simplicity. 

The  unit  is  designed  for  continuous  full-load  operation  at  71 
degrees  C.  still  air,  yet  weighs  only  10  lbs.,  measures  6!4"x73/8"x  5". 
A  minimum  of  components  assures  extra-high  reliability. 
The  250  VA  Static  Inverter  is  practical  hardware  today,  awaiting 

your  inquiry.  Delco  Radio  may  be  able  to  solve  your 
problem  in  miniaturization,  modules,  inverters  or 
converters,  too.  Write  to  Delco  Radio  Military  Sales 
Department,  Kokomo,  Indiana. 
Division  of  General  Motors  •    Kokomo,  I ndiana 
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ALL  THE  PERFORMANCE  YOU  WANT 

FOR  JUST  $1200  PER  MONTH 

Microsecond  speed ...  solid  state  reliability ..  .full 

{}.  i  complement  of  peripheral  equipment. ..software- 

features  you  expect  only  in  large  scale  computers 

— available  in  the  pb250  at  the  lowest  rental  in  the 

industry.  Lowest  purchase  price,  too  — $40,000.  Write, 

/'  wire,  or  phone  for  Bulletin  SP  100A. 



Opportunities  for: 

Aerospace 

Vehicles  Engineers 

The  Aerospace  Vehicles  Laboratory  of  the  Space  Systems  Division  has  openings  for  nearly 
one  hundred  engineers  who  have  experience  in  stress,  structures,  propulsion,  mechanisms, 
control  systems,  equipment  installation  or  heat  transfer  which  can  be  applied  to  advanced 
aerospace  weapons  systems  or  vehicles.  The  Aerospace  Laboratory  is  concerned,  as  a  result  of 
SURVEYOR  and  other  contracts,  with  lunar  and  space  exploration,  air  to  air  missiles  and  ICBM 
defense  systems.  The  openings  are  for  both  junior  and  senior  mechanical  engineers,  electronic 
engineers,  physicists  and  aeronautical  engineers.  Some  of  the  openings  are  described  below: 

Structures 

Senior  Dynamicist.  Must  be  cap- 
able of  performing  advanced 

analysis  in  structural  mechanics. 
Will  be  required  to  calculate  re- 

sponse of  complex  elastic  sys- 
tems to  various  dynamic  inputs 

including  random  excitation.  Must 
be  capable  of  original  work  in 
developing  advanced  analytical 
techniques. 
Loads  Analyst.  To  establish 
structural  design  criteria  for  ad- 

vanced missiles  and  spacecraft. 
Should  be  capable  of  determin- 

ing external  airload  and  inertial 
force  distributions. 
Reliability  Analyst.  To  perform 
statistical  analysis  of  structural 
loads  and  strength  properties  for 
the  purposeof  establishing  struct- 

ural reliability  criteria  on  a  prob- 
ability basis. 

Stress  Analyst.  To  perform  ad- 
vanced stress  analysis  of  com- 

plex and  redundant  missile  and 
spacecraft  structures.  Will  be 
required  to  solve  special  pro- 

blems in  elasticity,  plasticity, 
short  time  creep  and  structural 
stability. 
Design.  Experience  is  required 
in  preliminary  and  final  struct- 

ural engineering  and  design,  in- 
cluding preliminary  stress  anal- 

ysis. A  knowledge  of  the  effects 
of  extreme  temperature  environ- 

ment and  hard  vacuum,  plus  a 
background  in  materials  is  de- 
sired. 

Heat  Transfer 

Space  Vehicle  Heat  Transfer. 
Basic  knowledge  of  radiation 
conduction  and  convection  heat 
transfer  with  application  to  ther- 

mal control  of  space  vehicles  is 
required.  Knowledge  of  spec- 

trally-selective radiation  coating, 
super-insulations  and  thermal 
vacuum  testing  is  of  particular value. 

Aerothermodynamicist.  Experi- 
ence in  hypersonic  real  gas  dy- 

namics, heat  transfer,  abalation; 
re-entry  vehicle  design,  detec- 

tion; shock  layer,  wake  and  rocket 
exhaust  ionization;  and  anti-mis- 

sile system  requirements  will  be 
most  useful. 

Equipment  Installation 

Packaging  and  Installation  En- 
gineer. To  perform  optimum 

packaging  and  installation  design 
for  missile  and  or  spacecraft 
units,  considering  amount  and 
geometric  shape  of  space  avail- 

able as  well  as  weight  and  center 
of  gravity  distribution  require- 

ments. Must  be  capable  of  ana- 
lyzing structural  adequacy  of  unit 

under  extreme  environmental 
conditions. 

Controls 

Optical  Devices.  Design,  devel- 
opment, procurement  and  test 

operations  are  involved.  Consid- 
erable experience  in  the  field  of 

optical  devices  for  space  applica- 
tions such  as  star,  horizon,  sun 

and  moon  trackers. 

System  Test.  To  plan  and  super- 
vise the  operations  of  a  flight  con- 
trol system  laboratory.  Air  bear- 
ing tables  and  a  wide  variety  of 

optical  mechanical  and  electrical 
equipment  are  involved. 
Control  System  Analysis.  Re- 

quires engineers  at  various  levels 
of  experience  including  senior 
men  capable  of  taking  over-all 
project  responsibility  in  the  syn- 

thesis and  analysis  of  control 

systems. 
CircuitDesign  and  Development. 
Experience  in  design  and  devel- 

opment of  transistorized  control 
system  circuits,  including  various 
types  of  electronic  switching  and 
modulation  techniques  is  re- 

quired. 

If  you  are  a  graduate  mechanical  engi- 
neer, electronic  engineer,  physicist  or 

aeronautical  engineer,  with  experience 
applicable  to  the  above  openings,  please 
airmail  your  resume  to:  Or.  F.  P.  Adler, 
Manager,  Space  Systems  Division, 
Hughes  Aircraft  Company,  11940  W. 
Jefferson  Blvd.,  Culver  City  51,  California. 

WE  PROMISE  YOU  A  REPLY  WITHIN  ONE  WEEK 
An  equal  opportunity  employer. 
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Technical  Countdown 

ELECTRONICS 

IBM  Gets  Defense  Com  Center  Award 

The  Defense  Communications  Agency  has  awarded  a 

contract  to  IBM's  Federal  Systems  Div.  for  design,  fabrica- 
tion, installation  and  maintenance  of  data  processing,  dis- 
play and  special  communications  terminal  equipment  for 

each  of  DOD's  Area  Communications  Control  Centers. 
Located  in  Europe,  Alaska.  Hawaii  and  Colorado,  the  sys- 

tems consist  of  6300  circuits  in  73  countries.  A  solid-state 
1410  Data  processing  system  at  each  center  will  be  able  to 
supply  information  about  the  routes  in  its  area,  available 
alternate  routes  between  two  points  and  instructions  for  the 
most  efficient  utilization  of  the  circuits. 

Soviets  Develop  New  Analog  Computer 

An  analog  computer — apparently  the  first  of  a  new  type 
of  specialized  simulators  for  the  control  of  technological 
processes — has  been  reported  by  the  Soviet  Scientific  Re- 

search Institute  for  Calculating  Machines.  Designated  the 
MN-11,  the  computer  can  simulate  non-linear  differential 
equations  up  to  the  6th-9th  order  and  automatically  find  the 
solution  to  a  problem  using  minimization  and  scanning 
methods.  Circuitry  consists  of  nine  integrating  circuits  of 
up  to  nine  inputs  each.  38  adder  circuits  with  varying  inputs, 
six  multiplier  units,  three  controllable  constant  coefficient 
units  and  three  variable  coefficient  units.  Computer  operates 
with  a  solution  frequency  of  up  to  100  cycles. 

NASA  Extends  Cryogenic  Gyro  Pact 

General  Electric's  Ordnance  Dept.  has  received  a 
S136.000  extension  of  its  contract — awarded  by  NASA  last 
June — for  development  work  on  cryogenic  gyroscopes.  The 
contract  is  part  of  the  overall  government-sponsored  program 
to  develop  an  advanced  gyro  based  on  the  superconductive 
properties  of  materials  at  temperatures  approaching  ab- 

solute zero.  The  award  will  cover  GE's  MOD  II  gyro 
which  has  already  been  built  and  is  undergoing  preliminary 
tests  preparatory  to  final  run-up. 

Pulsed  Laser  Operated  by  GE 

A  laser  beam — pulsed  rapidly  and  at  high  power — 
promises  to  take  the  laser  out  of  the  laboratory  and  put 
it  to  practical  use  in  long-range  optical  radar.  General  Elec- 

tric Engineering  Laboratory7  scientists  pulsed  a  new  ruby 
laser  at  10  bursts  a  second — with  much  higher  power  than 
the  continuous  beam  laser.  The  main  problem  with  the 
new  development.  GE  said,  is  to  increase  the  efficiency  of 
the  device  in  order  to  reduce  the  size  and  weight  of  the 
ancillary  equipment. 

SPACE  MEDICINE 

Soviets  Establish  Cosmic  Biology  Lab 

A  new  Laboratory  of  Cosmic  Biology  has  been  estab- 
lished in  the  Institute  of  Cytology  of  the  USSR  Academy 

of  Sciences.  The  only  area  of  work  reported  was  a  project 
to  study  the  behavior  and  adaptability  of  the  cells  of  an 
organism  to  low  temperatures — down  to  —180° — and  to 
large  doses  of  radiant  energy. 

ASW  &  SEABORNE  ENGINEERING 

Allied  Navies  Buy  Hughes  Radar 

Four  countries — France,  Japan,  The  Netherlands  and 
Italy — have  bought  a  total  of  eight  Hughes  Frescan.  three- 
dimensional  radar  systems  from  the  U.S.  Navy.  Scheduled 
for  installation  aboard  guided  missile  ships  of  these  nations. 
Frescan  is  a  frequency-scanning  radar  which  can  provide 
3-D  position  information  simultaneously  on  multiple  super- 

sonic airborne  targets. 

SUPPORT  EQUIPMENT 

Marines  Evaluating  Tac  Air  Control 

A  Tactical  Air  Operations  Center  of  the  advanced 
Marine  Corps  Tactical  Data  Systems  is  undergoing  field 
tests  at  the  Marine's  Air  Facility  at  Santa  Ana,  Calif. Built  by  the  Data  Systems  Division  of  Litton  Systems,  Inc., 
TAOC  is  housed  in  eight  helicopter-transportable  huts.  It 
permits  the  establishment  of  an  integrated  air  defense,  close 
air  support,  enroute  traffic  control  and  control  of  surface- 
to-air  missiles  during  the  initial  phases  of  an  amphibious assault. 

ADVANCED  MATERIALS 

More  on  Maraging 

Carpenter  Steel  is  producing  18.5  and  20.0%  Ni-steels 
under  license  from  International  Nickel  Co.  The  steels  are 
a  high  strength  (250,000  psi)  contender  for  missile/ space 
applications  such  as  motor  cases.  The  steels,  called  NiMark 
I  and  II.  require  only  a  single  aging  treatment  to  attain  the 
high  yield  strengths. 

Liquid  Neon  in  Production 

Liquid  neon  is  on  a  regular  production  schedule  at  the 
Linde  Co.,  division  of  Union  Carbide.  Key  to  commercial 
availability  is  a  shipping  and  storage  container  which  holds 
neon  loss  to  less  than  0.3  liters  per  day.  The  low  loss  factor 

is  accomplished  by  a  combination  of  Linde's  Super  Insula- tion and  liquid  nitrogen  shielding. 

Space  Radiation  Fatality  Odds  Increased 

Boeing  scientists  say  solar  flare  radiation  is  not  a  major 
hazard  in  space  flights  lasting  up  to  one  week.  The  odds 
against  a  space  crew  getting  a  lethal  dose  in  this  time  are 
120  to  1 .  The  study  prompting  the  conclusion  included 
solar  flare  predictions  and  spacecraft  design. 

High-Temperature  Metals  Lab  Established 

Sierra  Metals  Corp.  is  building  a  metal  technology 
facility  aimed  at  research  into  the  development  of  new  and 
improved  high  temperature  alloys.  R.  H.  Thielemann, 
former  chairman  of  the  Metallurgical  Department  at  Stan- 

ford Research  Institute,  will  head  the  new  lab.  The  facility 
will  be  located  near  Portland.  Ore. 
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space  systems 

Pogo-Hi  Boosts  Sea-Launch  Stock 

Navy  hails  adapted  Army  bird  as  forerunner  of 

vast  water-launch  program,  cites  many  advantages 
by  Bill  Wilks 

THE  FIRST  U.S.  water-launched 
rocket  will  become  operational  this 
month  on  the  Pacific  Missile  Range. 

The  Pogo-Hi  rocket,  adapted  from 
an  Army  missile  in  the  Navy's  Project 
Hydra  sea-launch  research  program,  is 
only  a  small  target-carrying  vehicle.  But 
it  is  seen  as  the  first  concrete  evidence 

to  back  up  the  Navy's  argument  that 
eventually  satellite  boosters  and  manned 
spacecraft  will  be  launched  from  the 
water. 

Over  the  next  three  months,  the 
Naval  Missile  Center,  Point  Mugu. 
Calif.,  will  use  24  Pogo-Hi's  for  target 
practice  in  the  Terrier  and  Talos  devel- 

opment programs. 
Approximately  8  ft.  long,  the 

Aeronca  Manufacturing  Corp.  missile 
is  powered  by  either  a  Cajun  or  Apache 
solid  motor,  both  made  by  Thiokol 
Chemical  Corp.  Payload  is  a  24-ft. 
radar-reflective  parachute  which  opens 
at  85,000-ft.  peak  altitude.  As  the  ve- 

hicle descends,  surface-to-air  missiles 
equipped  with  miss-distance  indicators 
use  the  parachute  as  a  target. 

The  Pogo-Hi  rocket  is  launched  by 
radio  command  as  it  floats  vertically  in 
a  simple,  recoverable  open-rail  type 
launcher  which  holds  the  necessary 
launch  circuitry.  Pogo-Hi  itself  is  not 
recoverable. 

The  Naval  Missile  Center  obtained 
the  Pogo-Hi  Army  rockets  from  the 
Naval  Ordnance  Test  Station,  China 
Lake,  Calif.,  which  got  them  from  the 
Army's  White  Sands,  N.M.,  facility. 

To  adapt  the  rocket  to  water  launch- 
ing, the  Navy  waterproofed  it  by  slip- 

ping a  IVi-ft.-long  rubber  boot  over 
the  nose  area  to  protect  the  junctions 
and  by  plugging  the  nozzle  with  a  plastic 
which  blows  out  in  the  water  on  firing. 

POGO-HI  shown  entering  water  after  tak- 
ing target  aloft.  Missile  is  not  recoverable. 

On  launch,  the  rubber  boot  is  stripped 
off  by  a  wire  attached  to  the  launcher 
frame. 

•  Only  beginning  —  Navy  project 
officers  see  Pogo-Hi  as  a  first  step  to- 

ward a  much  broader  water-launch 

program. Lt.  Cmdr.  John  E.  Draim,  Astro- 
nautics Department,  Naval  Missile  Cen- 

ter, told  a  recent  regional  meeting  of 
the  Institute  of  Navigation  in  La  Jolla, 
Calif.:  "By  using  solid-propellant  mo- 

tors already  in  the  national  stockpile, 
we  can  now  design  water-launched 
rockets  for  any  kind  of  job." While  Draim  did  not  discuss  ad- 

vanced military  applications,  the  Navy 

believes  use  of  such  "off-the-shelf"  mis- siles as  Minuteman  would  be  practical 
for  water  launchings.  A  recent  NMC 
study  concluded  that  Minuteman  could 
be  water-launched  "with  only  minor 
modifications"  and  with  a  one-g  benefit 
on  launch  resulting  from  buoyant  forces 
characteristic  of  launch  from  a  free- 
floating  state.  It  also  found  that  even  in 
rather  heavy  seas,  a  properly  adapted 
rocket  leaves  the  water  close  to  the 
vertical. 

To  the  scientific  community,  Draim 

held  out  a  "cheaper  by  the  dozen"  ap- 
proach to  meteorological  and  space  in- 

vestigation: "A  relatively  small  vessel 
can  carry  a  dozen  different  kinds  of 
rockets  and  launch  them  in  desirable 
remote  areas  without  the  expensive  in- 

stallations and  safety  problems  associ- 
ated with  land  facilities." 

Major  space  probe  work  can  be 
done  with  modified  Blue  Scout  Jr.  and 
X-17  rockets  transported  and  launched 
by  destroyers  and  cargo  vessels,  he  said, 
permitting  almost  unlimited  mobility, 
improved  rocket  performance  for  many 
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missions  and  substantial  economies  in 
time  and  money. 

As  for  immediate  Navy  application 
of  the  water-launch  technique,  Draim 
said  Pogo-Hi  frees  vessels  from  depend- 

ence upon  aircraft  and  shore  installa- 
tions for  target  launching — "Now  a  ship 

can  carry  and  launch  its  own  targets 
for  missile  practice  on  the  open  sea. 
It  can  stick  Pogos  in  the  water,  then 
move,  say  10  miles  away,  and  launch 
them  simultaneously." 

In  event  the  Navy  decides  to  make 
wider  use  of  Pogo-Hi  than  is  planned  in 
the  immediate  future  at  NMC,  Draim 

reported,  "We  probably  can  make  all 
of  our  own  with  very  little  funding." 

NMC  adapted  Pogo-Hi  in  a  strictly 
in-house  program  at  very  modest  cost. 
Draim  said,  estimating  roughly  $3000 
to  $5000  for  each  of  the  24  now  ready 
for  use,  and  $500  worth  of  materials 
per  launcher.  For  the  waterproof  elec- 

tronics container  attached  to  the  bot- 
tom of  the  launcher  NMC,  working 

mostly  with  local  funds,  adapted  a 
standard  steel  shipping  container  ob- 

tained from  stock. 

•  Sixty  shots  —  Draim  said  feasi- 
bility of  the  basic  water-launch  method 

has  been  confirmed  in  60  PMR  launches 
of  rocket  simulators  and  actual  rockets. 
Shapes  ranging  in  length  from  3  ft.  to 
105  ft.  and  in  weight  from  20  lbs.  to 
more  than  10  tons  have  been  launched. 
Liquid  rockets  also  have  been  fired 
with  only  the  water  as  a  launch  pad. 
Aerojet-General  Corp.  last  fall  twice 
launched  the  same  Seabee  rocket,  a 
slightly  modified  version  of  the  liquid- 
propelled  Aerobee-100. 

"Since  land-launched  rockets  can  be 
//yJra-launched,  performance  need  not 
be  degraded  by  requiring  off-optimum 
designs,"  Draim  said.  "On  the  contrary, 
it  has  been  shown  that  usually  a  small 
but  significant  increase  in  performance 
is  contributed  to  a  given  rocket  by  the 
water-launch  method." 

Both  the  Navy  and  Aerojet  have 
been  trying  to  interest  NASA  in  the 
technique,  apparently  without  success 
so  far. 

•  Repertory  —  Draim  listed  these 
possible  uses  of  water-launched  vehicles : 

—  Meteorological    probes  dropped 
overboard  from  ships. 

—Scientific  payloads. 
—Emergency  communications. 
—Target  applications. 
•  Pluses  —  He  reported  these  ad- 

vantages : 
—Mobility  is  virtually  unlimited, 

since  70%  of  the  earth's  surface  is  a 
potential  launch  pad. 

—Range  safety  problems  are  eased. 
Many  launching  problems  at  existing 
land  sites  are  due  to  congestion,  limita- 

tions on  firing  bearings.  Probes  launched 
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at  sea  do  not  have  to  be  fired  at  de- 
pressed angles  to  avoid  populated  areas. 

—Elimination  of  launch  pads,  tow- 
ers, blockhouses  and  range  safety  re- 

quirements yields  great  economies  in 
both  time  and  money. 

—Launch  pad  safety  is  obtained  by 
stationing  the  ship  outside  the  launch 
area. 

—Almost  any  ship  can  carry  and 
launch  small,  medium  and  large  rockets. 

—Extensive  support  facilities  at  re- 
mote locations  need  not  be  constructed. 

—Simultaneous  countdowns  and  fir- 
ings can  be  accomplished,  since  there  is 

no  limitation  on  the  number  of  rockets 

than  can  be  launched  from  the  "pad"  at one  time. 
The  Hydra  II  vehicle  used  in  the 

water  launch  test  program  is  a  10-ton, 
40  ft.  boiler-plate  rocket  simulator  con- 

structed by  Long  Beach  (Calif.)  Naval 
Shipyard  especially  for  Project  Hydra. 
It  is  powered  by  an  "overage"  and therefore  surplus  Aerojet  Genie  solid 
booster. 

Carrying  instrumentation  in  the  nose, 

the  recoverable  Hydra  II  has  been 
launched  a  number  of  times  with  a  very 
short  burntime,  going  as  high  as  140  ft. 
It  is  considered  significant  that  it  has 
never  been  damaged  in  open-sea  launch- 
ings  of  state  3  condition — the  average 
for  open-sea  operations.  Hydra  II  is 
scheduled  for  further  launchings. 

Hydra  II  followed  Hydra  I,  which 
was  a  wooden  dummy  about  5  ft.  in 
length,  turned  out  on  a  lathe  and  pow- 

ered by  a  2.25-in.  Aeroscar  solid  rocket. 
Hydra  numbers  have  been  assigned 

to  only  two  vehicles  to  date,  although 
some  60  have  been  used  in  the  water- 
launch  program. 

"We  decided  to  number  some  of  the 
significant  test  vehicles  which  were  de- 

signed as  such,"  Draim  explained.  "For the  others,  the  telephone  pole  and  the 
sewer  pipe,  we  didn't  bother  to  dignify 
them  with  a  number." The  pole  was  105  ft.  in  length, 
about  six  tons  in  weight.  The  sewer 
pipe  was  just  that,  about  40  ft.  long,  3 
tons  in  weight,  and  powered  by  a 
Thiokol  Chemical  Corp.  liquid  Sparrow 
motor.  8 

Lead  ballast       Pogo-hi  rocket 

\ 

Retrieval  beacon  antenna 

Igniter  and  antenna  leads 

Stripping  wire  attach  point 
Waterproof  electronics  can  Fibreglass  coated  foam  plastic  flotation 

ABOVE:  Drawing  shows  Pogo-Hi  rocket  on  its  launcher.  Navy  estimates  that  Pogos 
were  adapted  for  only  $3000-$5000  apiece,  and  launcher  materials  cost  $500  each. 

BELOW:  Built  by  Navy  expressly  for  launch  test  project,  Hydra  II  vehicle  weighs  10 
tons,  is  40  ft.  long,  have  never  been  damaged  in  series  of  open-sea  firings. 
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propulsion  engineering 

New  Stages  Hiking 

Scout  Pay  load  Over  1/3 

X-259  third  stage  and  Aerojet's  Algol  11 A  first  stage  to 
lift  total  impulse  almost  25%;  new  fourth  stage  in  trouble 

SCOUT  8,  shown  here  on  spin  balance  table  at  Wallops  Island,  Va.,  is  given  a  fifth 
stage  to  accelerate  payload  to  about  19,000  mph  in  atmospheric  re-entry  test. 

TWO  NEW  SOLID-MOTOR  stages 
will  boost  the  Scout  launch  vehicle's 
payload  capability  from  150  to  over 200  lbs. 

The  stages  are  the  X-259  third  stage 
and  the  Algol-llA  first  stage. 

The  third  stage  has  already  been 
static-fired  successfully  and  a  flight  test 
is  scheduled  this  spring.  The  new  first 
stage  will  be  static-fired  in  a  couple  of 
months  and  will  be  flight-tested  late  this summer. 

Meanwhile,  Missiles  and  Rockets 
also  learned  that  a  new  fourth  stage  for 
Scout — designated  the  X-258 — has  run 
into  serious  difficulty.  Informed  sources 
report  that  NASA  is  giving  serious  con- 

sideration to  dropping  it,  but  no  final 
decision  has  been  made. 

The  increased  performance  in  the 
new  first  stage  stems  from  a  new  pro- 
pellant  and  grain  design.  The  producer, 
Aerojet-General,  estimates  that  Algol- 
llA  will  have  25%  higher  performance 
than  its  predecessor,  Algol  1. 

The  new  version  will  use  the  same 
chamber  as  Algol  1,  but  a  plastic  noz- 

zle will  replace  the  steel  type  formerly 
used. 

Total  impulse  of  the  improved  ver- 
sion is  nearly  5,000,000  lb.  sec,  com- 

pared with  4,000,000  for  Algol  1,  and 
the  mass  fraction  has  been  increased 
from  0.84  to  0.90%.  The  engine, 
known  as  the  Aerojet  Senior  in  its 
earlier  applications,  has  a  perfect  record 
of  reliability  in  12  flight  tests  and  nu- merous static  tests. 

The  improved  performance  will  en- 
able Scout  vehicles  to  carry  either  a 

heavier  payload  to  present  ranges,  or 
present  payloads  to  greater  ranges.  Be- 

cause of  the  reliability  record  of  the 
earlier  version,  Aerojet-General  is  plan- 

ning only  a  limited  test  program  for 
the  engine.  First  tests  are  expected  to 
begin  in  the  immediate  future,  with  de- liveries following  quickly. 

The  Aerojet  Senior,  originally  de- 
veloped in  1957  to  prove  the  feasibility 

of  the  large  solid  rocket,  was  chosen  for 
NASA's  Scout  and  the  Air  Force's  Blue 
Scout  as  an  off-the-shelf  item. 

•  Twin  advances — Aerojet  said  a 
denser,  higher-energy  propellant  was 
the  key  to  the  improved  engine,  but  de- 

clined to  elaborate  on  either  the  propel- 
lant composition  or  grain  design,  pre- 

sumably because  of  a  tie-in  with  a 
military  vehicle.  The  25%  figure  for 
improved  performance  reflects  a  com- 

bined advantage:  increased  thrust  level 
and  longer  burning  time,  with  the  latter 
the  more  significant. 

The  Air  Force  probably  will  buy 
some  of  the  improved  engines  from 
NASA  for  use  with  Blue  Scout,  but 
plans  for  this  are  not  yet  firm.  The 
thrust  level  of  Algol  1  is  about  110,000 
lbs.,  and  a  slight  increase  is  expected  in 
the  new  version.  8 
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OPTHALMOSCOPE  monitors  astronauts'  condition  through  eyes. 

space  medicine 

Device  Will  Keep  Watch 

On  Astronaut's  Telltale  Eyes 
by  Heather  M.  David 

WITHIN  A  FEW  months,  NASA 
will  have  a  tool  to  anticipate  ill  effects 
of  spaceflight  by  looking  into  astronauts' 
eyes. 

The  tool  is  an  opthalmoscope,  an 
instrument  which  monitors  and  records 
the  flow  of  blood  and  precise  condition 
of  the  eye.  With  this  device,  doctors 
can  detect  minute  changes  in  the  astro- 

naut's whole  physiological  condition. 
These  small  changes  may  be  danger 
signals  of  impending  nausea,  high  blood 
pressure  or  injury  or  illness  of  the  brain. 

Pacific  Optical  Corp.,  a  division  of 
Chicago  Aerial  Industries,  will  deliver 
the  apparatus  to  the  NASA  Ames  Lab- 

oratory for  use  in  a  centrifuge  cabin. 
It  is  anticipated  that  if  the  devices  per- 

form well,  it  may  be  incorporated  into 
the  Mercury  program. 

When  the  system  is  used  on  the 
centrifuge,  it  will  be  hooked  up  to  a 
television  camera  which  will  transmit 
eye  movements  to  a  remote  control 
tracking  device.  Simultaneously  a  color 
film  recording  will  be  made. 

An  especially  interesting  feature  of 
the  system  is  a  lens  that  will  record 
retina  details  and  eye  changes  as  small 
as  ten  microns,  about  5/10,000  of  an 
inch. 

The  principle  of  the  system  is  that 
a  ray  of  light  is  beamed  into  the  far 
reaches  of  the  eye  and  reflected  from 
the  retina.  Doctors  can  then  observe 
minute  changes  in  the  arteries  of  the 
eye.  These  arteries  may  show  changes 
such  as  hardening,  or  indicate  hyper- 

tension and  diabetes.  Swellings  of  the 
optical  nerves  may  show  otherwise  un- detectable tumors  or  other  causes  of 
brain  pressure.  Cellular  changes  may 
also  be  reflected. 

Pacific  Optical  spokesmen  said  that 
the  instrument  could  be  adapted  for 
flight  use,  using  a  35  mm  movie  or  still 
camera,  or  even  a  16  mm  or  8  mm 
camera.  The  basic  instrument  itself 
weighs  only  about  15  lbs.  8 

Packaged  Plastic  Records 

Radiation  Dosage  in  X-15 
A  RADIATION  DETECTION 

package  containing  plastic  simulating 
the  radiation-absorption  qualities  of  hu- 

man tissue  has  shown  that  X-15  pilots 
have  been  exposed  to  negligible  amounts 
of  cosmic  radiation. 

The  package,  which  weighs  12  lbs. 
and  is  attached  to  the  X-15  cockpit  wall 
at  the  left  of  the  pilot,  marks  the  first 
Air  Force  attempt  to  measure  radiation 
in  the  cockpit.  Plastic  components  in 
the  device  have  essentially  the  same 
radiation-stopping  ability  as  human  tis- 

sue. By  using  different  thicknesses  of 
plastic  for  different  flights,  it  is  possible 
to  determine  the  radiation  dose  rate  at 
different  depths  in  tissue. 

The  device  was  developed  jointly  by 
Air  Force  Flight  Test  Center  (Edwards 
AFB),  the  Air  Force  Special  Weapons 
Center,  Kirtland  AFB,  N.M.,  and 
NASA.  Similar  packages  are  now  being 
flown  aboard  ballistic  missiles,  Discov- 

erer satellites  and  other  Air  Force  high- 
altitude  flights.  a 

VARIABLE 

INDUCTORS 
•  HERMETIC 

•  TAPPED 
•  STANDARD 

HVC  & 

TVC  Series Hermetically 
Sealed  to 
MILT-27A 

A  simple  solution  to  tuned  circuit  prob- 
lems for  oscillators,  equalizers,  filters,  etc. 

providing  exceptionally  wide  inductance 
range  with  high  Q  in  an  extremely  compact 
unit.  These  units  are  usable  over  a  wide 
frequency  range,  and  have  high  stability 
with  temperature  and  voltage  change.  In- 

ductance range  is  +200%,  —70%  of 
mean  value  through  adjustment  screw  on 
top  of  case.  Units  in  this  series  have  mean 
values  ranging  from  .006  to  150  henries. 
Case  size:  l%"x%"xl%"  high  (including 
screw);  weight:  2  ounces.  Straight  pin  ter- 

minals for  printed  circuit  application  avail- 
able on  special  orders. 

TVC  tapped  inductors  are  identical  to  the 
HVC  units,  but  provide  taps  at  30%  and 
50%  x>f  total  turns. 

VIC 

Series 

■  Applications  of  the  VIC  units  are  the 
same  as  the  HVC  series,  but  for  commer- 

cial use.  Adjustment  screw  in  side  of  case 
provides  variable  inductance  values  of 
+85%,  —45%  of  mean  value.  Units  in 
this  series  have  mean  values  ranging  from 
.0085  to  130  henries. 

Case  size:  l%"xlK"xl%"  high;  weight: 
5K  ounces. 
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communications 

DOD  Use  Seen  for  Ion  Bounce  System 

by  Michael  Getler 

NEW  YORK — A  new  ionospheric 
communication  system,  originally  con- 

ceived to  transmit  high-frequency  FM 
radio  and  television  over  long  distances 
and  times,  may  turn  out  to  have  consid- 

erably wider  military  import. 

The  system,  dubbed  "Far  Horizon" 
by  its  developers — the  Sperry  Gyro- 

scope Co.  of  Great  Neck,  L.I.,  N.Y.,  a 
division  of  Sperry  Rand  Corp. — em- 

ploys two  frequency-controlled  high- 
intensity  microwave  beams  transmitted 
from  earth  to  sustain  ionization  of  a 
rocket-deposited  cesium  cloud  in  the 
ionosphere  for  periods  up  to  eight 
hours. 

Though  still  in  the  concept  stage, 
the  company-funded  program  is  re- 

ported to  have  attracted  the  attention  of 
at  least  two  military  research  agencies. 

An  operational  system  of  this  type 
could,  Sperry  officials  say,  provide  the 
military  with  a  rapidly  activated  long- 
range  communications  and  intelligence 
network  with  complete  control  over  the 
timing,  location,  and  duration  of  the 
reflective  cloud.  At  the  same  time,  the 
military  would  be  able  to  deny  use  of 
the  system  to  the  enemy  through  control 
of  the  sustaining  microwave  energy. 

This  type  of  operation,  engineers 
contend,  provides  more  complete  mili- 

tary security  than  systems  involving 
placement  of  permanent  reflective  mat- 

ter in  space. 
In  addition  to  an  active  communi- 

cation role,  Sperry  officials  working  on 
the  project  speculate  that  "Far  Hori- 

zon" could  fulfill  some  highly  significant 
intelligence  missions: 

•  Missile  tracking — With  good  on- 
hand  intelligence  concerning  probable 
timing  for  missile  or  space  activity  by 
any  potential  aggressor,  the  ionosphere's reflectivity  could  be  enhanced  at  will  to 
allow  very  long-range  radar  observation 
and  tracking  of  actual  missile  or  space 
vehicle  launchings. 

•  Radio  monitoring — Such  a  sys- 
tem could  also  be  useful  for  monitoring 

the  usually  increased  levels  of  radio  ac- 
tivity which  precede  missile  launchings, 

and  for  additional  monitoring  of  nor- 
mally secure  beyond-line-of-sight  com- 

munications. 
•  Forward  observation  —  Some 

radar  observation  of  heavy  ground  ac- 
tivity could  be  accomplished  at  long 

ranges,  but  resolution  for  this  type  of 
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effort  would  be  extremely  low. 

Basically,  what  "Far  Horizon"  would do  is  expand  the  maximum  useable 
frequency  for  long-range  ionospheric 
communications  from  roughly  3.5  mc 
to  between  100  and  200  mc,  thereby 
opening  up  a  considerable  broadcast 
band  for  high-frequency  communica- 

tion of  all  types,  including  live  inter- 
national television. 

The  concept  of  bouncing  high-fre- 
quency signals  off  chemically-seeded 

clouds  is  not  new.  The  U.S.  Army 
Signal  Corps  successfully  bounced  a 
100  mc  TV  signal  between  Texas  and 
Florida  using  this  technique.  However, 
the  duration  of  the  reflective  material 
has  previously  been  limited  to  about 
one-half  hour,  the  time  it  takes  for 
dispersion  by  normal  electron  loss 
within  the  ionized  gas. 

According  to  the  Sperry  concept, 
this  electron  loss  can  be  slowed  and 
ionization  "kept  alive"  for  periods  up 
to  eight  hours  through  injection  into  the 
ionosphere  of  properly  heterodyned 
microwave  frequencies. 

To  accomplish  this,  engineers  would 
take  advantage  of  the  nonlinear  charac- 

teristic of  the  ionized  gas.  Since  a  non- 
linear medium  will  generate  the  sum, 

difference,  and  harmonics  of  any  two 
or  more  RF  signals  present,  Sperry  pro- 

poses to  inject  two  frequencies  that  will 
be  absorbed  by  the  ionosphere  and  that 
are  separated  by  1.3  mc. 

This  1.3  mc  differential  represents 
the  cyclotron  frequency  of  the  iono- 

sphere, and  is  that  frequency  which  is 
most  apt  to  enhance  the  level  of  free 
electrons  within  the  ionized  gas. 

Since  this  1.3  mc  frequency  is  nor- 
mally reflected  by  the  ionosphere  when 

transmitted  directly  from  earth,  Sperry 
proposes  to  make  use  of  the  nonlinear 
nature  of  the  ionized  gas  by  trans- 

mitting two  RF  frequencies  which  will 
be  absorbed  by  the  ionosphere  and 
which  will  then  produce  the  desired 
1.3  mc  within  the  ionospheric  volume. 

•  Low  power  needs — This  dual- 
beam  concept  is  also  expected  to  allow 
the  use  of  smaller  transmitting  antennas 
at  relatively  low  power  levels  to  main- 

tain the  highly  directional  energy  re- 
quired to  sustain  ionization.  Scientists 

also  indicated  that  the  two  beams  could 
be  transmitted  from  a  single  antenna. 

Actual  power  requirements  to  sup- 
port this  heterodyned  pumping  tech- 
nique have  been  described  by  engineers 

on  the  project  as  smaller  by  an  order 
of  magnitude  than  power  levels  needed 
to  initiate  ionization  by  the  voltage 
breakdown  method. 

Sperry  has  based  the  "Far  Horizon" principle  on  the  natural  makeup  of  the 
ionosphere,  the  outer  portion  of  the 
atmosphere  made  up  of  ionized  mole- 

cules which  surround  the  earth  in  layers 
from  40  to  250  miles  up. 

These  layers,  ordinarily  excited  by 
absorption  of  the  sun's  energy  or  the 
passage  of  meteorites,  can  presently  re- 

flect radio  energy  up  to  3  or  4  mc  with 
no  artificial  stimulation.  At  higher  fre- 

quencies, energy  begins  to  filter  through 
the  ionosphere  at  an  increasing  rate 
and  is  lost  for  useful  communications. 

Higher  levels  of  artificially  sustained 
ionization,  such  as  proposed  in  "Far 
Horizon"  could  present  a  virtually  solid 
reflective  wall  into  even  the  ultra-high 
frequency  range,  thereby  greatly  in- 

creasing channel  availability  for  long- 
range  communications.  « 
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He  solved  this  puzzle 

by  taking  it  apart! 

Like  oil  and  water,  extreme  preci- 
sion and  "complete"  mobility  resist 

combination  in  tracking  radar  an- 
tennas. Designing  for  one  of  these 

characteristics  "automatically"  pre- cludes the  other.  That  was  this  AMF 
Engineer's  puzzle  — to  put  both  pre- cision and  mobility  in  an  antenna 
for  duty  with  the  Marine  Corps. 

He  solved  the  puzzle,  literally,  by 

taking  apart  the  solution  — AMF's TPQ-10  antenna  — into  10  rugged, 
portable,  submersible,  precision- 
fabricated  packages.  TPQ-10  is  de- 

signed for  helicopter  transport.  Each 
component  can  be  dropped  in  water ; 
it  will  come  up  for  more.  The  pack- 

aged antenna  on  its  pallet  can  be 
dropped  on  land  from  3  feet  without 
impairing  precision. 

Each  component  can  hepicked  up— 
the  largest  weighs  425  lbs.— and  can 
be  handled  by  3  men.  A  crew  of  6 
can  put  TPQ-10  together  in  20  min- utes with  one  standard  wrench. 
Among  the  design  innovations 

that  solved  the  puzzle  is  a  "piggy- 
back" gear  arrangement  that  puts both  azimuth  and  elevation  drives  in 

one  package.  Result :  almost  half  the 
parts  and  weight  of  separate  compo- 

nents. Precision  fabrication  is  typi- 
fied by  the  reflector  arms,  held  to  a 

.005"  deviation  over  45  inches ! 
(For  unclassified  information  on  early 
warning  and  radar  antenna  systems, 
write  Dept.  CS  1,  address  below.) 

Single  Command  Concept 

Solving  puzzles  with  next-to-im- 
possible conditions  is  AMF's  busi- 

ness. AMF's  imagination  and  skills 
are  organized  in  a  single  operational 
unit  offering  a  wide  range  of  engi- 

neering and  production  capabilities. 
It  accepts  assignments  at  any  stage 
from  concept  through  development, 
production  and  service  training,  and 
completes  them  faster ...  in 
•  Ground  Support  Equipment 
•  WeaponSystems'UnderseaWarfare 
•  Automatic  Handling  &  Processing 
•  Range  Instrumentation  •  Radar 
•  Space  Environment  Equipment 
•  Nuclear  Research  &  Development 
GOVERNMENT  PRODUCTS  GROUP 

AMF  Building,  261  Madison  Avenue 
New  York  16,  N.  Y. 

n  engineering  and  manufacturing  AMF  has  ingenuity  you  can  use {AMERICAN  MACHINE  &  FOUNDRY  COMPAh 
Circle  No.  5  on  Subscriber  Service  Card 



missile  systems 

Polaris  Launcher  Production  Hits 

Westinghouse  division  doubles  space,  expands 

work  force  by  one-third  to  meet  program  speed-up 

SUNNYVALE,  CALIF.  —  Polaris 
missile  tube  launchers  are  now  coming 
off  the  production  line  at  an  accelerated 
rate  of  four  a  week. 

Westinghouse  Electric  Corp.'s  Sun- 
nyvale Division,  prime  for  the  launch- 

ing system,  stepped  up  the  pace  in  De- 
cember to  meet  the  18-month  leadtime 

for  launchers  going  into  Lafayette-class 
Polaris  submarines.  The  Navy  has 
scheduled  this  class  of  sub  for  a  one-a- 
month  commissioning  in  late  1963. 

To  gear  up  for  the  accelerated  pro- 
duction demands,  Westinghouse  dou- 

bled its  launch  system  production  space 
to  almost  200,000  sq.  ft.  and  increased 
its  work  force  by  one-third,  to  1500 
persons. 

Although  engineering  of  refinements 
to  the  launch  system  is  continuing, 
Westinghouse  says  the  basic  launcher 
has  now  evolved  and  is  being  produced 
on   an   assembly-line   basis  with  few 

problems.  Modifications  to  the  launch- 
ing-handling  systems  required  by  the 
2500-mile-range  Polaris  A-3  were  fed 
into  the  production  program  some  time 

ago. Each  of  the  16  tubes  for  each 
submarine  is  built  as  a  separate  unit, 
then  integrated  into  a  central  control 
system.  These  are  the  major  elements 
of  the  launcher: 

—The  launch  tube. 
—A  hydraulically  controlled  pneu- 

matic valve. 
—An  umbilical  retraction  system. 
—  A  diaphragm  enclosing  the  top  of 

each  tube. 
—An  air  flask  for  each  tube. 
—A  control  system  which  monitors 

the  subsystems  of  each  launcher  and 
controls  interlocks  on  the  entire  system. 

•  New  dimensions — Launch  tubes 
for  the  six  George  Washington-class 
Polaris  submarines  are  28Vi  ft.  For  the 

A-2  and  A-3  Polaris  vehicles,  the  tubes 
were  extended  30  in.  to  31  ft. 

Diameter  of  the  tube  is  57  in.,  three 
inches  wider  than  the  missile.  Three 
IVi-in.  shoes  around  the  vehicle  retain 
it  in  place,  keep  the  chamber  pressure 
at  ejection  and  break  loose  after launching. 

The  tubes  are  made  in  five  sections, 
5  to  7  ft.  long.  Each  segment  is  bored 
separately  and  assembled  at  the  end  of 
the  production  cycle.  Segmentation  is 
necessary  because  of  a  7-ft.  boring  ma- 

chinery maximum. 
Pre-cut,  rolled-steel  sections  are  ac- 

quired from  commercial  processors  and 
milled  from  about  3A  in.  to  %  in.  Three 
access  ports  are  cut  into  the  tubes: 

—One  at  the  forward  end  for  re- 
entry vehicle  inspection  and  access  to 

the  missile's  guidance  system. 
—Two  in  the  mid-section  for  in- 

spection of  the  vehicle's  interstage. 

DIAMETER  OF  ACCESS  DOOR  is  measured  by  engineer 
George  Grant.    Ports  are  for  inspection  of  vehicle  interstage. 
32 

FINAL  ASSEMBLY  AREA  at  Westinghouse  launch  tube  pro- 
duction facility.  Hydrotest  area  is  at  right  rear  of  photo. 
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LARGE  machine  tools  used  in 
fabricating  launch  tube  components.  At 

right  are  base  and  muzzle  lid  rings. 

Each  port  is  covered  by  a  steel  door 
backed  with  lightweight  plastic  to  ease 
opening  and  closing  during  on-board 
inspection.  Also  cut  into  the  tube  is  a 
hole  for  mounting  of  the  umbilical  re- 

tract system. 
•  Elaborate  precautions — Assembly 

of  the  tubes  is  achieved  by  bolted 
flanges  at  each  joint.  Each  tube  is  hy- 
drotested  to  a  level  considerably  higher 
than  pressures  expected  at  lowest  depths 
at  which  the  submarine  will  launch.  The 
tubes  must  be  watertight  because  sea 
water  floods  them  after  launching. 

An  elaborate  shock  absorption  sys- 
tem is  used  to  minimize  jarring  and 

overloads  during  depth  charge  attacks. 
Each  tube  is  mounted  on  20-30 

vertical  and  lateral  clevis  pads  con- 
nected to  an  outer  tube  in  the  submarine 

by  liquid  (silicone)  springs.  This  gives 
the  tube  a  small  degree  of  floating 
action. 

The  missiles  are  held  tight  in  their 
tubes  by  a  pendulous-mounted  hold- 
down  right  at  the  aft  end  of  the  vehicle. 
Beryllium  copper  spring  rods  projecting 
from  the  tube  support  the  missile  in  this 
pendulum-fashion  mounting.  Avoiding 
rigid  anchoring  of  the  missile  eliminates 
the  hazard  of  high  bending  moments  on 
the  missile,  and  lateral  shocks  are  ab- 

sorbed. Before  launching  the  ring  can 
be  loosened  quickly. 

In  operation,  the  outside  hatches  of 
the  sub's  missile  tubes  are  opened  first. 
The  diaphragms  keep  sea  water  from 
pouring  into  the  tubes.  On  launch,  a 
jolt  of  compressed  air  is  released  from 
the  storage  flask — propelling  the  missile 
upward  through  the  diaphragm,  through 
the  water  and  above  the  surface  where 
the  first  stage  is  ignited  by  computer 
command. 

Shaped  like  a  large  picnic  jug,  the 
valve  is  connected  to  the  tube  by  an 

LAUNCHER  TUBE  ALIGNMENT  is  checked  by  assembler  Ray  Fry.  Target  cross  hairs 
indicate  close  tolerences. 

8-10-in.  pipe.  It  is  fed  by  a  banana- 
shaped  canister  containing  a  charge  of 
compressed  air.  Westinghouse  subcon- 

tracts production  of  the  air  flasks  to  the 
National  Tube  Division  of  U.S.  Steel 
and  Babcock  &  Wilcox  Corp. 

Each  of  the  16  launchers  is  con- 
trolled and  monitored  from  the  central 

switchboard.  Each  air  bottle  is  kept 
constantly  charged  for  quick  response 
and  air  pressures  are  registered  for 
each  tube.  Back-ups  are  integrated  into 
the  system  in  case  of  failure  in  the 
primary  network. 

A  complex  of  interlocks  make  it 
impossible  to  begin  launch  operations 
unless  all  channels  are  clear.  Besides 
interlocks  within  the  missile  itself,  there 
are  interlocks  requiring  the  tube  hatch 
to  be  open  before  launchings,  the  air 
pressure  to  be  adequate,  the  hold-down 
ring  to  be  released  and  the  access  doors 
to  be  closed.  The  umbilical  is  with- 

drawn as  the  missile  is  launched. 

•  Geared  up — To  meet  the  produc- 
tion speed-up  triggered  by  the  Polaris 

acceleration  last  summer,  Westinghouse 
has  added  25  new  light  machine  tools, 
five  of  them  automatic-tape-controlled. 
Additionally,  the  Navy  has  provided  17 
vertical  and  horizontal  boring  mills  and 
drill  presses. 

Lockheed  Missiles  &  Space  Co., 
prime  contractor  for  the  Polaris  system, 
is  located  less  than  three  miles  from  the 

Westinghouse  plant,  which  was  con- 
verted for  the  Polaris  production  from 

a  heavy  machine  tool  plant. 
More  than  9000  subcontractors 

work  on  the  launcher  system.  Much  of 
the  electronic  control-monitoring  pro- 

duction is  subcontracted. 

Westinghouse  ships  the  finished 
launchers  from  here  by  train  and  barge 
to  the  shipyards  now  involved  in  the 
Polaris  submarine-building  program — 
Mare  Island,  Newport  News  and  Ports- 

mouth Naval  Yards  and  the  Electric 
Boat  Co.  at  Groton,  Conn.  « 
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space  electronics 

Modular  Approach  for  Apollo  G&C 

Earth-orbit  package  is  base 

for  system;  NASA  will  choose 

industry   contractor  shortly 

NASA  INTENDS  to  use  a  "building- 
block"  approach  to  developing  the 
Apollo  guidance  system. 

The  basic  system  will  be  developed 
— and  standardized — around  the  guid- 

ance package  used  in  the  earth-orbiting 
mission.  To  this  will  be  added  the  com- 

ponents or  modules  needed  for  the  cir- 
cumlunar  and  lunar-landing  phases  of 
the  program. 

For  training  purposes,  however,  the 
circumlunar  guidance  package  will  be 
adopted  as  the  basic  system,  in  order  to 
familiarize  astronauts  with  the  naviga- 

tion requirements  and  procedures  for 
the  lunar  mission. 

In  describing  the  development  of  the 
Apollo  guidance  system,  Cmdr.  Albert  J. 
Kelley,  Director  of  Electronics  and 
Control  in  NASA's  Office  of  Advanced 
Research  and  Technology,  told  M/R 
that  one  or  more  industrial  support 
contractors  would  be  chosen  shortly  to 
work  with  MIT  on  the  system. 

Citing  the  similar  approach  used  by 
the  Navy  on  Polaris,  Kelley  (who  holds 

a  PhD  from  MIT)  said  that  the  indus- 
trial support  contractors  would  work 

right  along  side  the  MIT  development 
team. 

However,  he  stressed  that  these  in- 
dustrial contractors  would  not  neces- 

sarily be  assured  of  winning  the  pro- 
duction contract  for  the  guidance  pack- 

ages. The  mechanics  of  the  award  have 
not  yet  been  firmly  established,  but 
the  pact  will  presumably  be  let  on  the 
basis  of  competitive  bids. 

MIT  was  selected  as  the  associate 
prime  contractor  for  the  Apollo  guid- 

ance system  last  year — even  before  the 
award  of  the  Command  and  Service 
modules  contract  to  North  American. 

Although  the  present  pact  with  MIT 
is  only  for  delivery  of  the  earth-orbiting 
packages,  the  instrumentation  labora- 

tory will  also  develop  the  guidance 
systems  for  the  circumlunar  and  lunar- 
landing  missions.  In  fact,  they  are  al- 

ready examining  techniques  and  com- 
ponents to  achieve  these  more  complex 

goals  with  minimum  change  to  the 
primary — earth-orbiting — system. 

At  present  these  and  other  questions 
are  under  intensive  study  within  NASA. 
However,  the  agency  expects  to  begin 
in  the  near  future  an  aggressive  pro- 

gram of  electronics  and  control  research 
expected  to  feed  ideas  and  techniques 

into  not  only  the  rendezvous  and  Apollo 
programs  but  all  other  NASA  programs 
as  well. 

The  idea,  according  to  Cmdr.  Kelley, 
will  be  to  have  several  companies  study 
various  aspects  of  problems  in  the  guid- 

ance and  electronic  areas  of  Apollo. 
Some  overlapping  of  programs  will  be 
allowed,  but  generally  each  study  task 
will  define  a  specific  problem  and  rec- 

ommend solutions.  The  overall  purpose 
of  the  program  will  be  to  advance  the 
electronic  state  of  the  art  so  that  when 
the  Apollo  program  or  any  other  project 
needs  a  particular  component  or  tech- 

nique, it  will  already  be  available. 
o  Office  created  recently  —  Estab- 

lished in  the  complete  organizational 
shakeup  of  NASA  in  November,  Cmdr. 
Kelley's  office  is  responsible  for  the 
management  of  the  Space  Agency's  ad- vanced R&D  efforts  in  electronics,  guid- 

ance and  control.  It  also  acts  in  a  tech- 
nical advisory  capacity  for  NASA  pro- 

grams. 
Since  the  recent  retirement  of  Ira  H. 

Abbott  as  director  of  the  Office  of 
Advanced  Research  and  Technology, 
Cmdr.  Kelley  has  been  reporting  to 
the  Acting  Director,  Deputy  Associate 
Administrator  Thomas  F.  Dixon.  With- 

in the  office  of  Electronics  and  Control, 
the  responsibilities  are  distributed 

How  Echo 

Disintegrated 
in  Space 

EXPLOSION  of  ■■rigid"  Echo communications  satellite 
sphere  Jan.  15  is  shown  in  this 
series  of  photos.  The  sphere 
tore  apart  in  space  moments 
after  it  was  released  from  its 
Thor  booster.  Camera  (a  Mil- 
liken  DBM  10)  was  mounted 
in  a  capsule  which  was  later 
recovered  from  the  Atlantic. 
There  was  speculation  an  ob- 

ject whizzing  through  space 
could  have  punctured  the  bal- loon as  it  was  inflating. 
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among  four  deputies — some  of  whom 
have  yet  to  be  named — one  heading 
each  of  the  following  offices:  Guidance 
and  Navigation,  Control  and  Stabiliza- 

tion, Communications  and  Tracking 
and  Instrumentation  and  Data  Process- 
ing. 

•  Rendezvous  problems  outlined — 
Turning  to  the  much-discussed  orbital 
rendezvous,  Cmdr.  Kelley  asserted  that 
the  problems  have  probably  been  over- 

emphasized. He  quickly  added,  however, 
that  we  cannot  be  sure  until  "we  get  up 
there  and  start  banging  some  together." 
The  problem,  he  feels,  is  analogous  to 
the  aerial  refueling  of  airplanes — with- 

out the  difficulties  caused  by  the  turbu- 
lence of  the  atmosphere. 

Implicit  throughout  his  discussion, 
however,  is  the  importance  of  man  to 
orbital  operations.  The  versatility,  flexi- 

bility and  adaptability  of  a  man  would 
be  hard  to  match  with  an  automatic 
rendezvous  approach.  Therefore,  the 
link-up  in  the  early  phases  will  most 
likely  be  semiautomatic.  Still,  since  it  is 
impractical  to  send  an  astronaut  into 
space  everytime  a  rendezvous  mission 
is  contemplated,  an  automatic  system 
will  eventually  have  to  be  developed. 

Early  manned  rendezvous  flights 
using  the  Mark  II  capsule  will  carry 
state-of-the-art  equipment  because  of 
the  tight  development  and  launch 
schedules  imposed  on  the  program.  The 
target  vehicle  will  be  launched  and  its 
orbit  determined  with  presently  avail- 

able tracking  and  data-processing  sta- 
tions. The  manned  vehicle,  after  launch, 

will  be  ground-guided  into  a  suitable 
orbit.  From  there  the  rendezvous  will 
be  effected. 

One  method  of  accomplishing  this 
is  to  initially  pick  up  the  target  vehicle 
by  homing  on  a  transponder  or  reflector 
on  the  passive  orbiter  with  a  radar 
mounted  in  the  chaser.  An  on-board 
computer  then  determines  the  correc- 

tions necessary  for  a  close  rendezvous. 
For  terminal  homing  or  closing,  the 

pilot — using  a  periscope,  TV,  IR  or 
radar  with  a  time  delay,  or  any  combi- 

nation— would  guide  the  chaser  to  the 
final  linkup.  A  display — similar  to  that 
used  in  all-weather  fighter  aircraft — 
would  allow  the  pilot  to  adjust  his  range 
rate  marker  to  his  closing  rate.  As  he 
got  closer  to  the  target  vehicle,  the 
display  pattern  would  collapse  toward 
the  center  of  the  scope  until  the  final 
linkup  was  effected. 

•  Research  problems  defined — The 
overriding  problem  in  NASA's  elec- tronic research  program  is  to  provide 
advanced  techniques  in  a  reliable  flight 
condition  for  the  agency's  programs. To  do  this,  the  office  is  interested 
in  programs  covering  the  entire  spec- 

trum of  electronics  research,  particu- 
larly in  these  areas: 

—Improving  the  accuracy  and  relia- 
bility of  analog-digital-analog-conversion 

systems.  Of  interest  in  this  area  are 
accurate  (seconds  of  arc)  direct  digital 
pickoffs  and  direct  digital  transducers 
to  eliminate  some  of  the  conversion 

problems. 
—  Reliable  speech  communications 

systems  for  manned  spacecraft.  Noting 
that  coding  or  statistical  treatment  of 
speech  may  be  possible,  Kelley  stressed 
the  importance  of  developing  interfer- 

ence-free communications. 
—  Reliable  re-entry  communications. 

Areas  being  investigated  by  NASA  to 
solve  this  problem  of  blackout  during 
re-entry  include:  material  addition  to 
neutralize  the  plasma  sheath;  artificial 
magnetic  fields  around  the  vehicle;  con- 

tinued investigation  of  transmission  fre- 
quencies; and  changes  in  vehicle  con- 

figuration to  change  the  flow  of  the 
plasma  sheath. 

— Feasibility  and  performance  of 
multiple,  slaved  antennas  as  contrasted 
to  a  single  large  dish.  Since  the  fre- 

quency characteristics  and  reliability 
are  better  for  multiple  smaller  dishes,  a 
number  of  these  antennas  may  well  give 
better  overall  performance  than  a  single 
large  dish.  Alignment  of  multiple  dishes 
is  considered  a  problem.  The  perform- 

ance of  fixed  arrays  is  also  of  interest. 
—Investigation  of  the  broad  spec- 

trum of  instrumentation  so  that  when 

an  experimenter  needs  a  specific  tech- 
nique it  will  be  available.  The  field  of 

biomedical  instrumentation — because  of 
the  inadequacy  of  present  techniques — is  of  vital  interest. 

—Improvement  of  data-processing 
systems,  particularly  selective  monitor- 

ing of  telemetry  signals  so  that  only 
selected  data  are  broadcast  to  the 

ground. 
In  the  area  of  manned  flight,  Cmdr. 

Kelley  praised  the  important  work  being 
done  at  Ames  Research  Center  on  man- 
machine  integration  and  at  Edwards 
AFB  on  the  X-15  energy  management 
studies.  Both  of  these  efforts  will  con- 

tribute significantly  to  insuring  that  the 
crew  of  a  spacecraft  is  not  saddled  with 
an  excessive  in-flight  workload  —  or, 
conversely,  deprived  of  tasks  which  they 
could  readily  perform.  8 
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Douglas,  Newport  News  Team 

To  Bid  on  Big  Solid  Cases 

DOUGLAS  AIRCRAFT  Co.  and 
Newport  News  Shipbuilding  and  Dry 
Dock  Co.  have  formed  a  team  to  bid  on 
production  of  giant  solid-propellant 
motor  cases. 

Douglas  said  the  combination  of 
two  such  diversified  companies  was 
needed  because  sizes  of  the  large  motors 

being  considered  would  "far  exceed  the 
sizes  of  any  similar  hardware  now 
being  produced  by  the  Aerospace  In- 

dustry." R.  L.  Johnson,  VP  and  Director  of 
Product  Development  for  the  Missile 
and  Space  Systems  Division,  said 
DAC's  motor  case  experience — includ- 

ing Nike-Zeus  and  Sky  bolt  —  coupled 
with  the  shipbuilder's  capability  in  fab- 

rication of  large  structures,  "will  assure 
the  success  of  the  large  motor  case  pro- 

gram by  minimizing  size  problems  while 
calling  on  existing  know-how.  With  this 
team,  we  feel  have  a  unique  combina- 

tion of  technical  experience  and  manu- 
facturing capability". 

Fabrication  would  be  done  at  New- 
port News,  Va.,  where  "all  of  the  form- 
ing, machining  and  handling  facilities 

required  to  start  building  the  huge  cases 
are  on  hand  at  the  shipyard  and  could 
be  made  available  if  required,"  Douglas said. 

Other  advantages  Douglas  sees  in 
the  deal: 

—  Location  of  the  shipyard  on  the 
East  Coast  would  facilitate  transporta- 

tion of  hardware  to  the  loading  site. 
—The  integrated  facility  would 

avoid  the  problems  involved  in  "form- 
ing components  in  one  location,  machin- 
ing them  in  another  and  assembling 

them  at  still  a  third." 
Although  diameters  to  300  in.  and 

lengths  to  200  ft.  are  being  considered, 
few  major  technological  breakthroughs 
should  be  required,  Johnson  said.  Be- 

cause of  the  large  sizes,  sections  of  the 
motor  cases  would  have  to  be  individ- 

ually formed  and  machined  and  then 
welded  together,  he  added.  "Basically, 
our  task  will  be  to  scale  up  proven  tech- 

nologies, extend  present  capability  and 
utilize  available  production  capacity." 

Douglas,  which  feels  the  "roll-and- 
weld"  method  is  the  "only  feasible  ap- 

proach" to  fabrication  of  motor  cases more  than  10  ft.  in  diameter,  said  it 
would  design  the  cases  and  establish  the 
necessary  process  specifications.  Tool 
design  would  be  a  joint  effort,  with  tool 
fabrication,  hardware  manufacture  and 

process  control  performed  by  Newport 
News. 

Newport  News,  which  covers  250 
acres,  would  build  a  large  motor  case 
production  facility.  But,  to  permit  ear- 

liest possible  delivery  of  development 
hardware,  the  shipyard  could  use  its 
present  equipment  while  the  new  facil- 

ity was  being  constructed. 

Newport  News  built  the  world's 
largest  ship,  the  nuclear-powered  air- 

craft carrier  Enterprise.  8 

BENDIX  CORP.  formed  two  sub- 
sidiary companies  in  Baltimore  to  han- 

dle operation  and  maintenance  of  mis- 
sile and  space  stations,  defense  equip- 

ment, command  and  control  communi- 
cations, and  electronic  facilities  for 

U.S.  and  other  governments  on  a  con- 
tractual basis. 

The  Bendix  Field  Engineering  Corp. 
and  Bendix  Commercial  Service  Corp. 
evolved  from  a  field  engineering  depart- 

ment of  Bendix  Radio  Div.  President  of 
both  companies  is  Leister  F.  Graffis, 
former  manager  of  the  field  engineering 
department. 

PM  ELECTRONICS,  INC.  ac- 
quired California  Instruments  Corp. 

CIC,  developer  of  an  new  10-meg  solid- 
state  automatic  oscilloscope,  was  formed 
last  July.  PM  will  concentrate  on  am- 

plifiers and  oscilloscope  lines,  and  will 
develop  additional  products. 

DYNATRONICS,  INC.  is  build- 
ing a  31,000-sq.-ft.  addition  to  its  Or- 

lando, Fla.,  plant.  The  new  wing,  sched- 
uled for  completion  in  April,  will  be 

used  primarily  to  expand  the  company's 
manufacturing  and  data-system  R&D 
operations. 

NORTH  AMERICAN  AVIATION, 
INC.  says  it  plans  to  build  an  $815,000 
advanced  liquid-propellant  research  fa- 

cility north  of  Reno,  Nev.  It  would  be 
used  by  the  company's  Rocketdyne  Div. 
to  develop  propellants  and  engines  pri- 

marily for  outer  space  use. 
The  facility  would  be  approximately 

one  mile  north  of  NAA's  nearly  com- 
pleted advanced  solid-propellant  re- 

search facility.  Construction  is  sched- 
uled to  begin  April,  with  occupancy  in 

October. 

LAVOIE  LABORATORIES,  INC., 
Morganville,  N.J.  is  building  a  new  Test 
Dept.  facility.  The  company  produces 
and  develops  electronic  systems,  instru- 

ments and  automatic  test  equipment  for 
military  and  industrial  applications. 

DEFENSE  ELECTRONICS,  INC. 
Rockville,  Md.,  has  established  an  engi- 

neering office  in  Winter  Park,  Fla.  to 
provide  engineering  liaison  assistance  to 
the  AMR  at  Cape  Canaveral,  Marshall 
Space  Flight  Center  and  other  users  of 
DEI  telemetry,  tracking,  data  proc- 

essing and  other  equipment. 

IBM'S  Federal  Systems  Div.  estab- 
lished an  additional  engineering  labora- 

tory at  Fort  Lauderdale,  Fla.,  to  de- 
velop advanced  military  control  and 

space  support  systems.  Occupancy  is 
scheduled  in  April,  with  500  engineer- 

ing personnel  to  be  added  in  the  follow- 
ing 15  months. 
The  group  will  translate  government 

requirements  for  total  mobile  and 
ground-based  information-handling  and 
control  systems  into  electronic  equip- 

ment in  such  areas  as  space  support, 
space  surveillance,  undersea  warfare, 
command  and  control,  and  intelligence. 

CENTECH  CORP.  has  been  formed 
in  Des  Plaines,  111.,  as  an  R&D  firm  in 
the  fields  of  electromechanics,  electron- 

ics, instrumentation,  metals,  materials 
and  operations.  President  is  Dr.  Robert 
Petersen,  former  president  of  Booz- 
Allen  Applied  Research  Inc. 

TRW  ELECTRONICS  INC.  was 
established  as  a  subsidiary  of  Thompson 
Ramo  Wooldridge  Inc.  to  provide  man- 

agement, marketing,  administrative  and 
technical  services  for  a  number  of  elec- 

tronic organizations  within  the  parent 
company.  Products  marketed  by  TRW 
Electronics,  with  an  established  $50 
million  in  sales,  include  precision  elec- 

tronic components  and  assemblies  for 
use  in  industrial  and  consumer  goods 
as  well  as  in  military  equipment. 

CUBIC  CORP.  has  formed  a  British 
subsidiary,  Cubic  Electronics  Ltd.,  with 
offices  in  London.  Negotiations  are 
under  way  with  several  English  firms  to 
promote  and  manufacture  modified  ver- 

sions of  Cubic  aerospace  tracking  sys- 
tems for  sale  both  in  Great  Britain  and 

throughout  the  Commonwealth. 

WYLE  LABORATORIES  has  ac- 
quired Liberty  Electronics  Corp.  and 

two  affiliated  companies,  Flight  Elec- 
tronics Supply  Corp.  and  Atlas  Elec- 
tronics, Inc.  Liberty  and  Flight  are  in 

Inglewood,  and  Atlas  in  San  Diego. 

ATLANTIC  RESEARCH  CORP. 
acquired  General  Communication  Co. 
of  Boston.  GC  designs  and  manufac- 

tures IFF  gear,  coaxial  switches,  radar 
beacons,  and  pulse-power  calibrators. 
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Among  Top  EDTR  primes  .  .  . 

Many  New  Names  on  Contractor  List 

A  QUICK  PERUSAL  of  the  list  of 
500  military  prime  Experimental,  De- 

velopment, Test  and  Research  (EDTR) 
contractors  for  Fiscal  1961  shows  that 
of  the  total  approximately  25%  did  not 
appear  on  the  Fiscal  '60  list.  Also,  al- 

though total  awards  of  $10,000  or  more 
for  EDTR  increased  from  $5,532  mil- 

lion in  '60  to  $6,025  in  '61  the  top  five 
firms  account  for  39.2%  of  the  total 
this  year,  as  compared  with  42.2%  last 
year. 

Lockheed  and  General  Dynamics 
traded  places  for  the  No.  1  spot,  while 
North  American  and  General  Electric 
retained  third  and  fourth  respectively 

and  Martin  replaced  Western  Electric 
in  the  fifth  position. 

Several  others  jumped  far  above 
their  last  year's  standings  to  find  a  firm 
berth  in  the  top  100  for  Fiscal  '61. 
Among  them:  Yardney  Electric  Corp. — 
from  393  to  62;  Geotechnical  Corp. — 
from  162  to  60;  Solar  Aircraft  Co. — 
from  255  to  74;  and  National  Cash 
Register  Co. — from  171  to  95.  Some, 
of  course,  went  the  other  way.  For 
example:  Raytheon  Co. — from  19  to 
24;  Burroughs  Corp. — from  32  to  48; 
Litton  Systems,  Inc. — from  39  to  61; 
and  Chrysler  Corp. — from  62  to  93. 

Dollar-wise,  many  firms  received  al- 

most the  same  amount  of  awards  in 
both  years;  Sylvania  Electric  Products, 
Inc.,  McDonnell  Aircraft  Corp.,  Motor- 

ola Inc.,  Curtiss-W right  Corp.,  and  Gal- 
lery Chemical  Co.,  to  name  a  few. 

Contractors  on  this  top  500  list 
accounted  for  98.8%  of  the  total  awards 
in  '61;  98.4%  in  '60  and  99.3%  in 
Fiscal  '59.  In  '61  as  in  '60,  88%  of  the 
EDTR  awards  went  to  U.S.  firms  for 
work  with  guided  missiles,  aircraft, 
ships  and  electronics. 

Of  the  total  1782  contractors,  416 
were  government,  non-profit  or  foreign 
organizations,  570  large  U.S.  firms  and 
796—58.3%  small  firms. 

FY  '67 Rank COMPANY 
FY  '67        FY  '60 Contracts 

fin  thousands) FY  '67 Rank COMPANY 

FY  '67        FY  '60 Contracts 
fin  thousands) 

J 

(2)* 
General  Dynamics  Corp. 577,034 528,057 57 148) Curtiss-Wright  Corp. 

8,673 8,905 2 (7) Lockheed  Aircraft  Corp. 576,341 666,306 
52 

f52) Sanders  Associates,  Inc. 
8,583 

8,309 
3 (3) North  American  Aviation,  Inc. 505,405 473,797 53 180) Aircraft  Armaments,  Inc. 

8,453 3,636 4 14) General  Electric  Co. 384,625 
396,722 

54 (45) Hoffman  Electronics  Corp. 
8,322 

9,874 
5 (6) Martin  Co. 319,743 245,799 55 (49) Fairchild  Camera  &  Instr.  Corp. 

8,274 
8,837 6 (7) Boeing  Co. 291,831 205,734 

56 (47) General  Precision,  Inc. 
8,7  72 

9,043 
7 (5) Western  Electric  Co. 279,236 

270,306 57 
(90) Control  Data  Corp. 

7,476 
2,965 8 (8) Aerojet-General  Corp. 193,214 

782,464 
58 (50) Land  Air,  Inc. 

7,302 
8,789 

9 (12) Thiokol  Chemical  Corp. 151,296 
99,355 

59 (46) Chance  Vought  Corp. 
7,742 

9,866 
10 (10) Westinghouse  Electric  Corp. 149,441 

7  7  8,448 
60 (162) Geotechnical  Corp. 

7,036 7,074 17 (9) Sperry  Rand  Corp. 145,319 
7  20,077 6  7 

(39) Litton  Systems,  Inc. 
6,928 

7  3,882 
72 f77) Douglas  Aircraft  Co. 7  32,978 

700,264 62 
(393) Y ardney  Electric  Corp. 

6,775 
245 

73 (16) United  Aircraft  Corp. 7  05,434 
78,345 

63 (37) Collins  Radio  Co. 

6,763 
76,366 74 (35) Pan  American  Wld.  Awys.,  Inc. 98,7  00 

7  7,626 64 

(76) Gilfillan  Brothers,  Inc. 

5,964 

4,249 
75 (18) IT&T 

96,910 
77,563 

65 Not  Listed F.M.C. 

5,705 
76 (14) General  Motors  Corp. 95,985 

87,595 
66 (79) Varian  Associates 

5£64 3,793 77 (13) Radio  Corp.  of  America 88,200 
91,996 67 

(59) Melpar,  Inc. 

5,382 
6,271 

78 (15) Avco  Corp. 82,724 
80,781 

68 
(58) 

Acoustica  Associates,  Inc. 
5,726 6,272 

79 (24) Hercules  Powder  Co. 72,665 
36,633 69 

(64) Atlantic  Research  Corp. 

4,928 
5,664 

20 (20) Bendix  Corp. 71,460 
67 ,509 

70 Not  Listed U.S.  Underseas  Cable  Corp. 
4,862 

27 (21) Hughes  Aircraft  Co. 58,742 
60,445 

77 (55) Hallicrafters  Co. 

4767 
7,289 22 (31) Philco  Corp. 57,643 

24,996 
72 (78) 

Edo  Corp. 

4,706 
3,903 23 (17) Space  Technology  Lab.  Inc. 51,366 

76,907 
73 (39) Litton  Industries  Inc. 

4,663 13,882 24 (19) Raytheon  Co. 45,198 
69,473 

74 (255) Solar  Aircraft  Co. 
4,498 

516 
25 (33) 1  6  M 38,609 

20,554 
75 (133) Continental  Avia.  &  Eng.  Corp. 

4,486 
7,380 

26 (22) American  Bosch  Arma  Corp. 37,279 
56,037 

76 

(74) Callery  Chemical  Co. 

4,153 4,463 
27 (34) Ford  Motor  Co. 35,135 20,7  09 

77 (84) Cubic  Corp. 

4,130 3,388 
28 (30) Sylvania  Electric  Products,  Inc. 29,237 26,797 

78 

(57) Little  (Arthur  D.)  Inc. 

3,823 6,655 
29 (25) Northrop  Corp. 27,671 

34,627 
79 (73) General  Mills,  Inc. 

3,87  2 4,520 30 Not  listed Aro,  Inc. 26,399 80 (112) Minnesota  Min.  &  Mfg.  Corp. 

3,585 2,07  7 
37 f23) Goodyear  Aircraft  Corp. 25,265 40,357 

87 (137) Huyck  Corp. 

3,530 7,344 
32 f28J Minneapolis-Honeywell  Reg.  Co. 24,922 27,727 82 

Not  Listed Northern  Ordnance,  Inc. 
3,489 33 (36) Fairchild  Slratos  Corp. 23,290 7  6,593 

83 (61) Union  Carbide  Corp. 

3,384 6,7  93 
34 (41) Vitro  Corp.  of  America 22,323 

7  7,907 
84 (129) Federal  Electric  Co. 

3,7  67 7,475 
35 (29) American  Machine  &  Foundry  Co. 20,069 

26,782 
85 

(67) 
Cook  Electric  Co. 

3,735 5,765 
36 (27) Thompson  Ramo  Wooldridge  Inc. 17,262 33,777 

86 (75) Rohm  &  Haas  Co. 

2,923 
4,309 37 (38) General  Tire  &  Rubber  Co. 75,736 

14,644 87 

(109) Garrett  Corp. 

2,893 2,755 
38 (69) Alpha  Corp. 74,874 

4,974 
88 (86) Maxson  Electronics  Corp. 

2,806 3,248 
39 (43) Cutler-Hammer  Inc. 73,870 11,390 

89 (100) Telecomputing  Corp. 

2,535 2,607 

40 (72) Kaman  Aircraft  Corp. 7  3,780 
4,623 

90 (83) Ryan  Aeronautical  Co. 
2,527 

3,397 

47 (124) Republic  Aviation  Corp. 72,875 
7,573 97 

(54) Magnavox  Co. 
2,505 

7,342 

42 (87) Eastman  Kodak  Co. 7  2,045 
3,214 

92 (144) National  Co.,  Inc. 

2,487 7,223 
43 (42) McDonnell  Aircraft  Corp. 7  7,692 7  7,398 93 (62) Chrysler  Corp. 

2,466 
6,7  23 

44 (40) Marquardl  Corp. 7  7,467 7  2,478 
94 

(108) Belock  Instrument  Corp. 

2,373 
2,7  56 

45 (65) Bell  Aerospace  Corp. 7  7,266 
5,497 

95 

(171) National  Cash  Register  Co. 
2.287 

920 

46 (44) Motorola  Inc. 7  0,539 10,076 96 
(95) 

Technical  Operations,  Inc. 2.232 

2,822 
47 (88) Texas  Instruments,  Inc. 70,437 

3,722 
97 (89) Electro  Optical  Systems,  Inc. 

2,782 3,058 
48 (32) Burroughs  Corp. 7  0,773 23,263 98 (117) Esso  Research  &  Engineering  Co. 

2,755 
7,720 

49 (70) ACF  Industries,  Inc. 8,883 4,970 
99 (101) Dow  Chemical  Co. 

2,7  09 
2,574 

50 (102) Hazeltine  Corp. 8,675 2,563 
700 (121) United  Electro-dynamics,  Inc. 

2,7  06 
7,607 *  Position  in  FY  '60 
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reviews 

Increased  technical  responsibilities  in  the  field 

of  range  measurements  have  required  the  cre- 

ation of  new  positions  at  the  Lincoln  Labora- 
tory. We  invite  inquiries  from  senior  members 

of  the  scientific  community  interested  in  par- 
ticipating with  us  in  solving  problems  of  the 

greatest  urgency  in  the  defense  of  the  nation. 

RADIO  PHYSICS 

and  ASTRONOMY 

RE-ENTRY  PHYSICS 

PENETRATION  AIDS 

DEVELOPMENT 

TARGET  IDENTIFICATION 

RESEARCH 

SYSTEMS: 
Space  Surveillance 
Strategic  Communications 
Integrated  Data  Networks 

NEW  RADAR  TECHNIQUES 

SYSTEM  ANALYSIS 

COMMUNICATIONS: 
Techniques  •  Psychology  •  Theory 

INFORMATION  PROCESSING 

SOLID  STATE 

Physics,  Chemistry,  and  Metallurgy 

•  A  more  complete  description  of  the  Laboratory's 
work  will  be  sent  to  you  upon  request. 

All  qualified  applicants  will  receive  consideration  for  employment  without regard  to  race,  creed,  color  or  national  origin. 

Research   and  Development 

LINCOLN    LABOR  AT  ORY 

Massachusetts  Institute  of  Technology 
BOX  26 
LEXINGTON    73,  MASSACHUSETTS 

ALLOYING  ELEMENTS  IN  STEEL,  2nd  Edition, 
Edgar  C.  Bain  and  Harold  W.  Paxton.  American 
Society  for  Metals,  Metals  Park,  Ohio.  340  pp., 

$9.50. Originally  published  in  1939,  the  vol- ume has  been  completely  reviewed  and 
revised  to  reflect  metallurgical  advances 
in  the  past  20  years.  It  now  covers  recent 
research  in  iron-alloy  equilibrium  dia- 

grams, as  well  as  recent  theory  on  marten- site  and  its  tempering. 

Contents  include  chapters  on  "Funda- 
mental Characteristics  of  Steel,"  "Alloying 

Elements  in  Unhardened  Steel,"  "Effects 
of  the  Elements  in  Hardening  Steel,"  and 
"Effects  of  Alloying  Elements  in  Tem- 

pering." 

APPLIED  OPTICS,  new  bimonthly  journal  of  the 
Optical  Society  of  America,  1155  16th  St.  N.W., 
Washington  6,  D.C.  Subscriptions:  OSA  members, 
$8  per  year,-  nonmembers,  $10  per  year. 

The  first  issue  concentrates  on  "Optical 
Pumping  and  Masers."  A  slick  magazine 
following  traditional  tech-journal  format 
and  content,  it  presents  some  of  the  better 
research  papers  of  1961  in  the  laser  field. 

Among  the  1 1  papers  presented  are 
details  on  optical  pumping;  composite- 
rod,  ruby  and  hydrogen  masers;  a  new 
approach  to  Fabry-Perot  interferometer 
use  in  lasers  (paper  in  French);  plus  sev- 

eral papers  on  laser  materials. 

PLASMAS  AND  CONTROLLED  FUSION,  David  J. 
Rose  and  Melville  Clark,  Jr.  M.l.T.  and  John 
Wiley  &  Sons,  Inc.,  New  York.  493  pp.,  $10.75. 

Presented  in  this  graduate-level  text- 
book are  the  principles  underlying  plasma 

physics  and  controlled  fusion. 
The  first  12  chapters  cover  plasma 

physics,  hydromagnetics,  and  elementary 
gaseous  electronics  in  association  with 
transport  and  electromagnetic  theories. 
The  last  four  chapters  deal  with  the  con- 

trolled fusion  problem,  including  experi- 
mental and  theoretical  approaches,  and 

methods  of  eventual  energy  recovery. 

AIR  FORCE  SCIENTIFIC  RESEARCH  BIBLIOG- 
RAPHY, Vol.  I.  Order  from  Superintendent  of 

Documents,  U.S.  Government  Printing  Office, 
Washington  25,  D.C.  Qualified  requestors  may 
obtain  copies  from  the  Armed  Services  Technical 
Information  Agency,  Arlington  Hall  Station, 
Arlington  12,  Va.  1150  pp.,  $6.75. 

This  is  an  extensive  bibliography  of 
abstracts  of  Air  Force-supported  basic  re- 

search projects  accomplished  between  1950 
and  1956. 

The  collection  of  over  4000  basic  re- 
search summaries  is  the  result  of  a  manual 

search  of  technical  libraries,  government 
repositories  and  45  domestic  and  foreign 
professional  journals  and  other  scientific 
publications. 

In  addition  to  a  detailed  alphabetical 
subject  index,  the  entries  are  indexed  by 
contractors,  authors,  and  AFOSR  control 
numbers.  All  entries  are  coded  for  direct 
input  into  automatic  information  storage 
and  retrieval  system. 
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soviet  affairs 

By  Dr.  Albert  Parry 

Use  of  rockets  to  change  the  Earth's  climate 
is  suggested  by  V.  B.  Cherenkov,  a  Soviet  engineer.  His  proposal,  as 
summarized  by  V.  Komarov  in  Krasnaya  Zvezda,  the  armed  forces 
daily,  is  aimed  at  "the  betterment  of  the  Earth's  climate  through  the 
utilization  of  those  sun-rays  which  presently  travel  past  our  planet." Rockets  can  be  used,  Cherenkov  declares,  to  create  around  the  Earth 
a  huge  flat  ring  composed  of  tiny  dust  particles  which  would  improve 
our  climate  by  "intercepting  such  sun-rays,  directing  them  to  the  Earth, 
and  thus  furnishing  the  Earth's  surface  with  additional  warmths."  The ring  should  be  placed  in  such  a  way  as  to  bring  far  more  of  this 
supplementary  heat  into  our  polar  regions  than  to  our  equatorial  areas. 

A  new  anti-corrosion  lubricant 

is  reported  in  Krasnaya  Zvezda  as  being  greatly  superior  to  any  other 
yet  known,  certainly  better  "than  the  so-called  consistent  lubricants." 
Developed  by  the  researchers  of  the  Soviet  petroleum  industry,  and 
called  "Neftegaz-203,"  the  new  lubricant  "contains  the  chemical  sub- 

stance known  as  inhibitor."  Every  kind  of  metal  and  alloy  is  said  to 
respond  to  the  new  lubricant  much  better  than  to  any  older  oil. 

Cobalt  can  eventually  be  mined 

from  the  floor  of  the  earth's  oceans,  Professor  G.  A.  Krutov  states  in 
his  book  Mestorozhdeniya  Kobal'ta  (Cobalt  Deposits).  He  estimates 
the  Earth's  accessible  surface  deposits  of  cobalt  at  one  million  tons,  and 
argues  that  should  man  in  time  evolve  methods  of  mining  the  ocean 
floors  he  would  reach  a  total  of  nearly  two  billion  tons  of  cobalt.  These 
below-water  deposits,  he  explains,  are  concentrated  in  "iron  and  manga- 

nese concretions." 

What  is  the  moon  made  of? 

Its  upper  stratum  consists  not  of  basalt,  "as  it  was  earlier  thought,"  but 
basically  of  diorite,  granite,  and  gabbro,  says  Professor  V.  Troitsky  of 
Moscow,  a  doctor  of  physics  and  mathematics,  in  reporting  on  his  and 
his  staff's  investigations  of  the  moon  through  radio-waves.  He  refutes 
"the  opinion  predominating  until  now  that  the  moon's  upper  cover 
is  an  ocean  of  jagged  dust."  He  adds  that  it  is  possible  to  liken  the 
moon's  surface  to  cotton,  since  in  weight  it  is  twice  as  light  as  water. 

Lecturers  in  nuclear  physics  and  radioelectronics 
as  well  as  rocket  technology  are  being  regularly  given  to  officers  and 
men  of  the  Soviet  rocket  troops,  according  to  Krasnaya  Zvezda.  And 
the  daily  of  Communist  Youth  League,  Komsomolskaya  Pravda,  main- 

tains that  by  December,  1961,  almost  every  member  of  the  Soviet 
rocket  troops  had  a  minimum  education  of  10  years  (equivalent  to  a 
U.S.  high  school  graduation)  or  a  technicum  (roughly  equal  to  our 
manual  training  school). 

New  Soviet  books  on  rocketry 

include  The  English-Russian  Dictionary  of  Anti-Aircraft  and  Anti- 
Rocket  Defense,  which  will  appear  soon,  and  the  recently  issued  56- 
page  booklet  entitled  The  Battle  Use  of  Antitank  Guided  Missiles  by 
V.  M.  Shaikov  and  V.  I.  Yevdokimov.  The  publisher  of  both  is  Voyeniz- 
dat  (the  Military  Publishing  House  in  Moscow). 

Russian  training  methods  for  Enos 

assured  the  success  of  the  American  space-traveling  monkey.  This 
assertion  is  made  by  S.  Kondrashov  in  Izvestia.  He  writes  that,  to  elicit 
from  Enos  those  proper  responses  to  light  signals  during  the  rocket 
flight,  the  U.S.  monkey  "had  been  trained  according  to  the  Pavlov 
system  of  conditional  reflexes." 
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This  Univac  computer  measures 
just  one  cubic  foot!  It  is  a  powerful, 
general  purpose  space-borne  compu- 

ter, utilizing  thin  film  memory,  welded 
connectors  and  encapsulated  circuit 
modules  which  have  been  designed 
for  extreme  reliability  and  adapta- 

bility to  numerous  severe  environ- 
mental space  and  airborne  applica- 

tions. Career  opportunities  inherent 
in  such  projects  are  obvious,  and 
qualified  applicants  are  urged  to  in- 

vestigate them  immediately. 

The  following  are  among  those  positions 
now  available: 

SYSTEM  DESIGN  ENGINEERS 
for  circuit  development  work  and  the  log- 

ical design  of  high  speed  computer  ele- 
ments. Engineering,  Math  or  Physics 

degree  with  extensive  systems  experience. 

COMMUNICATIONS  ENGINEERS 
should  have  EE  degree,  three  or  more 
years  with  high  speed,  long  range  digital 
transmission  systems.  Missile  range  in- formation accumulation  and  transmission 
valuable. 

MARKETING  &  APPLICATIONS  ENGINEERS 
must  have  5  years  or  more  experience  in 
the  aero-space  or  weapons  systems  field, 
plus  BS  degree  in  engineering,  math  or 
physics.  Should  be  qualified  through  ex- 

perience to  develop  and  market  large 
scale  military  systems. 

Send  complete  resume  of  experience 
and  education  to: 

R.  K.  PATTERSON,  Dept.  B-2 

REMINGTON  RANO 

U  IM  I  VAC 

DIV'BION  OP  SPERRY  RANO  CORPORATION 

Univac  Park  •  St.  Paul  16,  Minnesota 

(An  equal  opportunities  employer) 
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contracts 

AIR  FORCE 

$49,498,780 — General  Dynamics  Corp.,  San 
Diego,  lor  Installation  and  checkout  of  F- serles  Atlas  missiles  and  for  engineering 
design,  development  and  fabrication  of 
Atlas  boosters  (2  contracts) . 

$13,491,630— General  Electric  Co.,  Philadel- 
phia, for  development  and  fabrication  of 

the  Titan  II  re-entry  vehicle,  for  design 
and  production  of  lntercomplex  commu- nications system  for  the  Titan  II,  and  for 
Installation  and  checkout  of  Atlas  mis- 

siles (4  contracts) . 
$6,211,773 — General  Electric  Co.,  Defense  Sys- 

tems Department,  Syracuse,  N.T.,  for 
precision  trajectory  measurement  system. 

$5,472,000  —  Aerojet    General    Corp.,  Sacra- 

mento, Calif,  for  research  and  develop- ment of  an  Improved  stage  II  Minuteman 
motor,  for  logistic  support  of  the  Titan 
test  program,  and  for  spare  parts  and 
ground  equipment  for  Titan  propulsion 
systems  (3  contracts). 

$4,900,000 — Radio  Corp.  of  America,  Moores- 
town,  N.J.,  for  work  on  the  BMEWS  sys- tem (supplemental  contract) . 

$3,944,682 — North  American  Aviation,  Downey, 
Calif.,  for  spare  parts  for  Minuteman 
guidance  systems  and  for  Atlas  propulsion 
systems. 

$3,450.000 — Lockheed  Aircraft  Corp.,  Sunny- vale, Calif.,  for  research  and  development 
for  space  satellite  vehicle  programs  (sup- 

plemental contract) . 
$2.736,140 — North    American    Aviation,  Inc., 

Canoga  Park,  Calif.,  for  support  of  a 
NASA  rocket  engine  program  (supple- mental contract) . 

$2,366,700  —  Raytheon  Co.,  Waltham,  Mass.. for  production  of  electronic  tubes  for  a 
radar  system. 

$2,250,000  —  General  Dynamics  Corp.,  San 
Diego,  for  ground  equipment  for  Atlas 
missiles. 

$2,006,400  —  Space  Technology  Laboratories, 
Inc.,  Los  Angeles,  for  systems  engineering 
and  technical  direction  for  the  Atlas, 
Titan  and  Minuteman  systems. 

$1,665.000 — Martin  Marietta  Corp.,  Denver,  for 
follow-on  support  and  establishment  of  a 
rapid  communication  system  for  Titan  I missile  system. 

$1.500,000— Hercules  Powder  Co.,  Wilmington. 
Del.,  for  research  and  development  for  an 
Improved  stage  III  Minuteman  motor (letter  contract) . 

$1,000,000— Western  Electric  Co.,  New  York, 
for  design,  development  and  fabrication 
of  a  guidance  system  for  the  Titan  missile 
(supplemental  contract) . 

ARMY 
$4,642,448— Sperry  Rand  Corp.,  Sperry  Utah Co.,  Salt  Lake  City,  for  ground  support 

and  missile  test  items,  repair  parts,  and 
industrial  engineering  services  for  the 
Sergeant  guided  missile  system  (10  con- tracts ) . 

$322,223— Stolte,  Inc.,  Los  Angeles,  for  propel- 
lant  tank  farm  at  Vandenberg  AFB,  Calif. 

$265.237— American  Astro  System,  El  Monte. Calif.,  for  shelter  shop. 
$160,354— GilnUan  Bros.,  Inc.,  Los  Angeles, 

for  spare  parts  for  the  Corporal  and  Ser- 
geant guided  missile  systems  (2  con- 

tracts ) . 
$136,684 — Douglas  Aircraft  Co.,  Santa  Monica. 

Calif.,  for  Nike  field  change  kits  (2  con- 
tracts) . 

INDUSTRY 
$1,435,372  —  Arde-Portland,  Inc.,  Paramus, 

N.J.,  from  Thiokol  Chemical  Corp.,  for 
design  and  manufacture  of  moveable  noz- zles and  fabrication  of  heavyweight  cases 
for  the  Dyna-Soar  acceleration  rocket  (3 contracts) . 

$1.422,000 — Barnes  Engineering  Co.,  Stam- ford, Conn.,  from  Lockheed  Missiles  and 
Space  Co.,  for  horizon  sensors  for  Agena 
space  vehicles. 

$420,000— Motorola,  Inc.,  Scottsdale,  Ariz., 
from  Boeing,  for  electronic  parts  for Bomarc  B. 

NASA 
$26,000,000  —  Aerojet-General  Corp.,  Azusa, 

Calif.,  for  further  development  of  the 
nuclear-powered  rocket  NERVA  (joint contract  with  AEC). 

$590,000 — University  of  California,  Berkeley, 
for  a  four-year  study  and  assessment  of 
the  physiological  hazards  of  space  flight. 

NAVY 

$32,426,000  —  Westinghouse  Electric  Corp., 
Pittsburgh,  for  nuclear  reactor  compo- nents for  Polaris  submarines. 

$9,997.700 — Applied  Physics  Laboratory,  Silver 
Spring,  Md.,  for  continued  research  and 
development  work  on  the  Bumblebee  mis- sile program. 

$2,954,367 — Marine  Division,  Sperry  Gyroscope 
Co.,  Syosset.  L.I.,  N.Y.,  for  management of  SINS  program. 

$1.000.000— General  Electric  Co.,  Pittsfleld, 
Mass..  for  portable  test  equipment  for 
guidance  system  checkout  in  connection with  the  Polaris  program. 

$690,762 — Maino  Construction  Co.,  Inc.,  San 
Luis  Obispo,  Calif.,  for  construction  of 
Polaris  "pop-up"  facilities  at  San  Cle- mente  Island,  Calif. 

MIL-JAN-FEDERAL-QQ 

SPECIFICATIONS  &  STANDARDS  BOOKS 
24  HOUR  SERVICE  ON  MIL  SPECS 

When  time  is  of  the  essence,  you  can  depend  on  AIR  WORLD  PUBLICATIONS  to  de- 
liver the  specs  you  need  immediately.  The  average  cost  of  supplying  a  reproduced 

specification  within  24  hours  is  $3.00. 
MILITARY  SPECIFICATIONS  CONTROL 

Air  World  Publications  provide  a  service  for  the  company  that  is  interested  in  main- 
taining a  library  of  Mil  Specs  and  documents  that  pertain  only  to  their  particular 

interest.  This  specific  library  avoids  the  complexities  of  sorting  out  the  prodigious 
number  of  specifications  involved  with  Government  procurement  activities. EXAMPLE  OF  MILITARY  SPECIFICATION  CONTROL; 
For  a  manufacturer  of  bolts  and  screws,  AIR  WORLD  would  select  all  applicable  specifications;  i.e.,  Metals, plating,  inspection,  quality  control,  heat  treating,  threading,  packaging  and  all  other  related  documents. This  complete  and  comprehensive  library  will  enable  the  user  to  comply  with  all  Government  contractual requirements.  In  addition  to  the  initial  library,  AIR  WORLD  monitors  all  changes,  revisions,  supplements  and new  documents,  and  sends  them  to  the  subscriber  automatically. 

MIL  SPECS 
The  following  is  a  partial  list  of  Mil-Spec  categories  available: □  ADHESIVES  □  PAINT  □  TEXTILES □  CABLES,  WIRE  &  ROPE  Q  CHEMICALS  &  COMPOUNDS  □  LEATHER  &  LEATHER  GOODS □  GLASS  &  GLASS  PRODUCTS  □  FASTENERS  &  HARDWARE  C  METALS  &  METAL  PRODUCTS □  ELECTRONIC  EQUIPMENT  □  WOOD  &  WOOD  PRODUCTS  Q  INSPECTION  METHODS  &  PROCESSES □  FUEL  OIL  &  GREASE  □  RUBBER  &  RUBBER  GOODS  □  PACKING*  INSULATING  MATERIALS 

STANDARD  PARTS  BOOKS 
AN  STANDARDS  (Aeronautical  Standard  Drawings) Each  set  consists  of  two  (2)  volumes  of  approximately  1500  separate  drawings  describing  standard  parts 

or  assemblies.  Drawings  are  numbered  from  AN  1-9999.  These  parts  are  the  most  commonly  used  by  Air Force/Navy  Activities  in  procurement  of  Aircraft,  Guided  Missiles,  Electronics  and  Ground  Handling  Equipment. 
□  $37.50,  complete  set  □  Revision  Service,  $3.50  per  month. AND  STANDARDS  (Air  Force/Navy  Aeronautical  Standards) Covers  materials,  processes  and  products  associated  to  the  Air  Force  and  Bureau  of  Aeronautics.  They  were developed  primarily  for  the  use  in  aircraft  structures. □  $27.50,  complete  set.  □  Revision  Service,  $3.50  per  month. AN  (SIX  DIGIT)  STANDARDS  (Aeronautical  Standard  Drawings) These  drawings  consist  of  engine  and  propeller  standard  parts.  Drawings  are  numbered  from  AN  100.000. 
These  drawings  are  intended  for  use  In  power  plants.  However,  they  may  be  used  in  the  design  and  con- struction of  airplanes  and  associated  equipment. 
□  $27.50,  complete  set.  □  Revision  Service,  $3.50  per  month. MS  (Military  Sheet  Form  Standards) These  drawings  encompass  a  consolidation  of  ALL  government  agencies  and  are  the  most  commonly  used standards  in  all  military  and  government  procurement  activities.  All  superseded  and  new  standards  are being  assigned  to  MS  Drawings.  Complete  in  4  (four)  volumes  with  appronmately  4500  drawings. □  $60.00,  complete  set.  □  Revision  Service,  $7.50  per  month. MS  (Fasfrener  and  Hardware  Standards) 
These  drawings  have  been  selected  from  the  MS  series  to  encompass  only  those  drawings  pertinent  to fasteners  and  hardware  items. 
□  $37.50,  complete  set.  □  Revision  Service,  $5.00  per  month. MS  (Electronic  and  Electrical  Standards) 
These  drawings  have  been  selected  from  the  MS  series  to  encompass  only  those  drawings  pertinent  to electronic  and  electrical  items 
□  $37.50,  complete  set.  □  Revision  Service,  $5.00  per  month. INDEX  (Department  of  Defense) 
This  index  of  specifications  and  standards  supersedes  all  other  volumes  of  military  indexes.  Includes  alpha- betical and  numerical  listings  with  cumulative  monthly  supplements  for  one  year.  Approximately  900  pages □  $30.00,  complete  set. AUTOMATIC  REVISION  SERVICE  FOR  STANDARDS  BOOKS 
New  drawings,  supplements  and  changes  occur  very  frequently  in  the  MS-AN-AND-AN  (six  digit)  Standards. Avoid  costly  errors  by  having  your  standard  books  current  at  all  times.  Revisions  are  mailed  as  often  as 
they  occur.  MS  revisions  alone  are  currently  averaging  250  new  changes  and  supplements  each  month. 

QPL  (QUALIFIED  PRODUCTS  DIRECTORY) A  complete  listing  of  manufacturers  addresses,  with  plant  locations,  whose  products  have  been prior  tested  and  qualified  to  existing  military  specifications.  Invaluable  to  Purchasing  Agents. Buyers,  Engineers,  Inspectors.  Librarians,  etc.  Encompasses  subjects  such  as:  electronic  and mechanical  items,  batteries,  solder  type,  electronic  tubes,  bolts,  switches,  indicators,  transistors, valves,  and  many  others  This  publication  is  used  as  a  time  and  money  saving  device  by  many of  the  leading  companies  throughout  the  world.  Complete  set  in  two  (2)  volumes.  Revision 
service  assures  an  up-to-date  directory  of  all  new  items  approved  and  their  manufacturers,  as well  as  those  manufacturers  whose  items  or  products  are  no  longer  qualified  to  the  military specifications  list. 
□  This  invaluable  QPL  Directory,  $42.50,  complete  set.      □  Revision  Service,  $7.50  per  month. IN  THE  PAST  YEAR 

MORE  THAN  6000  FIRMS,  THROUGHOUT  THE  WORLD.  HAVE  RELIED  ON  AIR  WORLD  PUBLICATIONS TO  SUPPLY  SPECS  AND  STANDARD  BOOKS 
USE  THIS  AD  AS  YOUR  ORDER  FORM 
CHECK  BOOKS  DESIRED  WHERE  INDICATED        □  CHECK  ENCLOSED^ 

Mail  To:  AIR  WORLD  PUBLICATIONS 
DEPT.  A-101,  6235  SANTA  MONICA  BOULEVARD LOS  ANGELES  38.  CALIFORNIA 
PHONE:  HO  4-7383         TWX:  LA  594 
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New  Product  of  the  Week: 

Voltmeter/ Ratiometer 

A  combination  d-c  digital  voltmeter 
and  ratiometer  has  been  developed  by 
Cohu  Electronics,  Kin  Tel  Division. 

Four  automatically-selected  ranges 
permit  voltage  measurement  between 
±100  microvolts  and  ±1000.0  volts,  ra- 

tios between  ±0.0001:1  and  ±999.9:1. 
Measurement  range,  decimal  point 
placement,  and  polarity  or  ratio  symbol 
selection  are  all  automatic  and  accurate 

Wedge-Action  Relay 
A  Mark  II  Type  1000  series  of 

relays  that  meets  the  requirements  of 
MIL-R-5757  D  for  125°C  operation 
are  available  from  Electro-Tec  Corp. 
The  relay  incorporates  the  patented 
"Wedge  Action"  principle,  proven  as 
the  principal  design  feature  of  the  Mark 
II  Type  2000  series,  rated  at  200°C, 
and  is  available  at  a  considerable  re- 

duction in  price.  For  applications  not 
requiring  the  ability  of  the  Type  2000 
Mark  II  relay  to  withstand  extreme  tem- 

perature (up  to  200°C),  the  unit  offers substantial  economies. 
Circle  No.  226  on  Subscriber  Service  Card 

Electro-Hydraulic  Forming 
General  Electric  Co.  is  marketing 

electro-hydraulic  power  equipment 
which  shocks  hard-to-form  metals  into 
shape  for  Space-Age  products. 

The  metal-forming  units  utilize  elec- 
tric arcs  instead  of  conventional  chemi- 
cal explosives  to  fabricate  titanium, 

niobium,  columbium,  stainless  steel, 
tungsten,  and  beryllium  alloys.  The 
equipment  is  adaptable  to  installation 
in  a  production  line,  requires  a  rather 
small  die  and  facilities  investment,  op- 

erates in  a  simple,  repetitive  fashion 

within  0.01%  of  the  indicated  value 
±1  digit. 

Any  external  reference  between  ±1 
and  ±100  volts  may  be  used.  Positive 
or  negative  references  may  be  used 
simultaneously,  and  the  internal  cir- 

cuits will  select  automatically  the  refer- 
ence having  the  same  polarity  as  the 

unknown  input. 
Circle  No.  225  on  Subscriber  Service  Card 

and  features  extremely  high-accuracy 
of  part  reproduction.  The  development 
eliminates  explosion  shelters,  special 
handling  methods  and  other  time-  and 
cost-consuming  procedures  usually  as- 

sociated with  explosive  forming. 
Circle  No.  227  on  Subscriber  Service  Card 

Feed  Back  Servo 

A  low  cost,  motor  speed  control  unit 
incorporating  a  feed  back  signal  in  a 
servo  loop  has  been  introduced  by  the 
Controls  Division  of  Copy  Research 
Corp.  Constant  torque  at  all  speeds  is 
provided  through  the  use  of  the  servo 

principle.  Precise  speed  control  is  main- 
tained regardless  of  wide  load  fluctua- 
tions. Motor  speed  may  be  varied  over 

a  15:1  speed  range  and  reversed  with- 
out change  in  torque.  The  unit  com- 

bines miniaturization  with  adaptability 
and  reliability  and  may  be  used  as  a 
portable  or  panel-mounted  instrument. 

Circle  No.  228  on  Subscriber  Service  Card 

Acceleration  Switch 
The  Polomar  acceleration  switch,  a 

product  extension  of  the  basic  servoed 
linear  accelerometer,  has  been  devel- 

oped by  Palomar  Scientific  Corp.  The 
single-axis  accelerometer  delivers  a  con- 

tinuous voltage  analog  of  acceleration 
to  voltage  detector  which  produces  an 
output  to  actuate  the  switching  element 
when  the  input  acceleration  has  attained 
a  preset  level.  Applications  include  g- 
limiting,  detection  of  first  motion  at 

launch,  stage  separation  indication,  de- 
tection of  atmospheric  re-entry  and 

others.  A  versatile  choice  of  solid  state 
and  relay  output  switching  elements  is 
available. 

Circle  No.  229  on  Subscriber  Service  Card 

Conductive  Plastic 

Chomerics,  Inc.,  has  developed  con- 
ductive plastic  system  whose  perform- 

ance is  equivalent  to  the  expensive  gold- 
and  silver-filled  plastics  now  being  used. 
This  system  can  be  used  as  a  paint,  ink, 
solder,  or  molding  resin.  Conductivities 
can  be  controlled  in  the  range  of  100 
to  0.01  ohm-centimeters. 

Circle  No.  230  on  Subscriber  Service  Card 

Operational  Amplifier 

Navigation  Computer  Corp.  is  pro- 
ducing a  Model  3PA6G  Operational 

Amplifier.  The  Model  3PA6G  is  a  high- 
gain  d-c  amplifier  which  is  designed  for 
maximum  versatility  in  data-handling 
systems.  The  mitter  follower  output 
stage  can  be  connected  either  in  phase 
or  out  of  phase  with  the  input;  and 
feedback  brought  back  to  the  input, 
giving  a  low  input  impedance,  or  to  the 
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Four  outstanding 

Boeing  openings  in 

METROLOGY 

The  Boeing  Primary  Standards 
Laboratory  in  Seattle  is  expanding 
into  a  new  laboratory  building  that 
will  provide  measurement  facilities 
and  capabilities  unsurpassed  in  pri- 

vate industry.  This  continuing  growth 
has  created  immediate  openings  that 
oiler  exceptional  opportunities  for 
professional  advancement : 

ACOUSTICAL  ENGINEER 

This  position,  requiring  a  B.S.  or 
advanced  degree  in  Physics,  Mathe- 

matics or  EE,  involves  research,  in- 
vestigation and  implementation  of 

measurement  systems  and  techniques 
for  acoustical  standards.  Experience 
in  instrument  analysis  or  develop- 

ment required. 

MECHANICAL  ENGINEER 
Duties  involve  the  development  and 
implementation  of  precision  mea- 

surement equipment  calibration 
techniques.  Should  have  a  B.S.  or 
advanced  degree  in  ME  or  equivalent, 
with  applicable  experience  in  ma- 

chine shop,  gauge  design  or  quality 
control. 

PHYSICIST-ELECTRICAL 
ENGINEER 

Responsibilities  include  development 
of  facilities,  techniques  and  proce- 

dures for  magnetic  measurements. 
Requirements  include  an  engineer- 

ing degree,  plus  experience  in  pre- cision  measurement  instrumentation. 
Advanced  degree  desirable. 

HIGH  FREQUENCY 

MEASUREMENT 

ENGINEER 

A  B.S.  or  advanced  degree  in  EE  or 
Electronics  is  required  for  this  posi- 

tion, which  involves  assignments  to 
develop  and  implement  measurement 
equipment  and  calibration  tech- 

niques. Four  years  of  applicable  ex- 
perience is  essential. 

Please  telephone  collect,  Mr.  Jim 
O'Bannon,  at  JUniper  5-4611,  Seattle, for  further  information.  If  you  are 
unable  to  call,  send  your  resume  to 
Mr.  Carl  A.  Anderson,  The  Boeing 
Company,  P.  0.  Box  3T07-MRL, 
Seattle  24,  Washington.  Boeing  is  an 
equal  opportunity  employer. 

opposite  side  of  the  first-stage  difference 
amplifier,  giving  a  high  input  impedance. 
Matched  silicon  input  transistors  are 
cemented  in  a  common  heat  sink  for 
minimum  drift. 

Circle  No.  231  on  Subscriber  Service  Card 

Miniaturized  Control  Valves 
A  series  of  slim  line  miniaturized 

control  valves  has  been  announced  by 
Bellows-Valvair,  Division  of  IBEC. 

Designed  for  "building  block"  ap- 
plications, the  valves  feature  small  en- 

velope dimensions,  and  flow  rates  of  up 
to  16  cfm  (ST  00  psi,  exhausting  to 
atmosphere.  Suitable  for  manual,  sole- 

noid or  remote  pilot  actuation  they  can 
be  mounted  singly  for  control  of  jigs 
or  fixtures  and  are  designed  for  air,  oil 
or  water  service,  at  pressures  up  to  125 

psi  and  temperatures  to  150°F. Circle  No   232  on  Subscriber  Service  Card 

Nylon  Abrasives  Deburring 

Moog  Servocontrols  Inc.  has  devel- 
oped discs  of  non-woven  nylon  fabric 

impregnated  with  very  fine  silicon  car- 
bide abrasive  and  driven  by  high-speed 

grinders  at  60,000  rpm.  The  flexible 
nylon  material  conforms  so  readily  to 
stepped  or  tapered  holes  and  threaded 
areas  that  internal  diameters  are  finished 
more  smoothly,  with  zero  disturbance 
of  critical  dimensions.  Each  bench  hand 
die-punches  out  discs  or  squares  of  the 
proper  size  as  needed;  since  wear 
slowly  reduces  the  discs,  they  are  used 
in  progressively  smaller  orifices. 

Circle  No.  233  on  Subscriber  Service  Card 

Pressure  Transducer 

Dynisco  Division  of  American 
Brake  Shoe  Co.  is  marketing  a  bi-direc- 

tional differential  pressure  transducer 
designed  for  hydraulic  pressure  meas- 

urement in  airborne  missile  environ- 
ments and  ground-test  check-out  pro- 

grams. The  PT98D  has  a  very-high-fre- 
quency response  and  small  internal  vol- 

ume, and  possesses  excellent  stability 
under  severe  environmental  conditions. 
It  utilizes  two  mechanically  independent 

pressure  capsules,  connected  electrically 
to  form  a  differential  pressure  trans- 

ducer. It  features  a  low  common-mode 
signal,  high  overload  protection,  and 
extremely  good  linerarity  and  hysteresis 
(.5%  F.S.).  Its  vibration  sensitivity  is 
negligible. 

Circle  No.  234  on  Subscriber  Service  Card 

Automatic  Leakage  Tester 
An  automatic  continuity  and  leakage 

tester  which  speeds  up  circuit  checkouts 
through  automated  techniques  is  being 
marketed  by  Datronics  Engineers,  Inc.. 
through  its  Strand  Engineering  Co. 

Designed  for  use  wherever  electronic 
equipment  is  manufactured,  maintained 
or  used,  the  tester  can  significantly  im- 

prove product  reliability  through  the 
uniformly  rigid  inspection  criteria  built 
into  the  tester. 

Featuring  large  capacity  and  flex- 
ibility of  usage,  it  provides  for  simul- 

taneous continuity  and  leakage  check- 
ing of  1000  circuits  (2000  points),  with 

full  branch  circuit  capability. 
Circle  No.  235  on  Subscriber  Service  Cord 

Digital  Timer 
A  timer  has  been  manufactured  by 

Globe  Industries,  Inc.,  with  digital  0.1 
second  increment  presentation,  with 
times  from  00.0  to  30.0  seconds,  and  is 
accurate  to  ±0.1  second  or  ±1%  of  the 
set  time.  It  requires  no  warm-up,  auto- 

matically resets  when  the  power  is 
switched  off,  provides  two  switching 

functions  capable  of  5  ampere  resistive 

loads,  operates  from  — 55°C  to  71  °C, uses  a  governed  dc  motor  drawing  18 
watts  at  27  vdc  and  meets  appropriate 
military  specifications.  Weighing  under 
2  pounds,  the  timer  is  6.205  in.  long  by 
2.265  in.  diameter. 

Circle  No.  236  on  Subscriber  Service  Card 

Heatless  Dryer 

A  heatless  dryer  for  producing 

clean,  pure,  extremely  low-dewpoint  air 
and  other  gases  is  announced  by  Ap- 

plied Pneumatics,  Inc.  The  unit  meets 
all  MIL  specifications  and  is  used  for 
cooling  electronic  devices,  instrument 
air  drying,  radar  pressurization  and 
other  industrial,  military  and  laboratory 

applications. Circle  No.  237  on  Subscriber  Service  Card 
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Another  first  for  MISSILES  AND  ROCKETS, 

presenting  all  the  nation's  military  space 
projects  and  programs  in  a  single  package  in 

M/R's  2nd  annual  research  and  engineering  issue — 
theme:  MILITARY  SPACE  SYSTEMS 

The  military  space  budget 

is  expected  to  more  than  double  in  '62 
and  the  upward  trend  will  continue. 

In  M/R's  highly  successful  NASA  issue,  published 
November  27,  1961,  M/R's  editors  totally 
covered  NASA's  programs  and  projects. 
On  March  26,  1962,  M/R  will  publish  its  second 
annual  Research  and  Engineering  issue, 

the  companion  to  the  NASA  issue.  In  it,  M/R's 
editors  will  cover  the  military  space  budget, 

programs  and  projects,  personnel,  facilities, 
and  contracting  procedures — with  emphasis 
on  what  the  military  will  buy  in  the  future. 
And  most  important  .  .  .  M/R  will  provide  an 
Industry  Guide  to  the  Military  Space  Centers. 

Plan  for  the  future  by  advertising  in 

Missiles  and  Rockets'  Second  Annual 
Research  and  Engineering  Issue — 
theme:  MILITARY  SPACE  SYSTEMS 

ADVERTISING  CLOSING  DATE:  MARCH  5 



names  in  the  news 

K.  MILLER 
O'CONNOR 

S.  W.  Towle,  Jr.:  Senior  eastern  of- 
ficer of  Northrop  Corp.'s  Washington, 

D.C.  office,  has  been  promoted  to  cor- 
porate vice  president.  Also.  Frank  W. 

Lynch  was  made  vice  president  and 
manager  of  the  Systems  Support  De- 

partment, Anaheim,  Calif.,  and  Ross 
F.  Miller  was  named  vice  president  and 
manager  of  the  Electronic  Systems  and 
Equipment  Department,  Hawthorne  and 
Palos  Verdes  Estates,  Calif. 

Matthew  W.  Urlaub:  Named  project 
manager  for  the  advanced  Saturn 
booster  at  the  George  C.  Marshall  Space 
Flight  Center. 

Dr.  William  J.  Perry:  Director  of 
the  Electronic  Defense  Laboratories, 
Sylvania  Electric  Products  Inc.,  has 
been  awarded  the  Outstanding  Civilian 
Service  Medal  by  the  Department  of 
the  Army  for  his  contributions  to  the 
development  of  highly  sophisticated 
electronic  warfare  systems  and  equip- 
ment. 

Roger  HB.  Davis:  Elected  vice 
president  and  comptroller  of  Servonics, 
Inc.,  Alexandria,  Va. 

Myron  R.  Prevatte:  Named  a  vice 

president  of  General  Precision's  Libra- scope  Division,  and  will  continue  to 
direct  operations  of  the  Division's Washington,  D.C.  customer  relations 
office. 

H.  Douglas  Lowrey  and  Everett  M. 
Scranton:  Appointed  vice  presidents  in 
the  Chrysler  Corporation  Space  Divi- 

sion. Lowrey  will  be  in  charge  of  opera- 
tions and  Scranton  will  be  vice  presi- 

dent-administration and  comptroller. 
Both  will  be  located  in  the  Space  Divi- 

sion headquarters  at  NASA's  Marshall 
Space  Flight  Center. 

Kenneth  M.  Miller:  Appointed  gen- 
eral manager  of  Singer-Bridgeport,  Mili- 
tary Products  division  of  The  Singer 

Manufacturing  Co.,  Bridgeport,  Conn. 
44 

Grant  L.  Hansen:  Former  chief  en- 
gineer-design, has  been  promoted  to 

vice  president  of  General  Dynamics/ 
Astronautics.  He  will  direct  the  Centaur 
program.  Other  executive  appointments 
in  the  expanded  Centaur  department 
are:  Edward  J.  Bryant,  manager  of  ma- 

terial; G.  Deane  Davis,  chief  of  engi- 
neering; Kenneth  W.  Jeremiah,  deputy 

program  director,  Centaur  program 
control;  Larry  G.  Granstedt,  manager 
of  operations:  and  William  R.  Monroe, 
manager  of  reliability  control. 

Donald  C.  Oskin:  Elected  vice  pres- 
ident of  Marketing  of  FMC's  chemical divisions,  New  York  City. 

G.  Paul  McCormick:  Former  assist- 
ant to  the  president,  has  been  made  a 

vice  president  of  North  American  Avia- 
tion's Columbus  Division,  Ohio.  He 

will  direct  the  division's  missile,  trainer 
aircraft,  and  surface-based  electronic 
systems  programs. 

Robert  B.  Muchmore:  Will  direct  a 
new  Physical  Research  Division  at 
Space  Technology  Laboratories,  Inc., 
Los  Angeles,  Dr.  David  B.  Langmuir 
was  named  associate  division  director. 
Also,  John  F.  Mandrow  has  been  made 

director  of  STL's  BAMBI  (Ballistic 
Anti-Missile  Boost  Intercept)  study 
program  and  will  be  assisted  by  Irwin 
Pfeffer  as  associate  study  director. 

Col.  Edmund  F.  O'Connor:  Desig- 
nated to  head  the  new  Systems  Project 

Office  for  development  of  a  mobile  mid- 
range  ballistic  missile  (MMRBM)  at  the 
Los  Angeles  Headquarters  of  the  Ballis- 

tic Systems  Division  of  Air  Force  Sys- 
tems Command. 

Dr.  Neal  M.  Burns:  Named  direc- 
tor. Advanced  Life  Sciences  Division, 

The  Decker  Corp.,  Bala-Cynwyd,  Pa. 

Bruce  A.  Winner:  New  vice  presi- 
dent-general manager,  Welton  V.  John- 

son Engineering  Co.,  Inc.,  Summit,  N.J. 

E.  Hugh  Jones  and  Jack  L.  Mustard: 
Elected  vice  presidents  of  Ex-Cell-O 
Corp.,  Detroit,  Mich.,  Jones  as  vice 
president-Manufacturing  Group,  and 
Mustard  as  vice  president-Precision 
Parts  and  Assemblies  Group. 

Fred  M.  Winnai:  Sales  manager  of 
Intercontinental  Dynamics  Corp.,  En- 
glewood,  N.  J.,  has  been  advanced  to 
the  position  of  a  vice  president  of  the company. 

Eugene  G.  Rochow:  A  professor  of 
inorganic  chemistry  at  Harvard  Univer- 

sity, was  presented  with  the  Perkin 
Medal  Award,  one  of  America's  highest honors  for  applied  chemistry,  by  the 
American  Chemical  Society.  The  award 
was  given  in  recognition  of  his  work  in 
the  early  research  in  silicone  chemistry 
at  General  Electric. 

Prof.  Frank  Verbrugge,  acting  dean 
of  the  University  of  Minnesota  Institute 
of  Technology,  assumed  the  presidency 
of  the  American  Association  of  Physics 
Teachers  at  the  annual  meeting  in  New 
York  City;  Dr.  Vincent  E.  Parker,  Head 
of  the  department  of  physics  and  astron- 

omy at  Louisiana  State  University,  was 
named  president-elect  and  will  take  of- 

fice next  year;  the  new  treasurer  is  Dr. 
Joseph  Dillinger,  professor  of  physics  at 
the  University  of  Wisconsin;  and  Dr. 
Ralph  P.  Winch,  professor  of  physics  at 
Williams  College,  was  re-elected  secre- 

tary, Prof.  Francis  W.  Sears,  chairman 
of  the  department  of  Physics  at  Dart- 

mouth College,  received  the  Oersted 
Medal,  one  of  the  highest  honors  of  the 
organization;  and  Donald  S.  Ainslie, 
University  of  Toronto,  Canada,  San- 

born C.  Brown,  Massachusetts  Institute 
of  Technology,  Gerald  Holton,  Harvard 
University,  Thomas  D.  Miner,  Garden 
City,  N.Y.  High  School,  and  H.  Victor 
Neher,  California  Institute  of  Technol- 

ogy, received  Distinguished  Service 
Citations. 
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trieval, American  University,  Wash- 
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Fifth  Annual  Technical  Conference  Society 
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editorial . . . 

A  Step  in  the  Right  Direction 

NATIONAL  AERONAUTICS  and  Space  Ad- 
ministrator James  Webb  now  is  moving  ahead 

with  a  broad  program  designed  to  bring  the  talent 
available  in  the  nation's  educational  institutions  to 
bear  on  NASA's  space  problems — both  directly 
through  research  grants  and  indirectly  through 
teaching  programs. 

One  aspect  of  this  is  a  survey  of  more  than  1000 
schools  and  universities  to  discover  their  potential 
contribution  to  the  space  effort. 

Last  week,  Congressman  Olin  Teague  (D-Tex.). 
chairman  of  the  House  Subcommittee  on  Manned 
Space  Flight,  announced  agreement  between  NASA 
and  Texas  A&M  College  for  establishment  of  a  pilot 
development  course  in  space  engineering  (see  p.  15). 

Development  of  the  pilot  course  is  only  a  small 
part  of  the  overall  NASA  educational  program.  Al- 

though funded  at  about  $50,000,  it  carries  tremen- 
dous significance.  For  one  thing,  the  program  holds 

considerable  potential  for  alleviation  of  the  engineer- 
ing shortage  in  just  the  manner  we  discussed  on 

this  page  last  week. 
The  space  engineering  program  will  be  set  up  by 

Aero  Geo  Astro  Corp.,  an  Alexandria,  Va.,  firm 
under  subcontract  from  Texas  A&M. 

The  firm's  forward-looking  president,  Kenneth 
S.  Kelleher,  has  been  working  closely  with  NASA 
Administrator  Webb,  Congressman  Teague  and  uni- 

versity officials  in  planning  the  course.  A.G.A.  is  a 
space  hardware  firm,  not  a  scientific  group.  Kelleher 
believes  strongly  that  a  need  exists  for  just  such  a 
space  engineering  course,  as  opposed  to  a  space 
science  approach. 

He  found  ready  listeners  in  Webb  and  Teague. 
The  pilot  curriculum  indicates  the  orientation  of 

the  course — covering  such  subjects  as  fabrication 
techniques,  power  sources,  telemetry,  structures  and 
spacecraft  integration. 

"It  will  help  give  a  man  confidence,"  Kelleher 
says.  "It  will  let  him  get  his  hands  dirty  and  learn 
something  about  balancing  a  payload." 

Although  undergraduate  students  will  participate 
in  the  pilot  course,  the  program  is  aimed  at  develop- 

ment of  a  six-month  intensified  space  engineering 
course  for  graduate  engineers. 

It  is  intended  for  eventual  training  of  a  number 
of  groups: 

•  The  course  will  serve  as  a  specialized  space 
engineering  course  for  Texas  A&M  graduate  students 
headed  for  employment  in  the  missile/ space  industry 
or  at  NASA's  Houston  spaceflight  center,  only  90 miles  away. 

•  NASA  can  use  the  course  for  "retraining"  of 
engineers  hired  elsewhere  in  the  country  for  work 

at  Houston  or  other  NASA  centers.  The  planning 
here  envisions  NASA  tuition  money  for  engineers  on 
the  NASA  payroll. 

•  Industry  can  enroll  its  engineers  in  a  relatively 
brief  specialized  space  engineering  course,  much  as 
it  now  sends  its  management  staff  to  courses  in  such 
institutions  as  the  Harvard  or  Stanford  business 
schools. 

We  would  like  to  suggest  one  further  step  in  the 
planning.  That  is,  establishment  of  a  number  of 
industry  and/ or  government-funded  fellowships  in- 

tended to  retrain  mature  engineers  for  eventual  em- 
ployment in  the  missile/ space  field.  These  should  in- 

clude subsistence  grants  similar  to  those  set  up  for 
professional  journalists  in  the  Harvard  Nieman  and 
Columbia  Science  Writing  programs. 

These  would  permit  the  mature  engineer  with  a 
family  to  enter  the  missile/ space  field  from  another 
field  with  the  knowledge  that  he  would  emerge  from 
the  course  an  extremely  eligible  candidate  for  em- 

ployment in  an  area  with  a  promising  future  and  a 
shortage  of  suitable  engineers. 

The  project  is  seen  as  the  model  for  a  program 
which  later  may  be  extended  to  a  number  of  other 
universities  throughout  the  nation.  Texas  A&M  au- 

thorities also  look  on  it  as  the  first  step  toward  what 
may  become  a  full-fledged  four-year  space  engineer- 

ing course  which  would  supplement  the  school's present  aeronautical  engineering  course. 

WE  THINK  THIS  is  one  of  the  most  promising 
efforts  to  date  in  the  missile/space  educational 

field. 
"It's  Jim  Webb's  idea  and  I  think  he's  right.'' 

Congressman  Teague  told  us  last  week.  "One  of  the great  wastes  of  scientific  and  engineering  knowledge 
lies  in  the  schools  throughout  the  country  not  associ- 

ated with  the  space  program. 

"I  don't  think  we  can  possibly  accomplish  what 
we're  setting  out  to  do  unless  we  tie  in  the  brain- 

power of  colleges  and  universities  with  industry." Eventually,  a  number  of  schools  probably  would 
develop  a  four-year  space  engineering  curriculum 
on  their  own  initiative.  But  the  thing  we  are  trying 
to  beat  in  the  space  race  is  time,  as  Kelleher  points 
out.  This  is  a  very  sound  effort  by  a  government- 
industry  team  to  bring  such  an  educational  develop- 

ment to  early  fruition. 
We  warmly  compliment  the  Messrs.  Webb. 

Teague  and  Kelleher,  and  Texas  A&M  for  their  part 
in  the  program.  The  industry  should  offer  its  fullest 
support  at  once. 

William  J.  Coughlin 
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Tomorrow  isn't  soon  enough  to  suit  him.  He  wants  new  answers  and  new  applications  now.  By  constantly  challenging 
the  state  of  the  art  he  keeps  it  advancing. 

If  you  share  his  itch  for  action,  come  to  Northrop  where  action  is  a  way  of  life.  Work  on  projects  ranging  from  space 
guidance  and  navigation  to  automatic  checkout  equipment,  from  computer  design  and  world-wide  communications  to 
laminar  flow  control. 

More  than  70  such  projects  are  now  in  work  at  Northrop,  with  special  emphasis  on  the  need  for  operations  research 

analysts,  physicists,  computer  circuit  designers  and  programming  engineers.  But  whatever  your  specialty,  if  you're  the 
type  of  engineer  who  likes  to  get  things  done,  Northrop  has  a  place  for  you. 

For  more  specific  information,  write  to  Northrop  Corporation,  Beverly  Hills, 
California,  and  mention  your  special  field.  You  will  receive  a  prompt  reply. 

NORTHROP 
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GUIDANCE  COMPUTER 

for  NASA'S  CENTAUR 

Sometime  this  year,  CENTAUR  will  be  spaceborne.  Already,  the  projected  uses  of  CENTAUR  bear 

fascinating  implications  for  the  future . . .  placing  a  satellite  in  an  orbit  so  exacting  that  it  will  remain 

in  one  spot  over  the  earth's  surface ...  soft  landings  on  lunar  and  planetary  bodies ...  timed  launchings 
of  several  satellites  from  a  single  vehicle.  Several  major  guidance  functions  will  be  performed  in 

CENTAUR  by  a  compact  digital  computer  system  from  Librascope.  It  weighs  62  pounds,  occupies 

little  more  than  %  cubic  foot.  A  note  to  Librascope  outlining  your  control  problems  will  bring  a  prompt 

answer  from  the  country's  most  versatile  manufacturer  of  computer  control  systems. 

LIBRASCOPE  DIVISION 
GLENDALE  1,  CALIFORNIA 
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G  ZIRON 

MISSILE 
FORGINGS 

Molybdenum  is  the  magic  metal  for 
missiles,  rockets  and  jet  engines.  In  the 
presence  of  blasting  flame,  with  metal  tem- 

perature of  2500°F  and  higher,  Molybdenum 
has  high  strength,  ductility,  chemical  stability 
and  resistance  to  erosion.  But  at  ordinary 
temperatures  it  tends  to  be  intractable.  When 
cast  or  forged  by  conventional  methods,  it  is 
so  brittle  at  normal  temperature  that  han- 

dling and  machining  are  extremely  difficult. 

Molybdenum's  normal  temperature 
properties  become  entirely  different  when 
it  is  forged  by  Cameron  technique  on  Cam- 

eron's gigantic  split-die  multiple  ram  presses. 
No  other  fabricator,  as  far  as  we  know,  can 
make  Molybdenum  parts  having  these  prop- 

erties. Cameron  forgings  can  be  of  intricate 
shapes  and  thin  sections,  reducing  machining 
to  a  minimum.  Ask  Cameron  for  details. 

CAMERON  IRON  WORKS.  INC. 
SPECIAL  PRODUCTS  DIVISION 

P.  O.  BOX  1212  •  HOUSTON,  TEXAS 

CAMERON'S  / 

MOLYBDENU* 

FORGINGS  ¥ 

Circle  No.  2  on  Subscriber  Service  Card 3 



Problem  for  you: 

Soft  land 

this  vehicle  on 

the  moon 

CONTROLS  ENGINEERS.  Concerns 
airborne  computers  and  other  controls  re- 

lated areas  for:  missiles  and  space  vehicles, 
satellites,  radar  tracking,  control  circuitry, 
control  systems,  control  techniques,  tran- 

sistorized equalization  networks  and  con- 
trol servomechanisms. 

CIRCUIT  DESIGNERS.  Involves 
analysis  and  synthesis  of  systems  for:  tele- 

metering and  command  circuits  for  space 
vehicles,  high  efficiency  power  supplies 
for  airborne  and  space  electronic  systems, 
space  command,  space  television,  guid- 

ance and  control  systems,  and  many  others. 

This  spacecraft  is  SURVEYOR,  one  of  the  many  important  pro- 

jects now  under  way  at  Hughes.  It  will  "soft"  land  on  the  moon 
sometime  in  1963.  Its  mission:  to  pierce  and  analyze  the  moon's 
surface;  to  transmit  back  to  earth  high  quality  television  pictures; 

and  to  measure  the  moon's  magnetic  and  radiation  characteristics. 
To  accomplish  these  demanding  objectives,  Project  Surveyor  re- 

quires the  talents  of  many  imaginative  junior  and  senior  engineers 
and  physicists  to  augment  its  outstanding  staff.  A  degree  from  an 
accredited  university  and  U.S.  citizenship  are  required.  Experience 
in  Aerospace  Vehicles  is  preferred  but  not  necessary.  A  few  of  the 

openings  include: 

INFRARED    SPECIALISTS.  To 
perform  systems  analysis  and  preliminary 
design  in  infrared  activities  for  satellite  de- 

tection and  identification,  air-to-air  missiles, 
AICBM,  infrared  range  measurement,  air- 
to-air  detection  search  sets,  optical  sys- 

tems, detection  cryogenics  and  others. 

SYSTEMS  ANALYSTS. 
To  consider  such  basic  prob- 

lems as:  requirements  of 
manned  space  flight;  auto- 

matic target  recognition  re- 
quirements for  unmanned 

satellites  or  high  speed  strike 

reconnaissance  systems;  IR  systems  re- 
quirements for  ballistic  missile  defense.  In- 

quire today.  Please  airmail  your  resume  to: 
Mr.  Robert  A.  Martin, 
Supervisor  of  Scientific  Employment, 
Hughes  Aerospace  Divisions, 
11940  W.  Jefferson  Blvd., 

Culver  City  55,  California. 
We  promise  a  reply 
within  one  week. 

creating  a  new  world  with  electronics 

HUGHES 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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R/M  ASBESTOS- 

PHENOLICS 

The  component:  MOTOR  LININGS 

The  missile:  TERRIER 

The  Terrier  shipboard  missile  literally 
puts  missile  firepower  on  instant  readi- 

ness. This  calls  for  lightweight  materials 
.  .  .  reliability  .  .  .  and  prolonged  storage 
in  many  types  of  climates  without  affect- 

ing performance. 
R/M  asbestos-phenolics  are  the 

accepted  material  for  motor  linings  on 
the  Terrier.  They  are  virtually  unaffected 
by  environment  and  are  compatible  with 
solid  fuels  under  a  wide  range  of  storage, 
shipboard  and  in-flight  conditions. 
They  provide  excellent  thermal  in- 

sulation and  dimensional  stability.  They 
ablate  uniformly.  They  save  weight 
without  sacrificing  strength.  And  they 
show  excellent  reproducibility  in  fabrica- 

tion as  well  as  proved  reliability. 
If  these  advantages  add  up  to  what 

you  have  been  look- 
ing for,  and  you  want 

cost  savings,  too,  talk 
to  R/M  specialists 
now.  Jtt 

Motor  lining  molded  of  an 
R  M  asbestos-phenolic 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department.Manheim.Pa. 

SPECIALISTS  IN  ASBESTOS. 
RUBBER,  ENGINEERED  PLASTICS,  SINTERED  METAL 

— letters  

Patent  Rights  Controversy 
To  the  Editor: 

The  controversy  regarding  patent  rights 
is  amusing.  Contractors  are  moaning  that 
patents  are  company  assets  which  they 
should  not  have  to  yield  to  the  government. 
How  many  of  these  contractors  take  the 
same  attitude  toward  the  individual  scien- 

tists or  engineers  who  invent  the  devices 
and  methods  which  the  company  patents? 
Do  they  not  take  the  attitude  that  they  are 
paying  for  the  time  and  effort  of  the  inven- 

tor, and  that  they  should  enjoy  the  fruits 
of  his  mind? 

In  the  same  way  the  government  pays 
the  company  and  deserves  the  patent  to 
the  same  extent  that  the  company  deserves 
it  from  the  inventor. 

Robert  J.  Reithel 
Los  Alamos,  N.M. 

To  the  Editor: 
May  I  commend  your  courage  and 

good  sense  for  publishing  such  letters  as 
those  of  Glen  C.  Horst  and  Eldon  Eller, 
in  your  Feb.  5  issue,  and  that  of  Rep. 
Emilio  Q.  Daddario  (D-Conn.),  in  your 
Jan.  22  issue,  on  Industry  Patent  Practice? 

Your  advertiser-corporations  are  the 
source  of  your  chief  revenue,  and  they  will 
surely  frown  on  such  disclosures  of  their 
patent  practices  in  dealing  with  their  own 
engineer-inventors.  But  it  is  for  engineers 
and  scientists  that  your  fine  publication 
exists — not  top  management,  to  whom 
technology  is  usually  a  closed  book.  They 
are  occupied  with  government  contracts, 
profits  and  losses,  stock  quotations  and  the 
like — including  proposed  new  patent  legis- 

lation (and  mayhap  price  fixing!). 
The  corporate  employers  of  creative 

talent  are  very  ably  and  valuably  repre- 
sented by  their  own  patent  departments  in 

the  present  controversy  over  the  disposi- 
tion of  patent  rights  growing  out  of  gov- 

ernment-sponsored R&D  contracts.  They 
seek  to  claim  those  rights,  both  as  em- 

ployees of  the  government  and  as  employ- 
ers of  inventive  talent — the  latter  a  long- 

established  practice  in  Big  Business. 
In  both  cases,  the  creative  engineer 

has  nothing  to  say.  His  position  is  quite 
like  that  of  the  plantation  slave  whose 
(human)  offspring  was  the  property  of  his 
owner.  Even  here,  procreation  is  a  well- 
nigh  unpreventable  manifestation  of  na- 

ture, but  inventive  creation  comes  from 
but  a  very  miniscule  portion  of  our  citi- 

zenry. It  is  these  who  have  laid  and  con- 
tinue to  lay  the  very  foundations  of  our 

industry,  our  well-being,  and  our  National Security. 
Yet  these  most  prized  among  our  work- 
ers, who  "lay  the  golden  eggs"  of  progress, have  practically  nothing  to  say,  and  for 

one  very  cogent  reason:  they  are  effectively 
muzzled  by  their  employment  contracts. 
Only  those  among  them  who  manage  to 
work  effectively  as  "lone  wolves,"  on  their own,  alone  or  in  small  business,  dare  speak 
out  against  the  employer-take-all  of  cor- 

porate patent  practices. 

Should  (employees)  do  so,  they  would 
be  dealt  with  just  as  effectively  as  the 
slaveowner  would  do  with  his  slaves, 
should  they  have  the  temerity  to  object  to 
his  similar  practices.  The  corporate  em- 

ployee, bound  by  his  contract,  willy-nilly 
signed  to  be  sure,  and  by  his  own  and  his 
family's  security,  whatever  his  inner  feel- 

ings, dare  not  publicly  evoke  them.  .  .  . 
As  another  facet  of  this  controversial 

situation,  we  hear  much  about  the  extraor- 
dinarily high  annual  rate  of  employee  turn- 

over, as  high  as  30%  in  some  fields,  and 
the  top-talent  piracy  or  highjacking  be- 

tween corporations. 
Is  this  not  also  due  to  the  fact  that 

employers  demand  all  patent  rights  from 
their  employees,  ofttimes  for  as  much  as 
five  years  after  severance?  What  stimuli 
and  rewards  are  there  to  motivate  high- 
order  invention,  utmost  zeal,  and  burning 
of  the  midnight  oil? 

These  very  same  corporations  who  treat 
their  greatest  capital  assets — i.e.,  their  in- 

ventors— so  niggardly,  think  nothing  at  all 
of  offering  extraordinary  stimuli  and  re- wards to  others  of  their  employees,  and 
outsiders,  who  sell  the  products  created  by 
their  inventors. 

For  example:  The  Wall  Street  Journal 
of  Jan.  31  reports:  "A  standard  way  to 
give  a  temporary  boost  to  auto  sales  is  to 
pay  bonuses  to  dealers,  and  this  Chrysler 
has  done,  starting  December  (1961),  by 
offering  a  bonus  of  $50.00  for  each  car 
sold  to  Plymouth  and  Dodge  retailers  who 
order  their  full  1962  quotas." If  progress,  the  gross  national  product, 
or  our  defense  posture  lag,  it  is  high  time 
that  corporate  industry  and  our  legislators 
take  a  long  and  deep  look  behind  the 
scenes,  and  then  correct  the  patent  prac- 

tices which  so  strongly  influence  our  econ- 
omy, keeping  in  mind  that  our  creative 

citizenry  are  our  chief  national  asset.  It 
has  proved  so  in  the  long  past;  it  is  doubly 
so  for  our  future. 

Benjamin  F.  Miessner 
(at  71,  retired) President 
Patent  Equity  Association,  Inc. 
Miami  Shores,  Fla. 

Ranger  Capsule  Limitations 
To  the  Editor: 

In  your  article,  "Ranger — What  Might 
Have  Been?"  (M/R,  Feb.  5,  p.  12),  you 
discussed  what  might  have  happened  if 
facilities  had  been  available.  I  think  it  is 
also  pertinent  to  speculate  on  what  might 
have  happened  had  the  vehicle  been  util- ized fully. 

NASA's  failure  to  launch  the  landing 
capsule  showed  a  disturbing  lack  of  imag-j 
ination  and  good  judgment.  At  the  very 
least  the  launch  would  have  served  to 
check  out  the  firing  mechanism  and  per-: 
formance  of  the  rocket  under  space  condi- 

tions. Though  firing  the  capsule  in  any; 
direction  would  have  been  interesting,  aim-; 
ing  it  either  to  hit  the  moon  or  so  that  itj 
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From  The  MODICON*  Family  Album- 
A  new  generation  of  six  vital  command  and  control 

systems  providing  complete  situation  mastery  with 

mixed  weapons  control,  modular  dispersibility, 

tactical  flexibility,  immediate  transportability, 

and  first  day  capability— anywhere  in  the  world. 

would  come  back  to  earth  could  have 
produced  spectacular  results. 

The  moon  (diameter  2000  mi.)  was 
less  than  23,000  miles  away,  and  aiming 
the  capsule  to  hit  the  moon  would  not 
have  been  too  difficult.  Though  the  cap- 

sule would  have  been  destroyed  on  impact, 
like  Lunik  II,  this  shot  would  have  had 
propaganda  value.  Trying  to  make  the 
capsule  return  to  earth,  though  consider- 

ably more  difficult,  could  possibly  have 
had  even  greater  propaganda  repercussions. 
In  either  case,  launching  the  capsule  would 
not  have  meant  less  scientific  data. 

In  short,  I  am  disappointed  in  NASA's 
failure  to  use  all  the  Ranger  vehicle's  capa- bilities. They  had  nothing  to  lose  and  a 
lot  to  gain.  Let's  hope  for  some  more imaginative  thinking  from  NASA  in  the 
future. 

Lon  Hocker 
Student 
Princeton  University 
Princeton,  NJ. 

NASA  says  that  launching  the  landing 
capsule  would  have  required  sending  a 
pulsed  signal  from  the  Rangers  altimeter 
to  the  moon;  when  the  signal  bounced 
back  to  the  vehicle,  the  capsule  would 
have  been  launched.  This,  however,  could 
have  occurred  only  if  the  Ranger  had  been 
on  an  impact  course  and  was  within  8.1 
sec.  of  impacting  the  lunar  surface.  Since 
there  was  no  possibility  of  impacting 
Ranger  itself,  the  "bounce"  could  not  be carried  out. — Ed. 

Above-par  Wives 
To  the  Editor: 

Re  letter  from  An  Engineer's  Wife (M/R,  Feb.  5,  p.  6)  .  .  . 
I  too  am  the  wife  of  an  "old"  (46) 

design  engineer!  We  move  and  shift  con- 
stantly. My  husband  has  so  much  to  offer 

a  company,  but  we  can't  live  in  a  "cap- 
tive" salary — he  therefore  is  a  "per  diem" 

man,  which  means  he  is  sent  in  on  design 
jobs  "temporarily."  If  he  applied  for  a 
"captive"  job  he'd  be  lucky  to  start  at $600.00  per  month  before  deductions  and, 
at  his  age,  he  wouldn't  be  promoted  fast or  far.  My  husband  also  spent  three  years 
in  the  War  and  went  back  to  University 
after  that  (majored  in  Industrial  Design — 
he  loves  it). 

It's  a  shame  the  Engineering  field  isn't on  a  financial  par  with  other  professions. 
Our  local  plumber  gets  more  putting  in 
cottage  septic  tanks  than  my  husband,  who 
does  important  designing  of  missiles. 

(Wife  of  a  Wonderful  Man) 
(Name  and  address  withheld 
on  request) 

Partial  to  Fable 
To  the  Editor: 

My  compliments  to  you  on  your  clev- 
erly written,  perceptive  editorial,  "Once 

Upon  a  Country"  (M/R,  Jan.  29).  I  hope you  have  mailed  sufficient  copies  around 
Washington. 

R.  D.  Davis 
Glendale,  Calif. 

Engineers  qualified  to  contribute  to  digital  data  handling  and  display  systems 
will  find  unusual  opportunities  at  Litton.  An  Equal  Opportunity  Employer. 
"Trademark.  MOdular  Dispersed  CONtrol  Systems 

E LITTON  SYSTEMS,  
INC. DATA  SYSTEMS  DIVISION 

CAN06A  PARK,  CALIFORNIA 

COMMAND  AND  CONTROL  SYSTEMS:  AIR  DEFENSE,  SPACE  VEHICLES,  AIR  TRAFFIC 
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The  Calibre  of  An  Aerospace  Organization  is  Evidenced  by  the  Calibre  of  the  Problems 
Put  To  It  by  its  Customers  —  and  by  the  Company  to  its  Engineers 

Engineers,  Scientists 

what's  your  opinion: 
N 

ON  HOW  TO 
CREATE 

A  REALISTIC 
SPACE  SIMULATOR  ? 

This  is  a  question  put  to  Bell  Aero- 
systems  last  year  by  the  Air  Force.  If 
you  had  been  a  member  of  Bell's technical  staff  then,  you  might  have 
been  one  of  those  who  developed  the 
space  environment  simulation  concept 
now  being  engineered  into  actuality 
here.  It  is  based  upon  a  high-resolu- 

tion, closed-loop  television  system 
superimposing  images  generated  by  3 
studios.  Many  stimulating  problems, 
however,  remain  to  be  solved  in :  de- 

velopment of  an  electronic  planetar- 
ium, real  time  digital  flight  dynamics, 

television  image  insetting  techniques, 
TV  noise  alleviation  techniques. 

ON  HOW  TO 
PROVIDE  OPTIMUM 

VEHICLE  TOUCHDOWN 
DISPERSIONS  WITH  A 
FULLY  AUTOMATIC. 
ALL-WEATHER 

LANDING  SYSTEM? 

Your  informed  opinions  on  any  as- 
pect regarding  landing  of  boosters  or 

space  vehicles  will  receive  thorough 
consideration.  Bell  engineers  have  al- 

ready created  a  system  in  landing 
conventional  aircraft  providing  a  30% 
improvement  in  this  area,  as  demon- 

strated by  4000  landing  tests  made 
by  U.S.  Navy  and  Air  Force  planes. 
Vehicle  landing  systems  and  special- 

ized equipments  are  advanced  con- 
cepts now  under  study. 

A 

3 

ON  HOW  TO 
PROVIDE  AN  ASTRONAUT 

WITH  POSITIVE, 
FLEXIBLE  STEERING  CONTROL 

IN  SPACE? 

Your  answer  will  certainly  contain 
the  statement  that  much  depends  upon 
the  particular  space  mission  but  that 
reaction  controls  will  be  the  founda- 

tion of  the  system. 
This  revolutionary  concept  was 

originated  by  Bell  engineers  for  Bell's own  X-1B  high  altitude  research 
plane.  More  refined  Bell  Systems  were 
developed  for  the  X-15,  Mercury  cap- 

sule, Agena  booster/satellite  and 
Centaur  program.  Bell's  Reaction Controls  are  applicable  to  missiles, 
satellites,  re-entry  vehicles  —  indeed, 
any  object  requiring  a  continuous/ intermittent  or  variable  thrust  vector. 
One  unique  recent  application  is  the 
Bell  rocket  belt  for  the  infantry  man. 

The  three  problems  high-lighted  above  are  representative  of  the  wide  range  of  unusual 
challenges  offered  engineers  at  Bell.  Others  concern  such  diverse  projects  as  advanced 
Agena*  rocket  engines  for  NASA's  Ranger  and  Marine  vehicles;  Hydroskimmer  (air 
cushion)  amphibians  for  the  U.S.  Navy;  battlefield  surveillance  systems;  automatic  check- 

out equipment;  missile  &  drone  recovery  systems.  Another  important  field  at  Bell  is  Inertial 
Guidance  and  Navigation  Systems,  many  of  which  employ  an  appropriate  member  of  Bell's 
family  of  Hipernas**  inertial  platforms.  //  you  would  like  to  pit  your  talents  against  tough- 
calibre  problems,  look  into  current  openings  with  Bell. 
'Bell's  Agena  — most  reliable  rocket  engine  yet  designed.  Already  used  In  Discoverer  program.  Midas,  other  satellites. 

••Hlpernaa  (High  PERformance  NAvlgatlonal  System)— the  most  accurate.  pure-Inertlal,  seir-compensatlng  navigation  and guidance  system  known. 
INERTIAL  GUIDANCE 

Various  degree  levels  with  2  to  8  years  specific 
experience  in  one  of  the  following  areas:  logic 
design  and  magnetic  memory  development;  low 
frequency  design  and  development  involving 
servos;  systems  and  component  testing,  re- 
solver  chains,  gyros,  accelerometer  integrators; 
Inertial  instrument  development. 

RADAR 
MS  with  5  to  10  years  research  and  develop- 

ment experience  on  radar  equipment,  pulse  cir- 
cuitry, feed-back  circuits,  CW  covering  full 

frequency.  Openings  also  in  Tucson,  Arizona. 

ELECTRONIC  SYSTEMS 
MS  preferred,  with  minimum  5  years  experience 
for  synthesis  and  analysis  of  advanced  systems 
such  as  air  traffic  control,  target  locators,  vis- 

ual simulators  and  feed-back  controls.  Openings also  in  Tucson,  Arizona. 

SYSTEMS  ENGINEERING 
BS  in  ME,  Applied  Math,  AE  or  Physics.  Experi- 

enced in  the  dynamics  of  closed-loop  systems, 
guidance,  mechanics  of  vehicle  flight,  space 
mechanics,  analog  and  digital  computing 
systems. 

i9k 
J  $  TS  |  Please  address  resumes  to  Mr.  George  Klock 

BELL  AEROSYSTEMSCO. 
DIVISION  OF  BELL.  AEROSPACE  CORPORATION  -  A  feXtfOnl  COMPANY 
An  Equal  Opportunity  Employer  P.O.  Box  *1,  Buffalo  5,  New  York 
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The  Countdown 

WASHINGTON 

More  Missile  Base  Hearings 

Congress  is  expected  to  take  a  new  look  at  the  mis- 
sile base  labor  situation.  Feeling  on  the  Hill:  the  Labor 

Department's  "no  strike"  pledge  has  broken  down.  This 
may  be  tied  into  a  probe  of  contractor  profits,  tentatively 
set  for  next  month. 

LeMay  Return  Ends  Rumors 

Return  of  Air  Force  General  Curtis  LeMay  to  Wash- 
ington to  resume  his  duties  as  Chief  of  Staff  has  put  an 

end  to  rumors  that  his  illness  was  serious  enough  to  keep 
him  off  the  job.  The  cigar-chewing  AF  chief  spent  three 
weeks  in  Hawaii  convalescing  from  influenza  and  a  virus 
ailment.  Some  Pentagon  "insiders,"  recalling  Gen.  Hoyt 
Vandenberg,  predicted  LeMay  wouldn't  be  back. 

Goddard  to  Head  Apollo  Net 
Despite  reports  to  the  contrary,  the  Goddard  Space 

Flight  Center  will  have  primary  responsibility  for  Project 
Apollo's  tracking  network.  Although  the  space  agency's 
Manned  Spacecraft  Center  at  Houston  was  under  con- 

sideration, NASA  officials  decided  Goddard  is  better  able 
to  handle  the  job  due  to  its  experience  with  the  Mercury 
net. 

How  Expensive  is  Typhon? 
Department  of  Defense  officials  are  taking  a  close 

look  at  the  potential  cost  of  the  Typhon  missile  system 
for  Navy  ships.  Defense  Secretary  McNamara  told  the 
Senate  appropriations  subcommittee  last  week:  "The 
Typhon  system  promises  to  be  very  expensive  and  we 
will  want  to  know  considerably  more  about  it  before  we 
commit  it  to  production." 

Agreement  on  Atlantic  Range  Operation 
A  signed  agreement  between  NASA  and  the  Defense 

Department  confirms  the  Air  Force  position  as  range 
manager  in  support  of  the  manned  lunar  landing  facilities 
at  Cape  Canaveral.  This  will  give  AF  a  voice  in  the 
spending  of  NASA  money  at  the  Cape,  already  ear- 

marked for  $359  million  in  space  agency  funds  in  Fiscal 
'63.  NASA  will  continue  to  fund  the  additional  land 
purchases  and  facilities  expansion. 

AF  Expanding  Fight  for  Space 
Air  Force  is  carrying  its  battle  for  an  expanded  space 

mission  to  Congress.  Gen.  Frederick  H.  Smith,  Jr.,  vice 
chief  of  staff,  told  a  closed-door  session  of  the  House 
Armed  Services  Committee  last  week  that  the  U.S.  faces 

the  possibility  of  "a  great  offensive  threat  from  space." 

INDUSTRY 

Solid-Booster  Proposals  Due 
Proposals  for  the  Air  Force  segmented  solid-propellant 

rocket  booster  for  Titan  HI  are  due  March  13.  Invitations 
to  bid  went  to  Aerojet-General,  Thiokol,  United  Tech- 

missiles  and  rockets,  February  19,  1962 

nology,  Lockheed  Propulsion,  Rocketdyne,  Hercules 
Powder  and  Atlantic  Research.  One  industry  source  says 
the  RFQ  calls  for  a  121  -in.  diameter  rather  than  the 
120  inches  previously  set. 

Oklahoma,  Here  We  Come 

For  obvious  political  reasons,  a  number  of  missile/ 
space  firms  are  taking  a  look  at  Oklahoma  plant  sites. 
North  American  Aviation  has  just  announced  plans  for  a 
new  facility  at  Tulsa,  and  Lockheed  also  is  studying  the area. 

Second  Saturn  Soon  Under  Way 

NASA's  second  Saturn  booster  (5,4-2)  was  due  to  get 
under  way  by  barge  from  Marshall  Space  Flight  Center 
to  Cape  Canaveral  on  Feb.  17.  Launch  date  for  the  big 
1.5-million-lb. -thrust  vehicle:  Early  April. 

Fuel  Cells  for  Apollo 

Pratt  &  Whitney's  Bacon  fuel  cell  has  the  inside  track 
on  the  Apollo  APU  contract,  soon  to  be  announced  by 
North  American  Aviation.  Next  decision  to  be  made  in 
this  area:  Will  there  be  a  backup  system  and  will  it  be 
another  fuel  cell  or  a  cryogenic  unit? 

Dyna-Soar  Decisions  Coming  Up 
Final  decisions  on  the  re-directed  Dyna-Soar  program 

will  be  made  in  the  Pentagon  after  a  full-scale  presenta- 
tion on  the  project,  now  set  for  April  1.  Meanwhile, 

Category  I  testing  of  some  Dyna-Soar  components  is 
under  way  on  the  high-speed  sled  track  at  Edwards  AFB, Calif. 

Nuclear  Space  Power  Future 
Outlook  for  use  of  nuclear  power  sources  in  NASA 

weather  satellites  is  uncertain.  First  to  go  nuclear  might 
be  Nimbus,  with  power  requirements  in  the  300-400  watt 
range.  NASA  officials  still  have  not  laid  down  for  the 
Atomic  Energy  Commission  a  specific  SNAP  power  re- 

quirement. Indications  are  that  the  weather  satellites 
will  not  use  a  nuclear  source  until  the  1964-65  period. 

Late  Details  on  Nova 

NASA  officials  say  the  Nova  superbooster  will  be 
280  ft.  tall,  with  a  diameter  of  some  50  ft.  It  will  carry 
more  than  3000  tons  of  liquid  oxygen  and  kerosene.  The 
second  stage,  with  four  M-l  engines,  will  have  the  same 
diameter  and  will  carry  about  1000  tons  of  liquid  hydro- 

gen and  liquid  oxygen. 

INTERNATIONAL 

Whose  Vault  Was  This? 

Material  for  the  fiberglass  pole  used  by  Marine  pole 
vaulter  John  Uelses  in  setting  his  16-ft.  world  record 
resulted  from  a  search  for  better  materials  for  missiles. 
The  California  manufacturer  reports,  according  to  the 
Washington  Post,  that  at  least  four  of  the  poles  already 
have  been  shipped  to  Russia. 
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The  Missile  I Space  Week 

QUALITAS 

OF  WHAT  KIND? 

Man's  continuing  prog- 
ress in  space  has  placed 

increasing  demands  upon 
the  fabricator  of  missile 

and  rocket  components.  No 

longer  can  the  purchaser  of 

structural  materials  be  con- 
tent with  conventional 

manufacturing  processes  or 

products.  Rather  he  must, 

ask  himself  "of  what  kind?" 
as  he  looks  to  the  manufac- 

turer for  advanced  mate- 

rials guaranteed  to  meet 

the  rigorous  demands  of 
this  new  era. 

MPI's  new  glass  fiber  pre- 
pregs  are  produced  under  a 

strict  program  of  total  qual- 

ity control,  from  the  pur- 
chase of  batch  ingredients 

throughout  manufacturing 

and  shipping.  From  such 

discipline  comes  a  new 

space  age  structural  mate- 
rial that  can  be  produced  in 

meaningful  quantities  and 

on  a  predictable  and  repro- 
ducible basis. 

For  additional  informa- 
tion write . . . 

mpi 

G-lass  FTbexv 

Shoreham  Building  •  Washington  5,  D.C. 

Shots  of  the  Week 

After  two  straight  successes  last 
week  with  its  Nike-Zeus,  the  Army 
suffered  a  setback  Feb.  12  when  the 
missile  destroyed  itself  seconds  after 
launch  from  Pt.  Mugu,  Calif. 

The  launch  of  the  two-stage  anti- 
missile missile,  first-stage  operation 

and  separation,  and  second-stage  igni- 
tion and  powered  flight  were  all  nor- 
mal, the  Army  reported. 

However,  in  spite  of  the  fact  that 
the  missile  accepted  and  correctly 
executed  control  commands  against  a 
simulated  ICBM  target  from  the 
ground  guidance  center,  an  automatic 
safety  device  in  the  bird  sensed  a  devi- 

ation from  the  flight  path  and  termi- 
nated the  test. 

The  Air  Force  had  better  luck 
with  an  Atlas  E  launched  from  Cape 
Canaveral  Feb.  13.  The  launch 
marked  the  end  of  the  training  flights 
for  the  improved  ICBM. 

Carrying  a  multitude  of  test  in- 
struments in  the  nose  cone,  the  Atlas 

impacted  in  its  planned  target  area 
7000  miles  downrange. 

A  "one-sweep"  attempt  to  recover 
the  missile's  nose  cone  failed. 

Weather  Halts  MA-6  Shot 
The  first  U.S.  manned  orbital  shot 

— scheduled  for  launch  Feb.  14 — had 
to  be  postponed  for  the  eighth  time 
due  to  poor  weather  conditions  in  the 
capsule  recovery  area. 

Although  scheduled  for  the  fol- 

lowing day,  Lt.  Col.  John  Glenn's 
long-awaited  flight  appeared  to  be  off 
until  at  least  Friday.  High  waves  and 
a  new  storm  center  moving  into  the 
Western  Atlantic  recovery  area  threat- 

ened to  force  further  postponement  of 
the  shot. 

Construction  Bill 

Goes  To  Congress 

Secretary  of  Defense  McNamara 
forwarded  to  Congress  last  week  draft 
legislation  to  authorize  new  Military 
Construction  totaling  $1,596,410,000 
for  the  coming  fiscal  year. 

The  1963  construction  bill — some 

$766  million  over  last  year's  request 
— was  broken  down  by  services  as 
follows: 

—Army:   $148,750,000  com- 

pared with  $157,100,000  in  FY  '62. Funds  are  largely  for  troop  housing 
and  maintenance  facilities. 

—Air  Force:  $744,353,000  com- 
pared with  $474,900,000  last  year. 

SAC  and  TAC  operational  facilities 
as  well  as  R&D  installation  for  Air 

Force  Systems  Command  are  the  ma- 
jor projects  authorized. 
—Navy:  $206,312,000  compared 

with  FY  '62  funding  of  $140,600,000. 
The  bulk  of  the  money  is  earmarked 
for  training  facilities,  troop  housing 
and  construction  outside  the  continen- 

tal U.S. 
In  addition  to  the  $1,099,415,000 

for  the  active  forces,  $300  million 
was  programed  for  Military  family 
housing,  $46  million  for  Reserve 
Components  and  $133,517,000  for 
Defense  Agencies  and  Activities. 

The  latter  item  includes  con- 
struction of  facilities  for  the  Defense 

Atomic  Support  Agency,  Communi- 
cations Agency,  Intelligence  Agency, 

Supply  Agency  and  the  National  Se- curity Agency. 

Strikes  Jump,  Goldberg  Acts 

Work  stoppages  at  ICBM  bases 
jumped  from  953  man-days  in  De- 

cember to  approximately  2500  man- 
days  in  January,  the  Administration 
reported  last  week. 

At  the  same  time  it  was  an- 
nounced that  Secretary  of  Labor 

Arthur  Goldberg  had  met  Feb.  2  with 
the  leaders  of  the  five  construction 
unions  responsible  for  97%  of  the 
strikes.  He  reportedly  received  assur- 

ances that  enforcement  of  no-strike 
pledges  would  be  tightened. 

Larson  AFB,  Moses  Lake,  Wash., 
was  hardest  hit,  losing  1589  man-days 
in  January  due  to  jurisdictional  dis- 

putes between  local  building  trades 
unions. 

Non-Profits  Get  Conflict  Quiz 

A  House  Armed  Services  Sub- 
mittee  headed  by  Rep.  F.  Edward 
H6bert  (D-La.),  has  sent  more  than 
100  questionnaires  to  officials  of  non- 

profit organizations  working  for  the 
Defense  Department,  in  an  attempt  to 
obtain  information  on  possible  con- 

flicts of  interest. 

The  primary  purpose  of  the  quiz 
is  to  determine  whether  there  is  a  con- 
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flict  between  an  individual's  role  as  an 
adviser  to  the  government  as  opposed 
to  his  private  financial  and  business 
interests. 

Since  non-profit  organizations  are 
not  an  integral  part  of  DOD,  they  are 

not  subject  to  President  Kennedy's 
new  Code  of  Conduct  for  government 
advisers.  However,  the  proprietary 
nature  of  their  work  has  raised  serious 
questions  in  the  minds  of  government 
officials  concerning  potential  conflicts 
of  interest. 

Hearings  on  the  results  of  the  cur- 
rent study  will  probably  be  held  later 

this  year. 

Winter  IRE  Meeting 

The  U.S.  electronic  countermeas- 
ures  program  will  be  of  major  impor- 

tance to  industry  because  "today's 
excellent  electronic  sensing  or  com- 

municating machine  is  made  obsolete 

by  tomorrow's  counter-device,"  Vice 
Adm.  Robert  B.  Pirie,  deputy  chief  of 
Naval  Operations,  told  the  third  Na- 

tional Winter  Convention  on  Military 
Electronics  in  Los  Angeles. 

Aerospace  Control  Environment 
(ACE)  was  emphasized  as  a  new 
term  in  the  electronics  vocabulary  by 
Maj.  Gen.  Kenneth  P.  Bergquist, 
Electronics  Systems  Division  com- 

mander, in  his  address  to  the  annual 
convention. 

He  defined  ACE  as  the  goal  of  a 
complete,  thoroughly  integrated  sys- 

tem complex  for  centralized  con- 
trol of  all  activities  in  the  continuous 

medium  from  the  surface  of  the  earth 

to  "the  infinite  reaches  of  space." 
Other  convention  speakers: 
— Assistant  Defense  Secretary 

John  Rubel,  who  said  no  sudden  shifts 
are  expected  in  Pentagon  procure- 

ment policy. 
— Dr.  James  Wakelin,  assistant 

secretary  of  Navy  for  research  and 
development,  who  stressed  the  need 
for  the  industry  and  government  to 
work  together  toward  better  procure- 

ment policies. 
— Assistant  Air  Force  Secretary 

Brockway  McMillan,  who  asserted 
that  technical  decisions  should  be 

made  at  the  policy  level  before  weap- 
ons systems  specifications  are  written 

up  and  distributed  to  industry  con- 
tractors. 

— Assistant  Army  Secretary  Finn 
J.  Larson,  who  reported  that  emphasis 
on  limited  war  will  cause  a  propor- 

tional shift  in  Army  research  and 
development  money. 

TELEMETRY  BY  TELE-DYNAMICS 

Positive  performance  as  proved  by  high  customer  accept- 
ance characterizes  Tele-Dynamic's  1270A  voltage  controlled 

oscillator.  Exceptional  electrical  and  environmental  specifica- 
tions, unique  in  off-the-shelf  components  at  the  right  price,  are 

representative  of  Tele-Dynamics'  creative  efforts  in  the  com- 
plete telemetry  field.  Write  for  technical  bulletins  and  a  new 

capabilities  brochure. 

TECHNICAL  CHARACTERISTICS 

Input— 0  to  5  volts  or  ±2.5  volts 
Linearity— ±0.25%  BSL 
Power  Requirements — 28  volts 

at  9  ma  max. 
Distortion— 1% 
Amplitude  Modulation— 10% 

ENVIRONMENTAL  CHARACTERISTICS 

Thermal  Stability  20°C  to 
+85°C  ±1.5%  DBW 

Altitude— Unlimited 
Vibration— 30G  random 
Acceleration— 100G 
Shock— 100G 

TELE-DYNAMICS 
DIVISION 

AMEftJC/l/V  BOSCH  AfVWA  COftPOKATMO/V 
SOOO  Parkslde  Avenue,  Philadelphia  31,  Pa.  8670  Rev 
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Air  Force,  AEC,  NASA  Vie 

Nuclear  Spacepower  Tug-of-War 

SPUR  program  held  up  by  disagreement  over 

who's  to  manage  R&D  of  quarter-billion-dollar  effort 

THE  AIR  FORCE,  Atomic  Energy 
Commission  and  National  Aeronautics 
and  Space  Administration  are  embroiled 
in  a  growing  three-way  jurisdictional 
dispute  over  development  of  an  ad- 

vanced nuclear-power  system  for  space 
vehicles. 

Money  and  mission  are  at  stake  in 
the  tug-of-war  in  which  each  organiza- 

tion is  pulling  to  manage  research  and 
development  of  the  power  system.  One 
immediate  result:  the  Air  Force  is 
stymied  in  its  SPUR  (space  power  unit 
reactor)  program. 

The  system  in  dispute  will  be  the 
last  of  the  big  nuclear  space  systems  for 
possibly  five  to  ten  years.  More  than 
$250  million  is  estimated  to  be  involved. 

The  organization  with  the  manage- 
ment role  therefore  will  be  building  a 

capability  that  also  will  ensure  continu- 
ing participation  in  all  subsequent  nu- 

clear space  projects.  Moreover,  it  will 
have  a  strong  voice  at  the  policy  level. 

•  Background — Dr.  Harold  Brown, 
Director  of  Defense  Research  and  En- 

gineering, sent  a  letter  last  October  to 
Dr.  Glenn  Seaborg,  AEC  chairman, 
asking  the  Commission  to  do  the  reactor 
R&D  in  support  of  the  Air  Force  effort 
on  the  SPUR  program.  (SPUR  is  a 
300-kw  nuclear  turbo-electric  space- 
power  system.) 

The  AEC  sent  an  interim  reply  say- 
ing it  was  "firming  up"  its  position  on this  matter  and  would  let  the  Defense 

Department  know  when  "we  resolve  it." 
The  Air  Force  is  still  waiting  for  the 
Commission's  formal  answer. 

Meanwhile,  the  Air  Force  is  ready 
to  talk  to  industry  about  contracts  to 
support  SPUR  but  is  being  held  back 
by  AEC's  lack  of  action  on  the  reactor 

question.  The  most  important  Air 

Force  program  is  with  Garrett  Corp.'s AiResearch  Div.,  whose  contract  runs 
out  in  April.  This  effort  is  due  to  be 
expanded.  But  the  question  nettling  the 
Air  Force  is  how  far  it  can  let 
AiResearch  or  any  other  company  go 

before  infringing  on  AEC's  prerogatives in  the  reactor  field. 

•  NASA-AEC  understanding  —  A 
"Memorandum  of  Understanding"  be- 

tween AEC  and  NASA  was  signed  in 
the  summer  of  1960  between  John  A. 
McCone,  then  AEC  chairman,  and  T. 
Keith  Glennan,  then  NASA  administra- 

tor. It  defined  the  areas  of  responsibility 
of  each  agency  with  respect  to  applying 
nuclear  energy  to  space  missions. 

The  two  agencies  agreed  that  the 
AEC  is  "primarily  responsible"  for  de- veloping reactors  and  components  in 
support  of  reactors.  They  also  agreed 
that  NASA  is  "primarily  responsible" 
for  R&D  on  non-nuclear  components 
and  for  integrating  all  components  into 
a  power  system  or  propulsion  system. 

The  memorandum  clearly  covers  all 
nuclear  power  systems  and  is  not  re- 

stricted to  just  one,  such  as  Rover. 
Nevertheless,  the  AEC  is  now  re-exam- 

ining its  mission  in  the  nuclear  space- 
power  field.  The  discussion  recently 
reached  the  Commissioner  and  Assistant 
Secretary  level.  Commissioner  Robert 
Wilson  told  Missiles  and  Rockets: 

"I  cannot  say  when  the  results  of  this 
discussion  will  be  forthcoming." 

He  admitted  that  one  of  the  ques- 
tions under  study  is  whether  the  AEC 

should  restrict  itself  just  to  reactor 
development  or  should  take  on  the 
entire  power  system.  Asked  whether 
this  meant  that  the  "Memorandum  of 

by  William  Beller 

Understanding"  with  NASA  was  no 
longer  in  force,  the  Commissioner  re- 

plied sharply,  "There  is  no  agreement 
with  anybody  on  how  the  tasks  should 
be  divided  on  large  nuclear  space  power 

except  Rover."  He  denied  that  there  is 
any  general  understanding. 

•  A  question  of  management — This 
much  is  agreed  on  by  all  three  organ- izations: 

—The  prototype  of  a  300-kw  nu- 
clear unit  will  not  be  developed  until 

about  1970.  It  will  be  a  high-tempera- 
ture Rankine-cycle  system. 

—The  job  is  an  extremely  difficult 
one.  There  is  some  doubt  that  it  can 
be  done  at  all;  but  this  doubt  is  very 
small. 

—The  job  will  be  so  costly  that  it 
can  be  done  only  once  and  it  must  be 
done  right. 

—All  three  organizations — Air 
Force,  AEC  and  NASA — must  coop- erate in  the  venture. 

—The  AEC  will  develop  the  reactor 
and  will  test  the  final  system.  (This  is 
also  a  legal  requirement.) 

•  AEC  stand — G.  M.  Anderson, 
AEC's  Chief  of  Auxiliary  Power 
Branch,  maintains  that  the  reactor  is 
the  prime  factor  governing  the  shape 
of  a  space  vehicle  using  nuclear  power. 

Furthermore,  Anderson  says,  the 
conversion  equipment  is  so  intimately 
bound  up  with  the  reactor,  the  AEC  is 
probably  in  the  best  position  to  manage 
the  power-package  job. 

The  AEC  also  presses  its  point  this 
way:  If  there  are  two  prime  contractors 
— the  reactor  manufacturer  and  the 
converter-system  manufacturer  —  then 
there  has  to  be  an  integrator.  But  the 
integrator  would  almost  have  to  live  at 
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the  reactor  plant  to  do  his  job  right, 
since  the  reactor  is  the  key  to  the  sys- 

tem. It  would  be  more  economical, 
therefore,  to  let  the  reactor  manu- 

facturer be  the  overall  prime,  and  the 
AEC  be  the  program  manager. 

•  NASA  stand — Below  the  Admin- 
istrator level  at  NASA,  it  is  assumed 

that  the  "Memorandum  of  Understand- 
ing" firmly  divides  AEC's  and  NASA's 

responsibilities,  with  NASA  as  system 
manager. 

Nevertheless,  a  top-level  secret 
meeting  on  the  subject  was  held  early 
last  month.  Reported  present:  James  E. 
Webb,  NASA  Administrator;  Robert 
Seamans,  Jr.,  Associate  NASA  Admin- 

istrator; and  AEC's  Seaborg.  Up  for 
discussion  was  the  division  of  responsi- 

bility. Webb  is  said  to  have  gone  with 
Seaborg's  idea  of  giving  AEC  the  man- 

agement role,  while  Seamans  did  not. 
The  problem  remained  unresolved,  but 
a  follow-on  meeting  was  set  up.  Seaborg 
is  said  to  have  had  a  similar  meeting 
this  month  with  a  high  Air  Force 
official. 

•  Air  Force  stand — The  Air  Force 
view,  according  to  a  spokesman  high 
in  the  SPUR  project,  is  to  design  the 
nuclear-power  system  to  fit  into  the 
space-vehicle  booster. 

Some  Air  Force  policy  makers  on 
the  SPUR  program  are  raising  their  eye- 

brows at  AEC's  "sudden"  interest  in 
starting  SNAP  50.  Their  feelings  were 
summed  up  by  an  officer  who  said,  "We believe  that  this  should  be  an  Air  Force 
program,  and  that  they  do  what  they 
are  told  to  do  by  law  and  what  we  are 
not  permitted  to  do — that  is,  the  reactor 
work." He  added  that  the  Air  Force  wants 
to  do  the  systems  work  because  it  is 
the  user  agency.  He  said  that  the  Air 
Force  also  feels  that  the  problem  of 
getting  the  nuclear  system  has  more 
urgency  for  the  military  than  for 
NASA.  The  system  would  also  be  more 
directed  to  an  ultimate  use.  Unlike 

NASA's  R&D  effort  on  the  general 
problem,  "we  want  research  on  com- 

ponents directed  to  the  SPUR  pro- 
gram," he  said. 

•  Requirements  "merry-go-round" 
— An  AEC  official  explained  that  his 
agency's  funding  depends  on  a  system 
of  requirements  —  and  that  whoever 
wants  a  high-power  nuclear  system  must 
spell  out  what  kind  of  a  system  is 
wanted  and  its  mission.  He  complained 
that  the  AEC  is  stymied  because  "no- 

body has  come  up  with  a  requirement 
for  so  much  power  by  such-and-such  a 
date." 

Taking  sharp  issue  with  AEC's 
stand,  a  NASA  spokesman  said,  "AEC 
doesn't  need  requirements.  .  .  .  We  told 
AEC  we're  interested  in  high-power 
reactors.  No  one's  holding  them  back." 

AEC'S  SEABORG 
Feels  his  agency  should  be  manager. 

NASA'S  WEBB 
Split  with  associate  administrator? 

REP.  PRICE 

Sees  ''requirements  merry-go-round." 

The  NASA  spokesman  added, 
"There's  no  point  in  pinning  missions 
on  things  we  don't  know  we  can  build." He  also  observed  that  the  longer  the 
AEC  waits  for  a  requirement,  the  less 
need  there  will  be  for  the  agency  to  fill 
it.  Others  will  have  done  the  work. 

A  highly  placed  Air  Force  scientist 
echoed  the  views  of  NASA  on  the  diffi- 

culty of  providing  a  clear-cut  require- 
ment for  a  system  nobody  knows  can 

be  made. 

The  AEC's  initial  disinterest  in 
SPUR,  apparently  due  to  lack  of  a 
requirement,  led  to  Air  Force  backing 
of  the  program.  An  Air  Force  officer 
at  one  time  connected  with  SPUR  said 
this  is  the  way  it  began: 

"In  November,  1959,  the  Air  Force 
felt  that  a  program  such  as  SPUR 
should  start.  We  asked  the  AEC  to  run 
feasibility  and  supporting  studies. 

"But  the  AEC  was  wrapped  up  in 
ANP  and  SNAP  and  had  neither  the 
funds  nor  inclination. 

"We  had  a  meeting  with  NASA, 
ARPA  (Advanced  Research  Projects 
Agency),  and  AEC,  and  said  we'd  like 
to  go  ahead.  They  said  okay.  We  set 
on  300-kw  as  being  large  enough  to 
significantly  extend  the  art  and  not 
conflict  with  SNAP;  and  small  enough 
to  prove  feasibility  without  getting  into 
expensive  hardware. 

"Today,  the  program  is  entirely  Air Force  funded  and  directed.  NASA  is 
participating  with  technical  comments. 
The  AEC  on  an  'informal'  basis  is  run- 

ning the  reactor  part  of  the  program." 
Rep.  Melvin  Price  (D-Ill.)  describes 

the  issue  as  a  "requirements  merry-go- 

round." 

A  member  of  the  Joint  Committee 
on  Atomic  Energy,  he  emphasized  the 
stand  of  the  committee:  ".  .  .  work 
should  be  carried  out  which  holds 
promise  for  advancing  the  technology 
even  though  no  immediate  value  or  ap- 

plication can  be  assigned  to  the  con- 

cept." 

•  The  three  projects  —  The  step 
after  SNAP  8  is  known  to  the  Air  Force 
as  SPUR,  to  the  AEC  as  SNAP  50, 
and  to  NASA  as  an  advanced  nuclear- 
power  project.  The  first  two  systems  are 
conceived  to  furnish  power  in  the 
300-kw  to  1 -megawatt  range,  and 
NASA's  project  is  conceived  as  an 
overall  study  of  the  high-power  problem 
including  the  AF  and  AEC  system. 

SPUR,  like  the  even-numbered 
SNAP  systems,  is  based  on  the  Rankine 
thermodynamic  cycle. 

Prime  contractor  on  SPUR  is  held 

by  Garrett  Corp.'s  AiResearch  Div. 
Working  on  the  project  for  a  year  and 
a  half,  the  firm  is  responsible  for  devel- 

oping the  conversion  loop  and  for  sys- 
tems integration.  Electricity  is  expected 

(Continued  on  page  38) 
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$700  million  plus  .  .  . 

Lunar-landing  Module  Award  Due  Soon 

Decision  to  use  liquids  is  new  blow  to  solid 

backers;  choice  will  almost  complete  contractor  team 

NASA  WILL  WIND  UP  the  major 
portion  of  its  industrial  development 
team  for  the  Apollo  spacecraft  with  the 
award  in  the  near  future  of  a  multimil- 

lion-dollar contract  for  the  lunar-landing 
module. 

A  top  space  agency  official  discloses 
that  industrial  proposals  for  the  contract 
will  be  requested  within  a  month.  Selec- 

tion of  the  contractor  could  come  as 
early  as  mid-April. 

NASA  has  also  decided  to  use  liquid 
propulsion  in  the  module. 

This  deals  another  setback  to  the 
adherents  of  solid-rocket  motors  who 
recently  saw  their  hopes  for  early  devel- 

opment of  large  solid  boosters  dashed 
by  another  NASA-DOD  decision. 

The  lunar-landing  module  will  power 
the  spacecraft  during  moon-orbital  and 
landing  phases  of  the  Apollo  mission. 

Its  engines  will  burn  liquid  hydro- 
gen-oxygen, the  official  said.  Total  thrust 

has  not  been  set,  but  it  will  range  from 
40,000  to  1 00,000  lbs.  The  module  will 
be  20  ft.  in  diameter  and  40  ft.  long  and 
will  weigh  80,000  lbs. 

The  official  refused  to  estimate  total 
worth  of  the  contract  except  to  say  it 
would  be  worth  more  than  $100  million. 

He  said  that  present  plans  call  for 
the  completion  of  the  first  module  in 
late  1964  or  early  1965.  Ballistic  tests 
will  be  made  in  the  latter  year,  and 
flight  tests  with  the  rest  of  the  Apollo 
spacecraft  in  1966. 

•  Team  takes  form — The  upcoming 
award  will  virtually  complete  the  Apollo 
contractor  team,  although  other  space- 

craft contracts  will  be  awarded  to  indus- 
try over  the  next  couple  of  years. 
Only  last  week,  NASA  announced 

that  General  Electric  has  been  selected 
to  perform  systems  integration  and 
checkout  work  required  in  mating  the 
spacecraft  to  its  launch  vehicle. 

Earlier,  North  American  Aviation, 
Inc.,  was  selected  as  prime  contractor 
for  the  spacecraft,  with  its  major  role 
the  development  of  the  command  and 
service  modules  and  systems  integration 
for  the  whole  spacecraft. 

MIT  has  been  selected  to  develop 
the  guidance  and  navigation  systems  for 
the  spacecraft. 

The  list  of  other  contracts  which 
will  be  awarded  later  in  the  Apollo  pro- 

gram includes: 
World-wide  tracking  network — It  is 

certain  that  the  Apollo  program  will 
require  additional  tracking  facilities  be- 

yond the  current  Mercury  and  Deep 
Space  Instrumentation  Facility  net- 

works. Intense  study  is  now  being  put 
into  the  problem  by  NASA,  but  no  deci- 

sion has  been  made  as  to  additional  re- 
quirements. It  is  certain  that  the  God- 

dard  Space  Flight  Center  will  have 
prime  responsibility  for  its  development, 
but  industrial  contracts  will  be  awarded. 

Orbiting  Laboratory  Module — Its 
development  is  dormant  at  the  present 
time,  and  no  contract  will  be  awarded 
for  at  least  another  year.  NASA  empha- 

sizes that  it  is  certain  the  module  will 
be  included  in  the  program  at  some 
future  time,  but  the  date  will  depend 
on  what  space  environment  problems 
develop  for  the  pilots. 

Mission  Control  Center — This  will 
be  built  at  Cape  Canaveral.  It  will  be 
the  central  control  point  for  all  aspects 
of  the  preflight  preparations  and  flight 

Lockheed  Wins  Apollo 

Escape  Motor  Award 
LOCKHEED  Propulsion  Co.  has 

been  selected  to  design  and  build  a 
solid-propellant  launch  escape  motor 
for  the  Apollo  spacecraft. 

The  subcontract  was  awarded  by 
the  Space  and  Information  Systems 
Division  of  North  American  Avia- 

tion, Inc.,  principal  contractor  for 
the  Apollo  program,  which  said  it  will 
be  worth  an  estimated  $5,000,000. 

Lockheed  Propulsion  (formerly 
Grand  Central  Rocket  Co.),  a  sub- 

sidiary of  Lockheed  Aircraft  Corp., 
built  the  escape  motor  for  the  Mer- 

cury spacecraft.  In  the  Apollo  pro- 
gram, the  device  will  separate  the 

manned  command  module  from  the 
rocket  booster  in  the  event  of  an 
emergency  during  the  launch  or  pre- 
launch  phases. 

by  Hal  Taylor 

missions  of  the  spacecraft. 
Guidance — One  or  more  industrial 

contractors  will  be  selected  shortly  to 
work  with  MIT  on  the  guidance  system 
(M/R,  Feb.  12,  p.  34). 

•  Engine  puzzle — NASA  officials 
expect  to  invite  all  qualified  airframe 
manufacturers  to  submit  proposals  on 
the  lunar-landing  module.  One  of  the  big 
problems  for  the  firms  will  be  to  decide 
what  engine  or  engines  will  be  used. 

The  requirement  for  a  liquid  hydro- 
gen propulsion  system  narrows  the 

choice  down  to  only  two  existing  engines 
—Pratt  and  Whitney's  RL-10  with 
15,000  lbs.  trust  and  Rocketdyne's  J-2 engine  with  200,000  lbs.  thrust. 

Although  the  latter  is  more  power- 
ful than  the  thrust  required,  NASA  offi- 

cials are  not  ruling  it  out. 
Similar  engines  are  on  the  drawing 

boards  of  other  missile  space  firms,  and 
it  is  possible  that  one  of  these  may  be 
selected. 

Prime  mission  of  the  module  is  the 
soft  landing  on  the  moon.  It  will  require 
a  restart  capability  in  order  to  go  into 
lunar  orbit  and  it  will  need  some  sort  of 
thrust-vectoring  to  control  attitude. 

It  must  also  have  high  specific  im- 
pulse, which  means  that  liquid  hydrogen 

must  be  used  as  the  propellant. 
The  GE  contract  which  was  an- 

nounced recently  will  be  worth  only  $1 
million  for  the  first  six  months,  but  its 
value  will  be  many  times  that  over  the 
course  of  the  Apollo  program. 

In  the  first  six  months,  the  firm  will 
study  what  is  required  to  develop  a  sys- 

tem for  integration  and  checkout  of 
spacecraft  and  launch  vehicle. 

Later  it  will  be  responsible  for: 
—Assuming  overall  responsibility 

for  the  reliability  of  the  spacecraft  and 
launch  vehicle. 

—Doing  systems  integration  and 
checkout. 

— GE  will  fill  the  gap  between  North 
American,  which  will  do  the  space  craft 

integration,  and  NASA's  Office  of 
Manned  Space  Flight,  which  will  do  the 
systems  integration  for  the  whole  Apollo 
program — which  includes  tracking  and 
astronaut  training.  8 

14 missiles  and  rockets,  February  19,  1962 



SD-5  returns  to  predetermined  area  after 
mission  and  dumps  remaining  fuel  before  recovery. 

$75-million  outlay  .  .  . 

SD-5  May  Decide  Fate  of  Drones 

Fairchild's  sophisticated 
bird  could  have  many  uses; 

support  needs  simplifying 

by  Charles  D.  LaFond 
Yuma  Test  Range,  Ariz. — The  fu- 

ture of  long-range  high-performance 
military  drones  may  rest  with  the 
AN/  USDS  Surveillance  Drone  now  in 
final  development. 

After  nearly  5  years'  effort  and  over 
$75  million  investment  by  the  Army, 
even  the  staunchest  drone  advocates  be- 

lieve that  engineering  model  tests  over 
the  next  few  months  must  show  a  suc- 

cess. Otherwise,  they  see  the  end  of  a 
requirement  for  such  a  vehicle  for  at 
least  the  next  5-10  years. 

The  SD-5  program  got  a  boost  last 
week  when  the  drone  successfully  com- 

pleted a  high-altitude,  long-range  R&D 
flight  under  control  of  its  Inertial  Navi- 

gation System.  Another  recent  attempt 
to  test  the  INS  system  had  been 
scrubbed  just  before  launch  due  to  guid- 

ance troubles.  Earlier  short-duration 
INS  flights  were  completely  successful, 
according  to  Walt  Schafer,  Fairchild 
Director  of  Engineering. 

Prime  contractor  for  the  program 
is  Fairchild  Stratos  Corp.  Command  and 

control  electronic  subsystems  are  being 

developed  by  the  company's  Electronic Systems  Division,  at  Wyandanch,  L.I., 
N.Y.;  airframe,  launcher,  other  ground 
support,  and  systems  integration  is  be- 

ing carried  out  by  the  Aircraft-Missiles 
Division  at  Hagerstown,  Md. 

The  Signal  Corps  contract  is  being 
performed  under  the  supervision  of  the 
Army  Combat  Surveillance  Agency  with 
technical  direction  by  the  Signal  Re- 

search and  Development  Lab  at  Fort 
Monmouth,  N.J. 

Scheduled  now  to  be  operational  in 
late  1963,  the  turbojet-powered  un- 

manned aircraft  is  designed  for  the  pri- 
mary mission  of  supporting  tactical 

Pershing-class  missile  systems. 
Reportedly  capable  of  flying  dis- 

tances exceeding  2000  miles  at  alti- 
tudes of  from  a  few  hundred  feet  to 

over  35,000  ft.,  the  highly  sophisticated 
drone  obviously  could  perform  many 
other  military  or  even  non-military functions. 

Under  flight-testing  since  mid-1960, 
the  SD-5  so  far  has  had  13  successful 
flights,  2  partials  and  4  failures. 

Success  of  current  test  flights  will 
go  a  long  way  in  proving  the  polygamic 
marriage  of  the  guidance  and  control 
system,  terrain  avoidance  radar  and  the 
electronic  recovery  subsystems. 

Success  also  may  add  impetus  to  a 
program  that  has  slipped  at  least  six 

months  behind  schedule. 
•  Multi-sensor  package — One-third 

of  the  SD-5's  36-ft.  length  is  designed 
to  carry  surveillance  equipment.  The 
nose  of  the  airframe  carries  the  TARA, 
or  Terrain  Avoidance  Radar,  built  by 
Texas  Instruments,  Inc. 

Also  included  in  the  forward  section 
is  a  KA-30  or  T-l  1  reconnaissance  cam- 

era, an  infrared  sensor  system  (AN/ 
AUS-5)  and  SLAR,  side-looking  radar. 
Both  SLAR  and  the  IR  equipment  were 
also  developed  by  Texas  Instruments. 
Other  subsystems  which  might  be  car- 

ried include  radiological  detection  and 
measuring  devices,  chaff  dispensers, 
meteorological  instruments,  and  in-flight 
film  processing  equipment. 

A  UHF  data  link  for  line-of-sight 
communication  between  the  drone  and 

ground  are  provided,  as  well  as  a  re- 
verse data  link,  which  employs  a  trans- 

ponder, for  beyond  line-of-sight  trans- 
missions from  ground  control. 

The  remaining  length  of  the  bird 
contains  a  highly  sophisticated  Inertial 
Navigation  System  (INS),  Flight  Con- 

trol Unit  (FCU),  CAT  (Command  and 
Triangulation  system),  cooling  system, 
hydraulic-driven  alternator  and  auxil- 

iary electrical  power,  and  the  propulsion 

system. To  lift  the  4.5-ton  vehicle  from  its 
zero-length  launcher,  a  4000-lb.-thrust 
solid-propellant  booster  is  used.  Devel- 
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SHORTLY  AFTER  LAUNCH,  4000-lb. -thrust  solid  boostei 
drops  off.   J60  3000-lb. -thrust  engine  then  supplies  power. 

MOMENT  OF  TRUTH — Just  before  touchdown,  vertical  swing 
is  negligible.    Impact  on  all  three  bags  occurs  simultaneously. 

oped  by  Picatinney  Arsenal  the  booster 
is  dropped  from  the  air-frame  shortly 
after  launch. 

About  the  end  of  the  booster  nozzle 

is  a  jetavator  which  permits  ±5°  vector 
control  in  the  pitch  axis. 

Principal  power  is  derived  from  a 
J60  Pratt  &  Whitney  3000-lb.-thrust 
turbo-jet  engine.  (It  is  worthy  of  note 
that  the  auxiliary-power  alternator  en- 

ergized with  ground  power  is  used  as 
the  engine  starting  motor.) 

Fuel  for  the  big  engine  is  carried  in 
each  Fiberglas-honeycomb  wing.  The 
outer  skin  of  the  wings  is  also  fabricated 
from  Fiberglas. 

The  drone  fuselage  presently  is  of 
aluminum.  However,  Fairchild  is  now 
studying  other  materials  including  Fiber- 

glas for  the  outer  skin. 
•  Guidance  and  control — Heart  of 

the  guidance  system  for  the  SD-5  is 
the  INS.  It  consists  of  a  three-gyro  sta- 

bilized platform,  developed  by  Minne- 
apolis-Honeywell, and  a  digital  proces- 

sor and  programer,  developed  by 
Hughes  Aircraft.  A  drum-type  memory 
unit  is  employed  for  programing  com- 

plete flights. 
All  test  vehicles  are  provided  with 

a  radio  command  backup  to  assure 
ground  or  chase-plane  control  if  neces- 
sary. 

TARA,  with  its  altitude  determining 
radar  and  computer  subsystem,  supports 
the  INS.  In  the  "hug"  mode,  it  provides 
clearance-over-terrain  data  to  the  INS. 
For  other  missions,  it  provides  override 
commands  to  the  Flight  Control  Unit 
for  obstacle  clearance. 

Besides  its  navigational  function 
from  launch  to  return  to  recovery  area, 
the  INS  programer  directs  all  the  sen- 

sory subsystems  over  appropriate  target 
zones.  Flight  paths  over  targets  may  be 
anything  from  a  single  pass  over  a 
specific  area  to  a  sweep  pattern  covering 
a  whole  zone. 

Electronic  outputs  from  the  various 
sensors  may  be  directed  through  the 
INS  to  a  Flight  Data  Processor.  From 
the  processor,  data  can  be  presented  in 
a  cathode-ray  tube  and  photographed 
for  storage,  and/or  they  can  be  trans- 

mitted via  the  uhf  data  link  to  ground 
stations  for  readout  and  storage. 

Upon  return  to  the  recovery  area, 
the  master  control  station  acquires  flight 
control  of  the  drone  with  CAT,  the 
Command  and  Triangulation  system. 
Essentially  a  short-range  radio  com- 

mand and  locating  system,  it  em- 
ploys a  uhf  slave  receiving  station  and 

an  Army  BasicPac  Mobile  Computer 
(built  by  Philco)  to  bring  the  bird  into 
a  relatively  small  drop  zone  and  to 
initiate  the  recovery  system. 

•  Recovery  and  reuse — Fairchild's 
recovery  system  is  elegantly  simple,  but 
remarkably  effective.  Engineers  here  at 
the  Drone  Test  Range  said  that  to  date 
no  failures  have  been  attributed  to  this 
system. 

Just  before  initiating  the  recovery 
system,  all  remaining  fuel  is  dumped 
from  outlets  on  the  wing  tips.  Contained 
in  the  fuselage  on  the  topside  of  the 
drone  are  two  78-ft.  parachutes.  Upon 
release,  they  are  each  pulled  rearward 
on  either  side  of  the  rudder  by  a  small 
pilot  chute  and  a  larger  drogue  chute. 
The  mainchute  lines  are  restrained  until 
the  chutes  are  evenly  filled  and  fully 
elongated.  The  restrainer  is  then  cut 
automatically  and  the  twin  chutes  open fully. 

At  the  same  time  three  double  con- 
centric pneumatic  bags  are  released  and 

inflated:  one  protruding  downward 
from  beneath  the  drone  nose  and  one 
bulging  below  each  wing.  Each  bag 
contains  a  smaller  inflated  bag. 

On  impact  with  the  ground,  blowout 
patches  in  each  of  the  outer  landing 
bags  release  air  and  thus  cushion  and 
help  stabilize  the  vehicle.  The  inner  bags 
remain  intact,  keeping  the  vehicle  at  a 
safe  height  above  ground. 

After  a  short  delay  (roughly  20  sec.) 
an  impact  switch  releases  the  parachute assembly. 

With  relatively  simple  maintenance 
and  repacking,  refueling,  and  checkout 
the  drone  should  be  ready  for  its  next 
mission. 

•  What  next? — R&D  tests  of  the  all- 
weather  drone  will  continue  for  some 
time  yet.  The  next  major  step  in  the 
program  is  to  study  and  determine  op- 

erational requirements  for  the  system. 
Another  aspect  bound  to  receive 

more  study  are  various  applications  for 
these  drones.  A  drone  of  this  type  offers 
an  inherent  capability  for  dispersal  of 
chemical  and  biological  agents,  dispens- 

ing of  bomblets,  and  delivery  of  high- 
priority  cargo — as  well  as  other  ap- 

plications already  alluded  to,  such  as 
surveillance  and  photogrammetry. 

Much  work  remains  to  be  done  in 
minimizing  requirements  for  the  launch 
and  flight  control  complex  maintenance 
and  checkout  systems  needed  to  support 
the  SD-5.  Overcomplication  on  the 
ground  could  negate  all  the  designed 
flexibility  of  the  bird.  The  overall  system 
must  be  as  mobile  and  must  react  just 
as  fast  as  the  Army  units  whom  it  may 
someday  assist.  8 
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Technician  about  to  radiograph  hafnium  plate  destined  for  nuclear  reactor. 

To  make  Reactors  behave 

Components  for  nuclear  reactors  require  exquisite  integrity 

in  materials  and  workmanship.  Superior  Tube,  Norristown,  Pa., 

has  radiography  sit  in  final  judgment. 

Making  reactor  elements  is  difficult,  exacting  work.  Any 
impurities  or  voids  in  the  rare  materials,  or  faults  in  the 
fabrication  of  components  such  as  control  rods  could 
cause  a  reactor  failure. 

Superior  Tube  achieves  high-quality  welding  in  con- 
trolled-atmosphere  chambers.  To  verify  this  quality,  they 
use  radiography  to  explore  the  inner  structures — to  assure 
complete  weld  penetration  and  freedom  from  discon- 
tinuities. 

Everyone — foundryman  or  fabricator — who  wants  to 
deliver  only  high-quality  work — and  be  able  to  prove  it 

— should  take  advantage  of  radiography.  It's  a  big  factor 
in  satisfying  customers  and  building  business.  Talk  it 
over  with  an  x-ray  dealer  or  write  us  to  have  a  Kodak 
Technical  Representative  call. 

EASTMAN  KODAK  COMPANY 

X-ray  Sales  Division  •  Rochester  4,  N.Y. 

Now . . .  Ready  Pack  in  ROLLS  and  SHEETS 
Kodak  Industrial  X-ray  Film,  Types  AA  and  M 
in  200-ft.  rolls  (16mm,  35mm,  70mm)  and 
sheets  (8x  10,  10  x  12,  11  x  14,  14  x  17). 

♦  No  darkroom  loading — film  sealed  in  a 
lighttight  envelope. 

4  Just  place  Ready  Pack  in  position  and  expose. 
4  Film  protected  from  dust,  dirt,  light, 

and  moisture. 

4  In  the  darkroom — remove  film 
from  envelope  and  process. 
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MOBILIZING 

About  fifty-billion  dollars  will  be  spent  in  the  next  decade  to  develop 
the  moon  program — 80%  with  industry. 

NOVEMBER  27,  1961  —  MISSILES  AND  ROCKETS  published  its  NASA 
Issue,  an  in-depth  study  of  the  National  Aeronautics  and  Space 
Administration's  programs,  projects,  facilities,  personnel,  and  con- 

tracting procedures — emphasis  centered  on  NASA's  future  material 
and  contract  requirements.  JANUARY  5,1962  —  Over  1,000  single 
copies  ordered  by  companies  and  individuals.  JANUARY  11,1962 
—  NASA  purchased  60,000  reprints  of  the  editorial  section  of  the 
NASA  issue. 

NOW—  MISSILES  AND  ROCKETS,  for  the  first  time,  offers  companies 
interested  in  doing  business  with  NASA  the  opportunity  to  buy 
reprints  of  the  editorial  section  of  the  NASA  Issue — 1961's  most 
important  and  informative  missile/space  publication. 

CONTENTS M/R's  FIRST  ANNUAL  NASA  ISSUE- 
II 

Webb:  Moon  Landing  May  Be  Man's  Toughest  Endeavor 
Dryden:  Industry  Charged  With  Achieving  Reliability 

PREVIEW  OF  PROGRESS  BY  FIELDS  OF  INTEREST— 

la  Planning:  Spending  in  '60's  To  Reach  $50  Billion 
4  Spacecraft:  Apollo  Team  To  Be  Chosen  by  Mid-1962 
7  Propulsion:  Mastery  of  Hydrogen  Vital  to  Success 
10  Electronics:  Market  To  Total  $5  Billion  in  3  Years 
13  Space  Medicine:  Panel  To  Decide  How  Funds  Are  Spent 
14  APU's:  Auxiliary  Power  R&D  Funding  Soars  by  86% 
16  Materials:  Trend  Toward  More  Research  by  Industry 
19  Contracting:  Up  to  $4  Billion  a  Year  May  Be  Awarded 

GUIDE  TO  SPACE  AGENCY  INSTALLATIONS— 
21  Headquarters:  Seamans  To  Run  24,000— Man  Lunar  Team 
24  Marshall  Will  Receive  $1  Billion  in  Fiscal  Year  1963 
27  Apollo  Contracts  To  Flow  from  New  Houston  Center 
29  Western  Ops  Awaits  Upsurge  of  West  Coast  Activity 
30  Goddard's  Funds  Tagged  Mainly  for  Unmanned  Craft 
33  Cape's  Launch  Directorate  Due  for  500%  Money  Hike 
35  Wallops  Island  To  Grow  Only  Slightly— If  At  All 
36  Pacific  Range  Has  Modest  Program  But  Key  Role 
37  Langley  Continues  As  Materials/Structures  R&D  Leader 
40  Lewis  May  Move  Away  from  Its  In-House  Tradition 
43  Ames  Work  on  Life  Support  Systems  Intensifies 
45  Edwards  Expected  To  Get  Big  Spacecraft  Recovery  Role 
49  JPL  Speeds  Lunar  Work,  Will  Double  Expenditures 
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Technical  Countdown 

ADVANCED  MATERIALS 

Electromagnetic  Ballistic  Gun  Studied 

Northrop"s  Norair  Division  scientists  are  developing  an 
electromagnetic  ballistic  gun  capable  of  firing  small  metallic 
projectiles  at  speeds  of  100,000  fps — the  velocities  of  meteor- 

ites in  space.  Electrical  energy  required  for  the  accelerator 
might  approach  1  million  amps.  Norair  physicists  admit  that 
the  technological  problems,  particularly  in  materials,  are 
formidable. 

Dynapak  Successful  at  Bendix 

The  Utica  Division  of  Bendix  Corp.  reports  consistent 
success  with  a  model  1210  General  Dynamics  Dynapak. 
The  unit  has  a  working  stroke  of  12  in.  and  a  cylinder 
diameter  of  12  in.  The  $60,000  machine  paid  for  itself  in 
less  than  a  year.  Utica  has  forged  titanium.  Udimet  500 
and  Hastelloy  C. 

Domestic  Beryllium  Flake  Source  Revealed 

The  Beryllium  Corp.  produces  high-purity  beryllium  flake 
at  its  Reading,  Pa.,  plant.  Increased  interest  in  the  electro- 

lytic flake  form  for  experimental  use  prompted  the  firm  to 
establish  the  facility,  which  may  be  expanded  depending 
upon  the  results  of  evaluations  by  companies  engaged  in 
beryllium  programs. 

Portable  Electron  Beam  Welder  Developed 

A  set  of  unique  sliding  seals  which  hold  the  necessary 
vacuum  in  electron-beam  welding  permit  North  American 
Aviation  researchers  to  move  an  electron  gun  along  a  track. 
The  part  being  welded  forms  one  wall  of  the  vacuum  cham- 

ber. The  current  unit  is  limited  to  2-ft.  welds,  but  a  produc- 
tion machine  being  planned  will  handle  welds  from  5  to 

8  ft.  long  with  a  single  chamber  setting.  The  development 
might  lead  to  a  large  scale  production  use  of  electron  beam 
welders,  since  the  vacuum  work-area  is  the  limiting  factor. 

150-Ton  Ring  Rolling  Mill  Operational 
Standard  Steel  Division  of  Baldwin-Lima-Hamilton  has 

extended  its  high-  and  superalloy  ring  rolling  capability 
with  the  installation  of  a  new  150-ton  ring  rolling  mill. 
Greater  flexibility  and  closer  dimensional  control  are  possi- 

ble because  of  automatic  diameter  indication  and  control. 
The  unit  has  a  200-HP  variable-speed  main  roll  drive  motor 
and  a  75-hp  hydraulic  power  unit  for  the  pressure  cylinder. 

ELECTRONICS 

High-Power  Shock  Tube  Ready 

Interaction  of  extremely  high-power  microwaves  with 
plasmas  generated  in  a  high-Mach  shock  tube  will  be  studied 
at  the  Polytechnic  Institute  of  Brooklyn's  Long  Island  Gradu- 

ate Center.  The  Center  recently  put  into  operation  a  high- 
power  amplifier  capable  of  a  100-megawatt  output.  Built 
by  Sperry's  Electronic  Tube  Division  at  a  cost  of  $2.2  mil- 

lion, the  equipment  will  deliver  10  megawatts  of  peak  power 
in  short  pulses  at  a  frequency  of  approximately  5500  mc.  to 
reach  a  100-megawatt  peak,  the  device  is  coupled  to  a 
circular  500-ft.  microwave  flywheel  tube. 

Radar/Inertia  Elements  Wedded 

Sperry  Gyroscope  is  proposing  a  new  90-lb.  navigation 
system  for  return  and  recovery  of  space  vehicles.  Called 
LASSO  (Landing  and  Approach  System — Spiral  Oriented), 
it  is  described  as  being  10  times  faster  than  comparable 
systems  in  advising  the  astronaut  of  his  position  and  course. 
Initiated  at  20,000  miles  from  target  area,  inputs  from  con- 

ventional optical/ inertial  instrumentation  are  collected.  At 
5000  miles  altitude,  a  Sperry  inertial  radar  altimeter  would 
be  employed  to  supply  precise  navigational  data  including 
relative  velocity  and  altitude.  System  accuracy  even  at  hun- 

dreds of  miles  is  within  a  few  hundred  feet,  the  companv says. 

Amplifier  Tube  Efficiency  Increased 

Traveling-wave  amplifiers — developed  for  use  in  radar 
and  satellite  communications — can  be  made  40-100%  more 
efficient,  two  University  of  Michigan  electrical  engineers 
report.  The  theory  and  method,  devised  by  Prof.  J.  E.  Rowe 
and  graduate  student  lohn  Meeker,  involves  slowing  down 
the  signal  wave  on  the  tube  helix.  By  varying  the  number  of 
turns  or  coils  per  inch  of  the  helix  near  its  end,  the  energy 
level  within  the  tube  can  be  controlled.  By  increasing  the 
number  of  turns,  the  signal  remains  more  in  phase  with  the 
electron  beam — with  a  consequent  increase  in  efficiency. 

ASTRONAUTICS 

Geomagnetism  Study  Outlined 

During  the  World  Magnetic  Survey — scheduled  from 
1963  through  1965 — several  scientific  satellites  will  be 
launched  into  polar  orbit  to  supplement  the  existing  mapping 

data  on  the  earth's  magnetic  field.  Dr.  J.  P.  Heppner  of  the 
Goddard  Space  Flight  Center  discussed  the  plan  before  a 
Voice  of  America  audience  recently.  He  stressed  that  knowl- 

edge of  the  location  of  regions  in  space  where  the  strength 
and  direction  of  the  field  are  most  disturbed  is  essential  in 
determining  the  origin  of  various  magnetic  field  variations. 

SUPPORT  EQUIPMENT 

Lockheed  Opens  Antenna  Lab 

Lockheed-Georgia  Co.  is  putting  the  finishing  touches 
on  a  10,000-sq.-ft.  research  and  development  center  for 
aerospace  and  aviation  antenna  studies.  The  air-conditioned 
lab,  the  company  says,  includes  humidistats  for  constant 
temperature  and  humidity  controls,  a  microwave  darkroom 
for  measurements  above  940  mc.  and  special  apertures  in 
the  roof  and  walls  for  antenna  testing. 

Army  Announces  Space  Office 

A  new  Space  Construction  Office  has  been  established 
in  the  Office  of  the  Chief  of  Engineers  to  coordinate  all 
Army  Engineer  activities  carried  out  for  NASA.  Head  of 
the  new  organization  will  be  Col.  Thomas  I.  Hayes  III — 
current  Commander  of  the  Corps  of  Engineers  Ballistic 
Missile  Construction  Office  in  Los  Angeles — who  has  been 
nominated  for  promotion  to  Brigadier  General.  Col.  Hayes 
will  assume  his  new  duties  about  March  1 
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Launch  Date  Nears  for  First  Telstar 

AT&T's  space  communications  satellite  will  test 
system  feasibility,  carry  important  radiation  package 

by  Michael  Getler 

New  York — Anyone  close  enough 
to  look  inside  AT&T's  Telstar  commu- 

nications satellite  will  find  2325  semi- 
conductors, 1301  diodes,  1024  transis- 

tors, and  one  traveling  wave  tube. 
Details  on  how  the  lonely  TWT  and 

the  more  numerous  miniatures  fit  into 

the  satellite's  technical  makeup  began 
unfolding  here  this  week. 

In  May,  Telstar  is  slated  to  ride  a 
Delta  boost  vehicle  from  Cape  Cana- 

veral into  an  orbit  ranging  from  500  to 
3000  miles. 

Four  flight  versions  of  Telstar  and 
four  test  models  which  closely  resem- 

ble the  actual  flight  configuration  are 
now  in  final  stages  of  fabrication  and 
test  at  several  Bell  Telephone  Labora- 

tory facilities. 
Three  to  four  weeks  prior  to  sched- 

uled launch,  two  flight  satellites — one 
to  go  and  the  other  as  backup — will  be 
moved  to  the  Cape.  In  the  event  of  an 
unsuccessful  first  shot,  the  backup 
would  be  launched  in  about  two 
months. 

The  current  contract  between  Amer- 
ican Telephone  &  Telegraph  Co.  and 

the  National  Aeronautics  and  Space  Ad- 
ministration calls  for  NASA  launch  and 

track  of  two  experimental  versions  of 
Telstar.  with  provision  for  backup 
launchings  if  needed.  Cost  to  AT&T  for 
each  NASA-controlled  launch  and 
track  operation  is  approximately  $3 
million. 

The  extensive  net  of  Bell  ground 
support  equipment — including  a  huge 
300-ton  177-ft.  long  T/R  horn  antenna 
and  tracking  and  control  equipment  at 
Andover,  Me.,  beacon  and  telecom- 

munications reception  gear  at  Holmdel. 
N.J..  and  a  track  and  test  facility  at 
Cape  Canaveral — is  scheduled  to  be 
operational  within  the  next  six  to  seven 
weeks. 

•  Close  to  Relay  sliol — The  planned 
Telstar   launch    schedule  coincides 
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closely  with  launch  plans  for  NASA's Project  Relay  communications  satellite, 
in  which  Bel!  will  also  participate  in 
transmission  experiments.  The  first  Re- 

lay flight  is  expected  by  mid-year. 
NASA  is  installing  a  special  transmitter 
for  Relay  at  Bell's  Andover  site.  Receiv- 

ing equipment  will  be  the  same  as  for 
Telstar. 

Experimental  versions  of  Telstar  are 
designed  primarily  to  test  the  practi- 

cability of  broadband  communications 
via  satellite.  The  role  of  the  initial 
vehicle  will  be  to  receive  a  6390  mc 
radio  signal  from  the  Andover  trans- 

mitter, amplify  the  signal  roughly  ten 
billion  times  within  the  satellite's  com- 

munications package,  and  retransmit 
the  signal  on  4170  mc  to  Bell  receiving 

BELL  TECHNICIANS  prepare  to  give 
space-simulation  test  to  Telstar.  Thermal 
model  is  being  put  into  thermal-vacuum 
chamber  (left),  whose  walls  are  cooled  to 
simulate  heat  absorption  in  space. 

equipment  at  Andover,  Holmdel,  and 
several  other  widespread  governmental 
and  commercial  listening  posts.  Inter- 

national telephone  and  television  ex- 
periments will  probably  get  a  trial  run 

with  Telstar  later  this  year  as  European 
stations  become  operational. 

In  addition  to  Telstar's  basic  com- 
munications mission,  the  satellite  will 

also  carry  aloft  what  could  be  a  highly 
significant  radiation  package.  The  ex- 

periments include  a  thorough  probe  of 
inner  Van  Allen  belt  electron  energies 
and  densities,  and  studies  of  radiation 
effects  on  various  semiconductor  devices 
vital  to  active  space  communications. 

Here  is  the  latest  breakdown  on  the 
satellite,  its  major  systems,  and  the 
radiation  experiments: 

Airframe — The  Telstar  shell,  meas- 
uring 34'/2  in.  in  dia.,  is  of  aluminum, 

with  magnesium  used  for  the  frame- 
work. The  shape  is  roughly  spherical, 

with  72  flat  facets  positioned  around 
the  shell  for  mounting  3600  solar  cells 
and  a  single  reflective  mirror  (to  assist 
ground  observers  in  visual  sightings). 
Total  weight  including  the  communica- 

tions package  is  170  lbs. 
Antennas  —  The  two  major  T/R 

communications  antennas  girdle  the 
satellite  about  its  mid-section.  Antenna 
efficiency.  Bell  reports,  is  nearly  equal 
in  all  directions — with  the  exception  of 
the  satellite's  pole  regions,  where  nulls 
do  exist.  The  satellite  is  spin-stabilized 
during  launch  to  avoid  having  the  an- 

tenna null  positions  directed  towards 
the  earth  when  the  satellite  is  over  the 
northern  hemisphere.  These  major  an- 

tennas will  also  transmit  a  precision 
tracking  beacon. 

After  the  satellite  achieves  orbit,  a 
third  antenna  will  be  extended  from 
inside  Telstar  after  a  protective  fairing 
has  been  jettisoned.  Telemetry,  com 
mand,  and  beacon  circuits  will  be 
served  by  this  antenna 
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Two  small  whip  antennas  at  the 
base  of  the  satellite  will  handle  tele- 

metering requirements  during  launch. 
Power  Supply — Power  for  the  elec- 

tronics will  be  directly  supplied  by  20 
rechargeable  nickel-cadmium  cells.  The 
3600  solar  cells  which  dot  the  skin  of 
the  satellite  will  provide  the  charge  for 
the  nickel-cadmium  cells.  Initial  solar- 
cell  conversion  output  is  expected  to  be 
15  watts.  Due  to  anticipated  radiation 
and  meteroid  damage,  this  figure  will 
probably  drop  to  about  HVi  watts  after 
about  a  year  in  orbit. 

The  solar  cells  will  be  mounted  on 
a  ceramic  base  with  a  platinum  frame, 
and  will  be  shielded  from  electron  bom- 

bardment by  a  clear,  laboratory  sapphire 
material. 

Electronic  Chassis — Bell  has  taken 
considerable  care  to  insure  that  chassis 
design  will  provide  sufficient  shock  and 
vibration  attenuation. 

The  electronics  will  be  sealed  in  a 
20-in.  aluminum  canister  suspended 
within  the  airframe  by  nylon  cord  lac- 
ings. 

Polyurethane,  a  plastic  foam  which 
becomes  rigid  when  it  sets,  will  be 
poured  and  molded  around  each  elec- 

tronic subassembly.  When  these  units 
have  all  been  assembled  within  the  can- 

ister, the  chemical  will  be  poured  into 
the  entire  canister  to  form  a  completely 
rigid  structure. 

This  technique  was  used  by  Bell 
during  missile  guidance-system  develop- 

ment for  the  Titan  II  ICBM. 
The  sealed  cask  will  be  partially 

evacuated  of  air  and  filled  with  a  gas 
at  slightly  below  atmospheric  pressure. 
Temperature  within  the  chassis  will  be 
regulated  by  a  thermally  controlled  lid 
at  the  top  of  the  unit. 

Comm  Circuit — Telstar's  incoming 6390  mc  signal  is  first  mixed  with  a 
quartz  crystal-controlled  beat  oscillator 
frequency  to  produce  an  IF  signal  cen- 

tered at  90  mc  (a  frequency  low  enough 
1  to  be  within  range  of  reliable  tran- 
Isistors).  During  normal  operations,  the 
90  mc  signal  is  then  amplified  about  one 
.million  times  by  14  diff used-based  ger- 
imanium  transistors.  Total  amplification 
is  controlled  by  an  automatic  gain  con- 

trol device  to  insure  constant  output 
^regardless  of  incoming  signal  strength 
.iand  slight  component  decay. 
J      A  second  crystal-controlled  oscil- 
;  lator  frequency  is  then  mixed  with  the 

:90  mc  signal  to  produce  a  frequency 
-,centered  at  4170  mc  for  retransmission 
to  earth  stations.  A  final  amplification 

i|is  accomplished  before  the  signal  is 
J  actually  retransmitted  by  the  single  elec- 

tron tube  installed  in  Telstar. 
0]     Bell  engineers  say  this  foot-long, 
^thin-glass  traveling  wave  tube  "is  the 
inly  device  in  the  world  capable  of 

HUGE  SKELETON  forms  in  construction  of  horn-shaped  antenna  for  Telstar  at  Bell's 
Andover,  Maine,  facility.  A  70-ft.  wheel  will  rotate  to  point  the  antenna. 

amplifying  such  a  broadband  signal 

5000  times." A  tube  very  similar  to  the  one  em- 
ployed aboard  Telstar  has  already  been 

used  operationally  aboard  Nike-Zeus 
test  missiles. 

The  TWT  will  also  amplify  a  40S0 
mc  precision  tracking  beacon  signal 
transmitted  at  about  1/200  watt. 

Telemetry— Telemetry  information 
in  the  form  of  coded  pulses  will  be 
obtained  from  115  different  points 
within  and  around  the  satellite,  includ- 

ing the  communications  equipment,  the 
basic  vehicle,  and  the  radiation  experi- 

ments. Each  measured  item  is  sent  once 
per  minute. 

The  coded  pulses  serve  to  frequency- 
modulate  a  3-kc,  ±225  cps,  frequency. 
The  resulting  signal  is  used  to  ampli- 

tude-modulate the  basic  136-mc  carrier. 
This  method  allows  use  of  the  con- 

stantly radiating  center  frequency  as 
an  additional  radio  beacon  for  tracking 

purposes. The  special  telemetering  transmitter 
radiates  14 -watt  power. 

Command  —  In  order  to  conserve 
power  aboard  experimental  versions  of 
Telstar  for  periods  when  transmission  is 
desirable,  a  command  system  is  installed 
to  provide  on/ off  control  over  the  satel- 

lite's principal  communications  function as  well  as  telemetry  information. 
The  system  includes  a  pair  of  re- 

ceivers to  handle  pulse-coded  120-mc 
commands  from  the  ground,  a  pair  of 
decoders,  a  switch  control  net,  and  nine 
relays.  The  duplication  in  receivers  and 
decoders  is  to  insure  command  func- 

tions in  the  event  either  device  fails. 
Should  the  4170-mc  communications 
frequency  and  the  4080-mc  tracking 
beacon  fail  to  respond  to  command 
control,  the  satellite's  power  supply would  be  drained  within  a  few  hours. 

The  command  and  telemetry  equip- 
ment aboard  Telstar  account  for  a  ma- 
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jor  portion  of  the  vehicle's  weight  and complexity,  using  about  94%  of  the 
semiconductor  devices  employed. 

Radiation  Experiments  —  That  por- 
tion of  the  radiation  package  aimed  at 

measurement  of  electron  energies  and 
densities  in  space  will  be  accomplished 
by  four  special  Bell  silicon-diodes  lo- 

cated at  the  satellite's  skin.  Three 
diodes  will  count  and  measure  proton 
energy,  and  one  will  be  used  for  elec- 

tron measurements  (the  electrical  re- 
sponse of  each  diode  is  directly  propor- 

tional to  the  particle  energy  loss  upon 
striking  or  passing  through  the  diode). 

The  amount  of  shielding  for  each 
diode  varies  according  to  the  measure- 

ment role  assigned.  The  thickest  shield- 
ing is  employed  on  the  diode  which 

measures  proton  energies  above  40 
Mev.  Next  is  the  device  which  measures 
proton  energies  above  25  Mev.  The 
other  proton  device  has  even  less  shield- 

ing and  has  a  varying  bias  to  measure 
protons  in  each  of  five  energy  regions 
between  2  and  25  Mev.  Shielding  is 
also  slight  for  the  fixed-bias  diode, 
which  measures  electron  density  and 
energy  from  14  to  1  Mev. 

The  second  radiation  experiment  to 
measure  actual  damage  to  semiconduc- 

tors, is  performed  by  solar  cells  and 
transistors.  Three  solar  cells,  previously 
undamaged  by  radiation,  will  be  moni- 

tored to  learn  the  decrease  in  their 
short-circuit  current  output  over  a 
period  of  time.  Each  cell  will  have  a 
different  amount  of  shielding. 

Also,  six  silicon-transistors — special- 
ly fabricated  with  a  wide  "base"  region 

to  increase  sensitivity  to  radiation  dam- 
age— will  be  mounted  at  the  satellite 

skin  in  pairs,  each  pair  shielded  by  a 
different  amount.  Their  output  will  be 
monitored  and  compared  over  a  period 
of  time  with  the  output  of  a  seventh 
transistor,  similar  to  the  others  except 
that  it  has  been  preradiated.  « 
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HE  FOURTH  DIMENSION  IN  PROPULSION  DEVELOPMENT 

Whether  the  universe  has  a  "saddle  shape,"  or  any  shape  at  all,  is  a  matter  of  interesting  conjecture.  The 
matter  of  space  travef,  however,  is  the  subject  of  intense  experimentation.  A  nuclear/thermionic/ ionic 
propulsion  system,  currently  being  studied  at  Lockheed  Missiles  &  Space  Company,  might  well 
become  the  power  source  for  space  vehicles. 

Its  design  incorporates  a  nuclear  reactor  only  one  foot  in  diameter,  generating  heat  at  a  temperature  of 

1850 °K.  This  is  transmitted  to  banks  of  thermionic  generators,  converting  the  heat  directly  into 
electrical  energy  for  the  ion  beam  motor  which  uses  cesium  vapor  as  a  fuel.  The  entire  system  is  designed 
without  any  moving  parts,  minimizing  the  possibility  of  failure. 

Lockheed's  investigation  of  propulsion  covers  a  number  of  potential  systems.  They  include:  plasma, 
ionic,  nuclear,  unique  concepts  in  chemical  systems  involving  high-energy  solid  and  liquid  propellents, 
combined  solid-liquid  chemical  systems.  The  fundamentals  of  magnetohydrodynamics,  as  they  might 
eventually  apply  to  propulsion  systems,  are  also  being  examined.  Just  as  thoroughly,  Lockheed  probes 
all  missile  and  space  disciplines  in  depth.  The  extensive  facilities  of  the  research  and  development 
laboratories— together  with  the  opportunity  of  working  with  men  who  are  acknowledged  leaders  in 
their  fields— make  association  with  Lockheed  truly  rewarding  and  satisfying. 

Lockheed  Missiles  and  Space  Company  in  Sunnyvale  and  Palo  Alto,  on  the  beautiful  San  Francisco 
Peninsula,  is  an  exciting  and  challenging  place  to  work.  For  further  information,. write  Research 
and  Development  Staff,  Department  M-24F,  599  North  Mathilda  Avenue,  Sunnyvale,  California. 
An  Equal  Opportunity  Employer. 

I.Ul#AlTi:CLI  MISSILE S  &  SPACE  COMPANY 
A  GROUP  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 

Systems  Manager  for  the  Navy  polaris  fbm  and  the  Air  Force  agena  Satellite  in  the  discoverer  and  midas 
programs.  Other  current  programs  include  saint,  advent  and  such  nasa  projects  as  ogo,  oao,  echo,  and  nimbus. 
SUNNYVALE.  PALO  ALTO.  -VAN  NUYS.  SANTA  CRUZ.  SANTA  MARIA.  CALIFORNIA   .   CAPE  CANAVERAL.  FLORIDA  •  HAWAII 
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SSR  Detectors  Are  Small,  Sensitive 

by  Arthur  H.  Collins 

Los  Angeles — Tiny  nuclear  radi- 
ation detectors  are  providing  answers  to 

some  vital  questions  concerning  space 
radiation. 

The  semiconducting  detectors  also 
may  find  application  in  satellite  systems 
for  detection  of  nuclear  explosions  in 
space  (M/R,  Oct.  23,  1961.  p.  12),  or 
as  monitoring  devices  for  overall  atomic 
research  and  reactor  development. 

Developed  by  Solid  State  Radiation. 
Inc.,  the  devices*  first  satellite  use  was 
for  proton  detection  on  Injun,  launched 
piggyback  with  Transit  IV -A  in  June, 
1961.  They  were  also  used  in  the 
TRAAC  satellite  carried  piggyback  with 
Transit  IV -B  in  November,  1961,  for 
detection  of  neutrons,  protons,  and  par- 

ticles heavier  than  protons. 
Essentially  solid-state  ionization 

chambers  with  multi-microsecond  re- 
sponses, the  devices  are  applicable  to 

the  detection  of  electrons,  protons,  neu- 

trons, alphas,  heavy  ions  and  fission 
fragments.  With  the  proper  selection  of 
coating  materials,  they  may  be  used 
for  detection  of  either  fast  or  slow 
neutrons. 

In  general,  the  semiconductor  detec- 
tors are  smaller,  more  rugged,  faster- 

responding  and  more  sensitive  than 
conventional  detector  systems.  In  con- 

trast, current  methods  of  detection  rely- 
ing upon  gas  ionization  chambers  and 

using  electron  multiplier  tubes  are  large 
and  heavy,  and  require  glass  envelopes 
for  gas  containment.  They  also  need 
high-voltage  power  supplies  that  add 
additional  weight  to  the  payload.  In  this 
type  of  detector  even  the  glass  envelope 
inhibits  some  of  the  particles  that  are 
detected  by  the  solid-state  semiconduc- 

tor detectors.  These  earlier  detectors 
found  use  on  Explorer  VII  and  Ranger 
II,  and  were  aboard  the  Injun  II  satel- 

lite which  failed  to  go  into  orbit. 
Upper  limitations  of  energy  resolu- 

tion of  the  SSR  detector  are  set  by  the 

combination  of  noise  generated  by  the 
detector  and  the  input  amplifier  stage. 
Typically,  this  is  50  kev  for  a  transistor- 
type  amplifier  and  20  kev  for  a  vacuum- 
tube  amplifier.  Since  the  quantity  of 
charge  generated  within  a  semiconduc- 

tor detector  is  10  times  greater  than  that 
generated  within  a  gas  ionization  cham- 

ber, the  resulting  statistics  are  at  least 
three  times  better  for  a  measurement  of energy. 

The  limit  of  linearity  of  pulse  height 
vs.  energy  for  particles  of  different  mass 
is  set  by  the  range  of  the  given  type  of 
particle  in  the  semiconductor  material 
as  compared  to  the  depth  of  the  sensi- 

tive volume. 
Detector  size  at  the  lower  limit  is 

set  by  the  required  area  for  wire  con- 
tact to  the  two  surfaces  of  the  device 

and  the  requirements  for  support  of  the 
device  and  its  leads.  In  this  vein,  SSR 
has  recently  found  practical  application 
for  a  detector  with  dimensions  of  1  cu. 
mm  which  may  be  installed  in  a  hypo- 

dermic needle  for  insertion  in  body 
cavities. 

Neutron  detection  is  readily  accom- 
plished by  coating  the  semiconductor 

detector  with  a  suitable  neutron-to- 
charge  particle-converter  material  such 
as  B10,  U-:ir',  U238,  Np-:';',  Li«  and  Hy- 

drogen. The  neutron-proton  reaction 
within  the  silicon  itself  is  more  than 
adequate  for  fast  neutron  detection. 

Counting  rates  of  nuclear  particles  in 
the  100-mc  range  are  feasible  because 
the  rise  time  of  the  pulse  of  a  nuclear 
semiconductor  radiation  is  typically  in 
the  nanosecond  range. 

•  Few  counts — Because  of  the  small 
volume,  background  counts  due  to  cos- 

mic radiation  and  container  contami- 
nants are  minimal.  Background  counts 

from  within  the  detector  are  essentially 
non-existent,  because  detector  material 
purity  is  the  highest  known — impurities 
are  measured  in  parts  per  billion.  This 
makes  the  nuclear  semiconductor  detec- 

tor particularly  useful  for  low-level 
counting  of  electrons  from  P32,  C14  and others  with  similar  characteristics. 

One-dimensional  arrays  of  the  de- 
tectors can  be  used  to  replace  the  photo- 

graphic plate  now  used  in  the  focal 
plane  of  beta-ray  and  alpha-ray  spec- 

trometers. This  would  eliminate  current 
RESPONSE  of  lithium  ion  drift  detector  to  beta  particles  up  to  1.6  Mev.  Peak  shown 
at  570  Kev  is  due  to  beta  particles  that  go  through  detector  as  minimum  ionizing. 
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requirements  to  recover  the  package, 
since  this  type  of  data  may  be  tele- 

metered to  the  ground.  Also,  the  spec- 
trum as  a  function  of  vehicle  position 

may  be  obtained  and  telemetered  to  the 
ground  for  instant  evaluation. 

The  range  of  particle  energy  where 
pulse  height  is  a  linear  function  may  be 
augmented  by  placing  particle  absorb- 

ers (generally  aluminized  mylar  foil) 
in  front  of  a  detector  array.  This  type 
of  array  has  been  flown  in  the  Transit 
IV-A  and  Transit  IV-B  space  probes  for 
investigations  of  protons  in  the  outer 
Van  Allen  belts. 

Two-dimensional  arrays  have  been 
made  to  increase  detection  area.  Detec- 

tion area  size  is  restricted,  however, 
since  the  capacitance  increases  propor- 

tionately to  the  device's  total  area.  In- 
creasing capacitance  area  reduces  the 

system's  signal-to-noise  ratio.  Arrays  of 
this  type  were  used  on  the  AEC's  Proj- ect Gnome  shot  for  neutron  detection 
and  on  the  TRAAC  satellite  with  Tran- 

sit IV-B. 
A  two-dimensional  array  may  be 

used  to  form  a  beam  profilometer  and 
for  analysis  of  the  distribution  and  in- 

tensity of  particles  as  they  emerge  from 
accelerators.  Systems  now  in  use  at 
universities  and  experimental  labora- 

tories for  beam-profile  investigations  re- 
quire many  months  of  machine  opera- 

tion for  data  evaluation.  The  new  beam 
profilometer  would.  SSR  says,  provide 
the  operator  with  an  instantaneous  pro- 

file of  the  beam  following  each  burst 
of  particles  that  passes  through  the 
array. 

•  3-D  potential  probed  —  Three- 
dimensional  arrays  are  also  under  inves- 

tigation at  SSR.  There  probably  would 
be  many  applications.  The  outputs 
could  go  directly  to  a  computer  for 
evaluation — eliminating  the  necessity  of 
reading  photographic  plates  presently 
used  in  such  an  application.  Detector 
coordinates,  triggered  by  passage  of  a 
high-energy  nuclear  particle,  plus  the 
pulse  height  from  each  detector,  can  be 
fed  into  a  computer  immediately.  The 
computer  will  instantaneously  compute 
the  total  energy  and  identify  the  particle. 

In  an  alternate  method  now  being 
investigated,  the  detector  array  can  be 
replaced  by  a  continuous  slab  of  semi- 

conductor material.  Photo-resist  tech- 
niques, similar  to  those  used  in  photo- 

etched  circuit  cards,  are  employed  for 
this  detector  fabrication.  An  array  of 
this  type  would  greatly  reduce  the  num- 

ber of  amplifiers  and  power  supplies  re- 
quired for  operation  of  the  discrete 

system. 
The  detector  amplifier  can  be  minia- 

turized to  approximate  the  cross-sec- 
tional area  of  the  semiconductor  detec- 

tor. When  the  cross-sectional  areas  of 
the  detector  and  amplifier  are  the  same. 

,000 

GHT 

100 

: 
 he

i 

10 
/  ALPHAS 

PULSf 

1.0 
/  PROTONS Nv 

IVE 
< ELECTRONS 

0.1 

cc 

.01 
i 

.01 

0.1 
1.0           (0           100  1000 FWRTICLE ENERGY   in  MEV 

RANGE  of  linearity  of  pulse  height  vs. 
energy  for  various  nuclear  particles. 

the  units  may  be  stacked  to  obtain  larger 
area  coverage. 

A  deeper  depletion  region  is  re- 
quired to  detect  beta  particles,  gamma 

rays,  higher-energy  protons  and  alpha 
particles,  and  to  obtain  a  more  ade- 

quate signal-to-noise  ratio  for  minimum 
ionizing  particles.  This  may  be  achieved 
by  an  increase  in  resistivity  of  the  sili- 

con used  within  the  detector,  or  an 
increase  in  the  operating  voltage.  High- 
resistivity  silicon  is  difficult  to  obtain 
because  of  the  purification  of  the  silicon 
during  manufacturing.  An  increase  in 
operating  voltage  is  difficult  due  to  sur- 

face and  bulk  breakdowns.  In  lieu  of 
obtaining  intrinsic  silicon  by  greater  care 
in  the  manufacturing  process,  it  is  pos- 

sible to  create  effective  resistivity  by 
suitable  dopant  compensation. 

This  compensation  is  accomplished 
when  lithium  ions  are  "drifted"  into 
regions  of  P-type  centers.  Thus,  if  a 
N-P  junction  in  silicon  is  formed  and 
placed  under  reverse  bias  at  an  elevated 
temperature,  the  lithium  ions  will  drift 
into  the  bulk  of  the  P-type  silicon,  ex- 

tensively compensating  it.  This  results  in 
a  depletion  volume  that  may  be  meas- 

ured in  millimeters  instead  of  microns. 
The  response  of  such  a  lithium  ion 

drift  detector  to  beta  particles  is  ex- 
cellent. The  device  has  a  fairly  good 

gamma-ray  response  but  as  yet  is  not 
adequate  for  gamma-ray  spectroscopv. 
SSR  had  designed  and  is  now  testing  an 
instrument  using  lithium  ion  drift  de- 

tectors to  monitor  fast  neutron  bursts 
from  low-level  neutron  generators. 

X-ray  sensing  detectors  could  be 
used  on  satellites  for  detecting  nuclear 
explosions  (M/R,  Oct.  23,  p.  12). 

SSR  president  Dr.  S.  S.  Friedland 
says:  'The  future  of  nuclear  semicon- 

ductors lies  in  using  higher-impedance 
materials  for  better  response  and  in  ma- 

terials that  allow  operation  at  extreme 
temperatures.  For  each  materia],  a 
mechanism  equivalent  to  compensation 

of  lithium  in  silicon  must  be  sought." Transistor  production  techniques  can 
be  applied  to  detector  fabrication,  and 
SSR  anticipates  that  within  a  year  detec- 

tors will  have  a  reliability  comparable 

to  that  of  transistors.  ~ 

ACTUAL  PHOTOGRAPH  of  beta-ray  spectrometer.  A  valve  system  was  installed  to 
keep  the  detectors  under  vacuum  during  the  pre-launch  period.  Device  utilizes  a  perma- 

nent magnet  and  a  ten-element  array  of  detectors  in  its  focal  plane  for  transmission  of 
data  and  for  dynamic  measurements. 
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ENTIRE  TIROS  system  is  shown  as  Tiros  IV  gets  final  tests 
at  RCA- Astro-Electronics.  Ground  equipment  is  in  rear  racks. 

EARLY  PHOTO  from  Tiros  IV  shows  ice-free  areas  of  Lake 
Michigan  (bottom  left  corner)  and  Lake  Superior. 

space  systems 

NASA  Plans  Early  Start  on  Aeros 

NASA — gratified  with  the  success 
of  the  Tiros  series — is  ready  to  begin 
development  of  its  most  sophisticated 
counterpart,  the  Aeros  meteorological 
satellite. 

Dr.  William  K.  Widger,  Jr.,  of  the 

space  agency's  weather  satellite  office, 
said  that  ".  .  .  architectural  and  design 
studies  of  Aeros  will  begin  in  the  near 

future." 
He  added  that  funds  for  the  pro- 

gram are  included  in  NASA's  Fiscal 
1963  budget  request.  Actual  fabrication 
of  the  satellite  system,  however,  will 
not  begin  until  the  following  year. 

While  no  final  decision  has  been 
made,  the  Goddard  Space  Flight  Center 
probably  will  be  the  prime  contractor 
for  the  22,000-mile-high  synchronous- 
orbit  satellite  system.  Industrial  con- 

tractors will  be  selected  to  build  almost 
all  of  its  components. 

•  Excellent  quality — The  early  start 
on  Aeros  was  disclosed  shortly  after  the 
Tiros  IV  satellite,  built  by  RCA,  was 
successfully  rocketed  into  orbit  Feb.  8 
atop  a  Thor-Delta  booster  launched 
from  Cape  Canaveral. 

The  Weather  Bureau  reported  that 
the  picture-taking  satellite,  in  its  first 
24  hours  aloft,  had  taken  "striking  pic- 

tures of  excellent  quality,  of  cloud 
cover,  and  of  snow  and  ice  distribution." 

The  satellite  is  circling  the  earth 
once  every  100.39  minutes  with  an  orbit 
inclined  48.29  degrees  from  the  equa- 

tor. Its  distance  from  the  earth  ranges 
between  441  and  525  miles.  Average 

velocity  is  17,000  miles  an  hour. 
A  new  lens  is  the  biggest  innovation 

in  Tiros  IV,  compared  to  the  three 
earlier  satellites  in  the  series. 

One  of  the  two  TV  cameras  is  fitted 
with  a  new,  medium-angle  Tegea  Kin- 
optic  lens,  designed  to  take  photographs 
with  less  distortion  and  covering  an 
area  of  450  miles  on  a  side.  Distortion 
is  being  corrected  by  meteorologists  as 
they  interpret  the  photographs.  The  re- 

moval of  lens  distortion,  however,  may 
allow  the  meteorologists  to  evaluate  the 
pictures  more  rapidly.  The  second  cam- 

era is  equipped  with  a  wide-angle  lens, 
covering  an  area  approximately  700 
miles  on  a  side. 

•  Three  steps — Tiros  and  Aeros 
are  actually  the  "end-men"  of  what NASA  hopes  will  someday  become  an 
operational  weather  satellite  system;  in 
between  is  the  Nimbus  satellite. 

The  first  launch  of  this  more  ad- 
vanced system  will  follow  three  more 

Tiros  orbitings  spaced  through  the  re- 
mainder of  1962. 

Although  scheduled  for  late  this 
year,  the  first  Nimbus  launch  will  prob- 

ably not  take  place  until  1963.  Nimbus 
will  be  placed  in  a  polar  orbit  and  will 
be  oriented  so  that  its  cameras  are  al- 

ways pointing  toward  the  earth. 
Goddard  is  the  prime  contractor  for 

the  system.  Its  research  and  develop- 
ment program  calls  for  four  launches. 

NASA  officials  expect,  however,  that 
several  launches  per  year  will  follow  on 
a  continuing  basis. 

Following  Nimbus  —  and  perhaps 
even  complementing  it  as  part  of  a 
global  weather  reporting  system — will come  Aeros. 

Although  NASA  is  ready  to  begin 
development,  the  first  launch  in  its 
R&D  program  is  several  years  away. 

Aeros  will  circle  the  equator  at  a 
distance  of  about  22,000  miles.  In  such 
an  orbit,  it  will  travel  at  the  same 
speed  that  the  earth  rotates,  so  that  it 
will  seem  to  remain  in  a  fixed  position 
over  a  point  on  earth. 

Looking  even  further  ahead,  NASA 
officials  feel  that  ultimately  a  different 
type  of  spacecraft  will  be  needed  to 
maximize  the  system's  usefulness. 

•  Ice  spotter — For  the  present 
however,  NASA  and  Weather  Bureau 
officials  are  extremely  pleased  with  the 
performance  of  Tiros  IV. 

They  said  that  its  success  raised 
hopes  that  it  may  fulfill  a  new  role — 
ice  reconnaissance  to  aid  navigation  on 
waterways  like  the  Great  Lakes  and  the 
Gulf  of  St.  Lawrence. 

To  decide  the  issue,  a  joint  U.S.- 
Canadiun  scientific  project  has  been  set 
up.  Shortly  after  the  satellite  blasted 
off  from  Cape  Canaveral.  13  aircraft 
from  both  countries  roared  aloft  to  take 
photographs  of  ice  distribution  in  the 
Gulf  of  St.  Lawrence  and  is  environs. 

The  plan  is  to  compare  the  airplane 
photos  with  those  taken  by  the  tele- 

vision cameras  of  Tiros  IV  in  the  same 
areas  and  study  the  feasibility  of  using 
satellite  photographs  to  map  ice  areas.  8 
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E-200  HIGH  TEMPERATURE  CAPACITORS 

Operable  to  +200°C. 

The  Bendix®  E-200  series  of  lightweight,  small 
size  capacitors  is  designed  for  installations  re- 

quiring a  high  degree  of  component  reliability 

at  operating  temperatures  as  high  as  200  °C. 
High  temperature  capability  and  mica-like 

electrical  characteristics  enable  the  E-200  series 
to  withstand  extremely  high  orders  of  AC  in 
small  envelope  size  at  all  ambients  under  200°  C. 

The  new  series  is  designed  and  manufactured 
For  full  details,  write  Scintill 

to  a  Bendix  specification  which  is  patterned 
after  the  high  reliability  specification  MIL-C- 
14157B,  proposed. 

Hermetically  sealed  in  tubular  or  rectangular 
housings,  these  capacitors  offer  superior  resist- 

ance to  mechanical  and  climatic  environments. 

E-200   CHARACTERISTICS:   •  Wound   mica   papers  • 
Solid  impregnants  •  Exceptional  stability  •  High  insulation 
resistance  •  Radiation  resistance  •  Outstanding  dependability 
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PROGRESS 

ISA 

HABIT 

X-15 
NIKE-ZEUS  PERSHING 

Repeatedly  successful  in  flight... giant  strides  in 

With  frequency  and  regularity  bordering  on  the  monoto- 
nous, propulsion  systems  from  Thiokol  powering  these 

major  U.S.  missiles  have  been  meeting  objectives  in  flight 
tests . . .  current  and  past.  ■  Since  March  of  1959,  the 
XLR-99— most  powerful  man-rated  rocket  engine  in  the 
world— has  been  carrying  man  to  heights  and  speeds  never 
before  attained  by  piloted  aircraft.  Each  excursion  into 
the  near  reaches  of  space  has  added  another  notch  to  the 

progress  of  manned  flight,  and  knowledge  for  future  appli- 
cation. Its  latest  triumph :  exceeding  the  4000  mph  design. 

■  Hurled  into  space  by  the  most  powerful  solid  rocket 
engine  of  known  flight  record  —  450,000  lbs  thrust  — 

Nike-Zeus  shows  rapidly  increasing  promise  as  America's 
anti-missile  missile.  The  first  stage  propulsion  system  was 
developed  and  is  built  by  Thiokol  who  is  now  also  pro- 

ducing the  new  high  energy  Zeus  second  and  third  stage. 

CHEMICAL  CORPORATION 
BRISTOL,  PENNSYLVANIA 

Rocket  Operations  Center:  Ogden,  Utah  •  An  Equal  Opportunity  Employer 
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space  systems 

MINUTEMAN 

the  race  for  space 

Thiokol's  production  maturity  has 
given  the  military  highly  reliable 
Pershing  and  Minuteman— at  budget- 
paring  low  cost.  Minuteman  boasts 
the  largest  single  solid  rocket  motor 
ever  flown.  Recent  performance  ranks 

Pershing  as  the  Army's  most  signifi- 
cant solid-fueled  artillery  weapon. 

FIRST  IN 

ROCKET  PROPULSION 
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Documentation  Error 

Lost  Ranger  III  Photos 

Longstanding  mistake  in  system  design  left  spacecraft  and 

operators  talking  different  'language'  about  new  maneuver 

by  Bill  Wilks 
Pasadena,  Calif.— The  Ranger  III 

flight  disclosed  an  elementary  documen- 
tation error  which  resulted  in  the  space- 

craft receiving  "reverse"  orders  for  its midcourse  maneuver. 

.  "Ranger  HI  performed  its  mid- 
course  maneuvers  perfectly,  but  just  in 
the  reverse  directions  because  of  a 
documentation  error  which  had  existed 

ever  since  the  system  was  designed," 
Jet  Propulsion  Laboratory's  Project  Di- rector James  Burke  told  Missiles  and 

Rockets.  "There  was  a  sign  reversal  be- 
tween the  maneuver  computing  program 

and  the  spacecraft  mechanization.  The 
spacecraft  spoke  a  language  in  which 
zero  was  positive  and  one  was  negative. 
The  other  part  of  the  system,  the  ma- 

neuver computing  program,  had  just 
the  reverse  information.  In  other  words 
the  vehicle  operated  in  one  system  of 
coordinates  and  the  human  operators 

in  another." Intention  of  the  midcourse  maneu- 
ver at  that  point — since  it  was  known 

Ranger  III  was  going  to  miss  the  moon 

— was  to  adjust  the  vehicle's  transit  time so  it  would  move  farther  from  the 
moon  and  thereby  optimize  the  Gold- 
stone  Tracking  Station's  viewing  condi- 

tions during  the  picture-taking  phase  of 
the  mission.  This  would  have  placed 
it  about  25,000  miles  from  the  moon. 
To  accomplish  this,  Ranger  III  was 
rolled  10  degrees  about  its  longitudinal 
axis  and  then  pitched  1 1 6  degrees  away 
from  the  sun. 

•  Contrariwise  —  "It  performed 
these  maneuvers  just  as  instructed." 
Burke  said,  "but  the  reverse  instructions 
made  it  roll  and  pitch  in  just  the  oppo- 

site directions."  Result  was  that  the  mid- 
course  rocket  motor  fired  in  the  wrong 
direction,  moving  Ranger  III  closer 
to  the  moon  so  that  it  passed  at  a 
distance  of  22,862  miles.  This  meant 
the  spacecraft  passed  the  moon  late  in 
the  Goldstone  Tracking  Station's  view- 

ing time,  although  it  remained  above 
the  Goldstone  horizon  as  well  as  that  of 
the  Woomera  Tracking  Station. 

Earlier  in  the  mission  it  was  known 
that  the  200-ft.-per-second  excess  speed 
caused  by  a  component  malfunction  in 
the  Atlas  booster  would  cause  Ranger 
HI  to  pass  ahead  of  the  moon  and  enter 
a  heliocentric  orbit.  However,  it  was 
decided  to  see  what  lunar  pictures  could 
be  obtained  anyway. 

At  this  point  an  apparent  electronic 
malfunction  aboard  the  spacecraft 
spoiled  the  terminal  phase  of  the  mis- 

sion. The  error  in  sign  convention  had 
been  corrected,  and  the  vehicle  followed 
orders,  accomplishing  its  first  pitch  turn. 

"But  then  we  saw  an  extraneous 

blip  on  the  readout,"  Burke  said.  "The vehicle  began  another  unexpected,  pitch 
turn,  apparently  because  of  a  signal  re- 

ceiver from  the  central  computer  and 
sequencer  aboard  the  craft.  The  earth- 
sensor  lost  its  earth-lock,  and  ordered 
the  craft  to  go  into  another  roll  search. 
During  lunar  flyby,  the  craft  had  not 
been  reoriented  and  the  pictures  we 

received  were  all  'snow'." •  Positive  side  —  Overall,  Burke 
rates  as  one  of  the  most  significant 
achievements  the  successful  operation  of 
the  earth-oriented,  high-gain  antenna. 
This  was  a  "first"  with  Ranger  III,  since 
the  earlier  Rangers  remained  near  the 
earth,  "the  results  being  that  the  earth 
presented  too  large  a  target  for  the 
antenna  earth-sensor  to  "spot"  and  lock onto. 

"People  have  asked  whether  I  con- 
sidered Ranger  HI  a  success,"  Burke 

added.  "I  say,  look  at  it  this  way.  Would 
you  rather  that  we  had  the  flight  with 
these  results,  or  that  we  still  were  ex- 

pecting it?" 
Among  objectives  Ranger  HI  met, 

JPL  listed  spacecraft  environment  con- 
trol, power,  attitude  control,  communi- 

cations, trajectory  error  correction,  in- 
strumentation techniques,  data  handling, 

understanding  of  systems  interactions.  8 
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testing 

Hyge  Shock  Tester  Highly  Versatile 

Recently  developed  units  are  widely  used  to 

test  everything  in  a  spacecraft — including  man 

by  William  D.  Stewart 
Application  Engineer 

Consolidated  Vacuum  Corp. 

DYNAMIC  TESTING  —  long  a 
prisoner  of  inaccurate  measuring  tech- 

niques— has  found  wide  application 
in  the  missile/ space  industry,  thanks 
largely  to  advances  in  accelerometer 
design  and  development. 

The  unbonded  strain  gage,  piezo- 
electric crystal  and  other  monitoring 

devices  have  made  it  possible  to  pre- 
scribe accurate  and  reproducible  shock 

environments  for  dynamic  testing  of 
components  ranging  from  large  solid 

HYDRAULIC  PNEUMATIC 
SHOCK  STRUT 

rocket  motors  to  sensitive  electronic 
components.  Recently,  in  fact,  the 
techniques  have  been  applied  to  bio- 

medical experiments  to  measure  the 
shock  tolerance  of  animals. 

•  Methods  available — In  the  field 
of  shock-testing  equipment  alone,  there 
are  a  number  of  gravity  accelerated  de- 

vices or  drop  testers — as  well  as  pneu- 
matically-operated testers  such  as  the  air 

cannon,  chock  tube  and  Hyge  Shock 
Tester. 

HYGE 
SHOCK  TESTER 

DEVELOPMENT  OF  HYGE  UNIT  stems  from  work  with  Hydraulic  Pneumatic  Shock 
Strut.  Similarity  of  the  two  systems  is  illustrated  above.  Basic  difference  is  that  the 
shock  strut  is  a  deceleration  device,  Hyge  tester  an  acceleration  system. 

Hyge  Shock  Tester  Performance  Levels  on  6  m.s., 
'/2-S/ne  Shock  Pulses 

HYGE  SIZE THRUST  NET MASS  RANGE VELOCITY  CHANGE GS EFFICIENCY 
3  in. 7500  lb.-f. 5-10  lbs. 206  in./ sec. 730 

68% 

6  in. 33600  lb.-f. 510  lbs. 738  in. /sec. 475 

72% 

12  in. 87500  lb.-f. 10-20  lbs. 1290  in./ sec. 
875 

30% 

However,  successful  operation  of  all 
of  these  shock-producing  devices  de- 

pends largely  upon  the  correct  acceler- 
ometer selection  and  application.  For 

example,  with  well-chosen  accelerom- 
eters,  shock  environments  of  3000  g,  of 
0.2  millisecond  with  a  V4-sine  pulse 
can  be  produced  on  a  drop  tester.  The 
air  cannon  and  Hyge  tester  can  typi- 

cally achieve  dynamic  conditions  of 
2800  g  for  14  milliseconds  with  a  Vi- 
sine  pulse  and  8  g  for  120  millisecond, 
Vi-sine  pulse,  respectively. 

Paradoxically,  the  need  for  accurate 
shock-producing  equipment  for  dynamic 
testing  existed  long  before  methods  for 
accurately  measuring  shock  pulses. 
Early  shock  tests,  consequently,  were 
specified  not  by  a  shock  spectrum  or 
shock  waveform,  but  by  definition  of 
a  shock-producing  device. 

Conditions  for  the  impact  surface 
and  the  drop  height  were  spelled  out 
for  equipment  depending  solely  on 
gravity  for  acceleration  or,  in  the  case 
of  pneumatically-operated  equipment, 
by  breech  pressure  or  firing  pressure. 

This  meant  that  the  criteria  for  a 
satisfactory  test  depended  on  the  ex- 

perience and  techniques  of  the  test  con- 
ductor, the  acceptable  level  of  damage 

to  a  specimen  as  the  result  of  the  test, 
and  the  conditions  believed  to  exist  in 
the  field. 

The  most  obvious  shortcoming  of 
this  approach  was  the  difficulty  in  re- 

producing in  Seattle  in  February  the 
results  of  a  test  run  in  Philadelphia  in 
December.  And,  with  today's  emphasis 
on  reliability  and  the  maximum  defense 
for  the  least  dollars,  shock  testing  of 
this  type  has  no  place  in  dynamic  test 

programs. •  Newest  test  technique — The  most 
recent  type  of  shock-testing  device  is 
the  Hyge  concept,  which  was  developed 
because  of  the  need  to  reproduce  in  the 
laboratory  the  first  few  milliseconds  of 
the  boost-phase  shock  pattern.  Analy- 

sis of  flight  records  of  several  missiles 
showed  that  a  critical  requirement  ex- 

isted for  a  40-g  modified  square  wave- 
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form  with  a  rise  time  of  10  to  30  milli- 
seconds and  a  dwell  time  of  30  milli- 

seconds. 

To  simulate  this  relatively  high-en- 
ergy-level condition,  a  65-ft.  drop  tower 

was  used  in  conjunction  with  a  hy- 
draulic pneumatic  shock  strut.  The 

shock  strut  in  its  many  modifications 
and  configurations  has  been  used  for 
many  years  as  a  method  of  producing 
controlled  decelerations  in  aircraft  land- 

ing gear,  gun  recoil  mechanisms  and 
many  other  systems. 

The  first  recorded  work  done  with 
this  type  of  mechanism,  as  applied  to 
shock  testing  as  we  know  it  today,  was 
outlined  in  a  paper  entitled  "Develop- 

ment and  Operation  of  Shock  Towers 
for  Missiles  and  Missile  Components" 
written  by  Jack  Ottestad  in  April,  1955. 

It  was  during  work  and  experimen- 
tation with  this  device  that  the  Hyge 

Shock  Tester  emerged.  As  shown  in 
the  sketch,  the  two  devices  are  strik- 

ingly similar.  The  basic  difference,  of 
course,  is  that  the  Hyge  Shock  Tester  is 
an  acceleration  device  and  the  hydrau- 

lic pneumatic  shock  strut  a  deceleration 
device. 

•  How  Hyge  operates — Essentially 
a  high-pressure,  pneumatic-hydraulic 
device,  the  Hyge  Shock  Tester  has 
thrust  or  force  produced  by  suddenly 
exposing  the  lower  side  of  the  thrust 
piston  to  high-pressure  gas.  It  is  de- 

signed to  the  rigid  specifications  out- 
lined in  the  ASTM  code  governing  the 

construction  of  unfired  pressure  vessels. 
The  Hyge  Shock  Tester  is  a  two- 

chamber  system  with  a  piston  and  thrust 
column  in  the  top  chamber.  A  set  pres- 

sure is  introduced  into  this  chamber, 
forcing  the  thrust  piston  down  on  an 
orifice  plate  sealing  around  the  periph- 

ery of  the  orifice. 
The  load  pressure,  introduced  into 

the  lower  chamber,  exerts  itself  only 
against  the  small  sealed  area  on  the  bot- 

tom of  the  piston.  As  the  load  pressure 
is  increased,  the  pressure/ area  system  in 
the  lower  chamber  begins  to  balance 
that  in  the  upper  chamber  until  finally 
the  two  become  equal. 

As  the  load  pressure  is  then  in- 
creased, an  unbalanced  force  situation 

is  created.  The  force  pushing  up  on  the 
piston  overcomes  the  force  pushing 
down,  the  piston  raises  slightly  and  the 
seal  at  the  bottom  is  suddenly  released — 
exposing  the  entire  lower  face  of  the 
piston  to  the  high-pressure  gas  and  pro- 

ducing the  initial  thrust. 
With  the  movement  of  the  piston 

and  its  displacement  from  the  orifice, 
the  thrust  begins  to  decay  in  an  isen- 
tropic  expansion.  The  rate  of  thrust  de- 

cay depends  on  two  factors — the  vol- 
ume of  the  two  chambers  and  the  firing 

ratio.   Since  the  bore  and  firing  ratio 
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Poly-Scientific... 

First  In  High  Density 

Slip  Ring  Packaging 

By  Robert  H.  Miller 
Vice  President 

Research  and  Development  Division 

In  inertial  measurement  units,  as  in  most  air  or 

missile  borne  equipment,  space  and  weight  are 

vitally  important  factors.  As  over-all  volume  is 
reduced,  the  size  limitations  on  components 

become  more  severe.  Micro-miniaturized  slip 

ring  capsules  pioneered  by  Poly-Scientific,  the 
use  of  which  is  growing  steadily,  permit  great 

space  saving  by  placing  the  slip  ring  under  the 
gimbal  bearings,  thus  utilizing  formerly 
wasted  space. 

The  large  number  of  circuits  in  multi-gimballed 

applications  require  extremely  dense  axial  spac- 
ing of  slip  rings.  Advanced  techniques  permit 

Poly-Scientific  to  manufacture  by  time-tested  and 
proven  methods  slip  ring  capsules  with  ring 

spacing  of  .015"  pitch.  This  size  reduction  is 
being  made  without  sacrificing  high  dielectric 
strength,  current  ratings,  reliability  or  long 
trouble-free  life. 
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BRISTOL  HIGH-SPEED  RELAYS 

■  fast  ■  accurate  ■  reliable 

Bristol  Syncroverter*  high-speed  relays  are  used  in  the  finest  and  most  accu- 
rate multiplex  systems  and  analog  computers. 

Their  fast,  accurate,  uniformly  consistent  transfer  characteristics  help  cut 
system  errors  and  build  system  reliability. 
Nearly  100  different  models  available  to  meet  the  stringent  demands  of  di- 

verse applications.  Write  for  detailed  specifications.  AC  CO 
The  Bristol  Company,  Aircraft  Equipment  Division,  173  Bristol  Road, 
Waterbury  20,  Conn. 
A  Subsidiary  of  American  Chain  &  Cable  Company,  Inc.     i  20 

BRISTOL 

*T.M.  Reg.  U.S.  Pat.  Off. 

engineers  for  precision,  builds  for  reliability 

of  any  given  Hyge  unit  are  fixed,  the 
obvious  way  to  expand  the  energy  en- 

velope is  to  increase  the  length  of  the 
upper  and  lower  chambers. 

However,  as  the  piston  moves  down 
the  cylinder,  thrust  losses  occur  from 
friction  and  throttling  at  the  accelera- 

tion orifice.  The  total  losses  become 
more  and  more  a  factor  with  increasing 
velocity  change.  In  fact,  the  degree  to 
which  they  determine  the  performance 
levels  and  efficiency  is  shown  in  the  ac- 

companying chart. 
•  Waveform  also  reproducible — 

Thrust,  however,  is  not  the  only  re- 
quirement in  dynamic  testing.  A  shock 

spectrum  or  shock  waveform — defined 
in  some  way  by  wave  form,  level  and 
time — is  specified  and  the  shock  ma- 

chine must  produce  this  pulse. 
By  securing  a  metering  pin  to  the 

bottom  of  the  thrust  piston  and  pro- 
viding a  specific  contour  on  this  meter- 

ing pin,  the  thrust-time  occurrence  can 
be  programed  so  that  as  the  metering 
pin  is  displaced  from  the  orifice  specific 
shock  waveforms  can  be  produced. 

By  means  of  correct  metering  pin 
design,  the  thrust  in  any  given  energy 
envelope  can  be  controlled  by  throttling 
the  gas  flowing  through  the  orifice.  The 
degree  of  control  the  metering  pin  pro- 

vides can  vary  to  a  greater  or  lesser 
degree,  and  is  thereby  exploited  so  that 
the  net  result  is  the  desired  shock  pulse. 

When  the  metering  pin  forms  a  min- 
imum of  obstruction  in  the  orifice, 

thrust  build-up  is  rapid  and  the  rise  is 
linear  and  of  the  shortest  duration.  The 
decay  portion  also  follows  the  energy 
envelope.  The  Va  -cosine  pulse  so  de- 

fined is  the  most  efficient  utilization  of 

energy  and  is,  therefore,  used  to  pro- vide a  maximum  velocity  change. 
On  both  sawtooth  and  square  waves 

it  is  often  necessary  to  have  an  abrupt 
decay  of  one  millisecond  or  less.  To 
accomplish  this  a  deceleration  orifice 
is  provided  in  the  set  pressure  chamber 
to  quickly  withdraw  thrust.  By  securing 
a  deceleration  metering  pin  immersed 
in  hydraulic  fluid  to  the  top  of  the  thrust 
piston,  the  escape  path  for  the  hydrau- 

lic fluid  can  be  plugged;  this,  in  turn, 

decelerates  the  Hyge  Shock  Tester's  in- 
ternal components.  The  thrust  is  rap- 

idly withdrawn  and  the  required  accel- 
eration decay  produced. 

In  order  to  avoid  excessive  deceler- 
ation— caused  by  the  inertia  of  the  pis- 

ton and  thrust  column  being  carried  be- 
yond the  zero-thrust  displacement  and 

pressure  buildup  in  the  top  chamber — 
an  auxiliary  deceleration  system  is  used. 
This  involves  rails  and  a  carriage 
equipped  with  a  pneumatic  braking 

system. This  allows  the  carriage  and  speci- 
men to  separate  from  the  thrust  column 

and  piston  so  that  the  latter  sees  a 
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HUGE  shock  tester  makes  possible  pre- 
launch  dynamic  tests  of  missile/space  ve- 

hicle components — man  included.  Above 
are  three  Hyge  units — 12-in.  tester  (fore- 

ground) and  3-in.  and  6-in.  versions  in  the 
unique  facilities  laboratory  of  Consolidated 
Vacuum  Corporation. 

severe  deceleration  while  the  carriage 
and  specimen,  divorced  from  these 
components,  experience  a  mild,  low- 
level  square  wave  of  deceleration  as 
they  travel  up  the  rails. 

•  Wide  application  —  Since  the 
Hyge  Shock  Tester  can  dynamically 
test  everything  in  a  missile  or  space- 

craft— including  the  man — the  system 
has  been  used  widely. 

At  present  the  tester  is  utilized  in 
dynamic  test  programs  to  qualify  such 
things  as: 

—Acceleration  switches  and  fuses 
—Full-scale  missile  cases  and  nose 

cones 
—Missile  transportation  equipment 
— Solid-propellant  igniters  and  grain 

configurations 
This  list  is,  of  course,  not  definitive. 

However,  it  does  illustrate  the  versatility 
and  almost  universal  applicability  of  the 
Hyge  Shock  Tester. 

Another  very  broad  new  field  is  that 
of  acceleration  tolerance  determination 
on  animals.  A  6-in.  Hyge  unit  at  Hollo- 
man  Air  Force  Base,  for  example,  pro- 

duces sawtooth  and  square  shock  wave- 
form to  150  g  on  specimens  weighing 

50-100  lbs.  A  12-in.  Hyge  unit— pro- 
ducing thrust  equal  to  two-thirds  that  of 

the  Atlas  missile — could  be  used  to  test 
humans  through  a  wide  range  of  accel- 

eration levels. 
This  will  make  it  possible  to  investi- 

gate the  shock  spectrum  which  man 
can  tolerate.  Xt 

AiResearch  Needs  Engineers  for 

SPACE 

ENVIRONMENTAL 

CONTROL 

SYSTEMS 

AiResearch  immediately  needs  preliminary  design,  creative 

board-type  designers  and  hardware  development  engineers  at 
all  levels,  with  backgrounds  in  the  following  disciplines: 

Thermodynamics 

Fluid  Mechanics 

Heat  Transfer 

Controls 

Stress  and  Vibration 

Systems  Engineering 

Cryogenics 

Test  Engineers 

Here  is  an  opportunity  to  participate  in  a  major  expansion  of 

a  company  which  pioneered  the  space  environmental  field. 

Specific  experience  in  space  environmental  controls  is  desirable 

but  not  necessary.  Education  requirements  are  B.  S.  and  up. 

Garrett  is  an  "equal  opportunity"  employer. 

For  interview  arrangements,  please  send  complete 
resume  to  Mr.  Tom  Watson 

AIRESEARCH  MANUFACTURING  DIVISION 

9851  So.  Sepulveda  Blvd.,  Los  Angeles  45,  California 
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Text  from  White  House 

'Conflict'  Uncertainties  Resolved 

(Text  of  President  Kennedy's  memo- randum to  all  departments  and  agencies 
on  the  "conflict  of  interest"  problems  of 
advisers  and  consultants.  See  "New  Code 
for  Consultants,"  on  opposite  page. 

The  President  today  issued  a  memoran- 
dum to  the  heads  of  all  executive  depart- 

ments and  agencies,  directing  them  to  take 
administrative  steps  to  assure  compliance 
with  existing  statutes,  rules  and  regulations 
governing  conflicts  of  interest  problems  of 
advisers  and  consultants  who  serve  in  an 
intermittent  or  temporary  capacity.  This 
memorandum  is  of  particular  significance 
to  those  engaged  in  advising  or  consulting 
in  research  and  development  on  a  part-time 
basis.  Hundreds  of  outstanding  scientists 
and  engineers  who  are  regularly  employed 
in  industrial  organizations,  universities  or 
research  firms  are  consulted  by  the  Gov- 

ernment in  an  effort  to  bring  their  talents 
to  bear  upon  the  complex  and  intricate 
problems  involved  in  Government  research 
and  development.  This  has  given  rise  to 
questions  concerning  inter-relations  be- 

tween a  consultant's  services  to  the  Gov- 
ernment and  private  interests  of  his  own 

or  of  his  regular  employer.  The  conflict- 
of-interest  statutes  antedate  the  widespread 
use  of  part-time  consultants  and  advisers 
by  the  Government  and  have  therefore 
proved  inconsistent  in  some  instances  and 
confusing  in  others. 

Legislation  designed  to  amend  these 
statutes  is  pending  in  the  Congress.  In  the 
meantime,  it  has  become  necessary  to 
resolve  the  uncertainties  of  the  existing 
statutes  and  to  reassure  those  who  are  ap- 

prehensive that  innocent  conduct  may  be 
deemed  wrongful.  The  memorandum  es- 

tablishes general  standards  of  conduct. 

Nuclear  Power  Dispute 

(Continued  from  page  13) 

to  be  produced  at  7.9  pounds  of  un- 
shielded system  weight  per  electrical 

kilowatt. 
(Only  a  little  more  than  $1  million 

has  been  put  into  the  program  so  far, 
considered  only  a  token  amount  for  a 
program  of  SPUR's  magnitude.) 

Aerojet-General  Nucleonics  (AGN) 
is  responsible  for  developing  the  reactor 
and  reactor-loop  components;  and 
Westinghouse  Electric,  the  generator 
and  electrical  components.  Battelle 
Memorial  Institute  is,  on  a  limited  basis, 

Pertinent  Code  Sections 

Included  in  the  regulations  provided  by 
the  memorandum  are  the  following: 

1.  Section  281  of  Title  18  of  the 
United  States  Code  in  general  precludes  a 
Member  of  Congress,  a  department  head 
or  other  "officer  or  employee"  of  the  Gov- ernment from  representing  other  persons 
before  the  Government  departments  and 
agencies  for  compensation.  This  statute, 
first  enacted  in  1864,  sought  to  prevent  the 
exercise  of  undue  influence  by  members 
of  Congress  and  persons  regularly  em- 

ployed by  the  Government.  The  President 
has  received  an  opinion  from  the  Attorney 
General  which  concludes  that  the  statute 
applies  to  all  intermittent  employees  on 
those  days  on  which  they  are  actually 
employed  by  the  Government.  It  also  ap- 

plies during  the  entire  period  of  their 
availability  for  Government  service  to  in- 

termittent employees  whose  actual  employ- 
ment by  the  Government  comprises  a 

substantial  portion  of  their  time.  A  con- 
sultant or  adviser  who  spends  40  per  cent 

or  more  of  his  time  in  actual  Government 
employment  is  considered  by  the  memo- 

randum issued  by  the  President  to  be  em- 
ployed for  a  substantial  portion  of  his 

time  by  the  Government. 
2.  The  memorandum  also  points  out 

that  a  consultant  or  adviser,  whether  he 
serves  the  Government  more  or  less  than 
40  per  cent  of  his  time,  is  barred  from 
prosecuting  or  assisting  in  the  prosecution 
of  another  person's  claim  against  the  Gov- ernment during  his  period  of  availability 
for  Government  service,  and  two  years 
thereafter. 

3.  The  memorandum  disqualifies  any 
consultant  or  adviser  from  performing 
any  governmental  duties  involving  the 
transaction  of  business  with  a  business 

studying  materials  and  compatibility. 
An  advanced  SPUR  concept  en- 

visions using  a  thermionic  conversion 
system  rather  than  the  Rankine  loop. 
A  year  ago,  AGN  was  awarded  an  Air 
Force  contract  to  look  into  the  feasi- 

bility of  such  a  system. 
The  AEC  is  said  to  be  still  deliber- 

ating the  question  of  actively  undertak- 
ing SNAP  50  and  SNAP  70.  although 

indications  are  that  the  agency  will  soon 
start  programs  on  each  system. 

SNAP  50  is  a  Rankine-loop  device 
which  will  operate  in  the  1500°F  to 
2000°F  range;  SNAP  70  is  the  therm- 

ionic version,  to  operate  at  more  than 
3000°F.  One  source  put  the  lowest  cost 
of  SNAP  50  at  $250  million. 

firm  or  other  organization  by  which  he  is 
employed,  or  to  which  he  renders  con- 

sultant services,  or  in  which  he  has  a 
financial  interest.  Moreover,  the  consultant 
or  adviser  may  not  render  any  advice  in 
the  course  of  his  Government  service 
which  will  have  a  direct  and  predicable 
effect  upon  the  interests  of  such  firm  or 
organization. 

4.  The  memorandum  establishes  strict 
rules  of  behavior  with  regard  to  conflict 
of  interest  statutes.  No  consultant  or  ad- 

viser may  use  inside  information  for  pri- 
vate gain  for  himself  or  persons  with 

whom  he  has  family,  business  or  financial 
ties;  nor  may  he  accept  any  offer  of  private 
employment  which  he  has  reason  to  be- 

lieve is  motivated  by  his  connection  with 
the  Government,  unless  he  resigns  from  his 
Government  position.  He  may  not  use 
his  position  to  coerce,  or  give  the  appear- 

ance of  coercing,  any  other  person  to 
provide  any  financial  benefit  to  himself 
or  to  any  person  with  whom  he  has  family, 
business  or  financial  ties.  And  he  is  not  to 
receive  or  solicit  gifts  if  he  has  reason 
to  believe  they  would  not  be  made  but 
for  his  Government  position,  or  if  the 
acceptance  of  the  gift  would  result  in  the 
loss  of  his  complete  independence  or  im- 
partiality. 

5.  Finally,  at  the  time  of  his  appoint- 
ment, the  consultant  or  adviser  must  sup- 

ply the  department  or  agency  with  a  state- 
ment of  his  private  employment  remun- 

eration, financial  interests,  including  the 
names  of  all  businesses  and  other  organi- 

zations which  he  serves  in  any  capacity, 
and  the  names  of  the  companies  in  which 
he  holds  security  and  other  interests  hav- 

ing a  significant  value.  This  information 
must  be  kept  current  during  the  time  he is  employed. 

NASA  is  pursuing  an  active  R&D 
effort  to  learn  how  to  build  high-power 
systems  up  to  tens  of  megawatts  elec- trical output. 

Harold  Finger,  head  of  joint  AEC- 
NASA  Space  Nuclear  Propulsion  Office, 
predicts  some  very  tough  problems 
along  the  way.  ""We're  getting  into  new 
life  requirements  when  we  talk  about 
'many  years'  operation,"  he  told  M/R. 
"How  do  we  develop  reliability  in  this 

system?  It's  going  to  be  difficult." The  two  basic  questions  still  waiting 
for  an  answer:  If  the  task  is  so  costly 
and  difficult  and  therefore  can  be  done 
only  once,  why  are  three  parallel  efforts 
emerging?  And  if  they  are  to  be  com- 

bined, who  is  to  be  in  charge?  H 
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The  Industry  Week 

New  Code  for  Consultants 

Industry  officials  who  work  parttime  as  scientific 
advisers  to  the  government  now  have  a  new  Presi- 

dential code  of  conduct  laid  down  for  them.  It  is 
intended  to  resolve  possible  conflict-of-interest  for 
government  consultants  who  may  also  work  for 
companies  or  universities  holding  government  con- 

tracts. Major  points:  advisers  are  required  to  keep 
the  government  informed  of  their  private  financial 
interests  .  .  .  cannot  use  inside  information  for 
private  gain  .  .  .  and  receive  a  special  exemption 
under  conflict-of-interest  laws.  White  House  move 
came  after  a  New  York  Times  story  attempted  to 
make  retired  Air  Force  general  Donald  Putt  an 
apparent  scapegoat  because  he  serves  as  chairman 
of  the  Air  Force  Scientific  Advisory  Board  while 
holding  the  job  of  president  of  United  Technology 
Corp.  Industry  reaction:  Unwarranted  attack  on  a 
man  whose  record  is  above  reproach.  Despite  this 
and  the  White  House  move,  Congress  is  expected  to 
look  into  the  subject.  Text  of  Kennedy  memorandum 
is  on  opposite  page. 

Changes  in  the  Front  Office 
Burt  Monesmith  was  named  group  vice  president 

and  James  Lyndon  vice  president-industrial  rela- 
tions of  Lockheed  Aircraft  Corp.  Monesmith  will 

have  responsibility  for  activities  of  Lockheed  Elec- 
tronics Co.,  Plainfield,  N.J.,  Puget  Sound  Bridge  and 

Dry  Dock  Co.,  Seattle,  and  Lockheed  Propulsion 
Co.,  Redlands,  Calif.  He  will  retain  his  present 
assignment  as  V. P. -manufacturing.  Lyndon,  former 
corporate  director  of  industrial  relations,  was 
elected  to  the  newly  created  post  of  V. P. -industrial 
relations.  The  company  also  said  Elmer  P.  Wheaton 
will  join  March  1  as  a  vice  president,  aiding  in  policy 
and  operational  matters,  reviewing  new  business  and 
product  plans  and  providing  technical  advice.  Whea- 

ton had  been  acting  vice  president  of  engineering  at 
Douglas  Aircraft  Co.  .  .  .  Roy  E.  Wendahl  has  been 
appointed  to  the  new  post  of  executive  vice  presi- 

dent, Hughes  Aircraft  Co.  Lawrence  Hyland,  V.P. 
and  general  manager,  said  "Wendahl  will  run  the 
company  from  now  on,  although  continuing  to  re- 

port to  me  in  our  staff  alignment."  Wendahl,  with 
Hughes  for  22  years,  has  been  a  vice  president  since 
1957  and  head  of  its  aerospace  group  since  1958. . . . 
Richard  E.  Krafve  has  resigned  as  president  of  Ray- 

theon Co.  Reason  given:  policy  conflicts  with  other 
executives.  Krafve  joined  Raytheon  in  March,  1959, 
was  elected  a  director  and  executive  vice  president 
in  September,  1959,  and  named  president  in  April, 
1960. 

News  of  Mergers  and  Expansions 
Lear  Inc.  will  be  merged  into  The  Siegler  Corp., 

pending  stockholders'  approval  this  spring.  John 
Brooks,  Siegler  president,  and  A.  G.  Handschu- 
macher,  Lear  president,  said  "We  believe  this 
merger  will  provide  a  substantially  expanded  and 
improved  defense  business  capability,  linking  as  it 
does  Lear's  know-how  and  experience  in  producing 
high-quality  proprietary  products  with  Siegler's 
military  electronic  systems  and  subsystems  abilities. 
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The  merged  organizations  will  be  in  a  much  better 
position  to  participate  in  substantial  defense  and 
government  outer  space  projects.  .  .  .  Motorola's 
Western  Military  Electronics  Center  wiU  add  some 
70,000  sq.  ft.  of  engineering  space  to  its  Phoenix, 
Ariz.,  facilities  Associated  Testing  Laboratories, 
Inc.  put  into  operation  a  125-g  vibration  testing 
system  in  its  Southeastern  Divisional  Lab,  Winter 
Park,  Fla.  .  .  .  Sperry  Gyroscope  Co.  established  a 
regional  marketing  office  in  Huntsville,  Ala.  .  .  . 
Monsanto  Research  Corp.  began  start-up  operations 
to  manufacture  radioactive  sources  at  its  Dayton, 
Ohio,  lab.  Initial  products  include  fission  foils  and 
alpha,  beta,  neutron,  and  heat  sources.  .  .  .  Digital 
Dynamics,  Inc.,  nuclear  research  and  instrument 
manufacturer,  opened  a  new  facility  in  Los  An- 

geles. .  .  .  General  Electric  established  a  unit  to 
speed  development  of  fuel  cells  as  standard  electric 
power  sources  for  space  vehicles  and  military  appli- 

cations. The  Direct  Energy  Conversion  Operation 
comprises  components  of  GE's  Aircraft  Accessory 
Turbine  Dept.  already  engaged  in  direct  energy 
conversion.  Headquarters  for  the  operation,  a  com- 

ponent of  GE's  Ordnance  Dept.,  are  at  Lynn,  Mass. 
.  .  .  Rocketdyne  Division  of  North  American  Avia- 

tion has  consolidated  its  contracting,  proposal  and 
marketing  activities.  Three  major  line  functions, 
four  regional  offices  and  two  support  activities  have 
been  set  up.  Line  functions  are:  Programs  and  Con- 

tracts; Estimating  and  Pricing;  and  Export  and 
Licensing.  Customer  Services  and  Market  Research 
will  support  the  organization.  .  .  .  Space  Technology 
Laboratories,  Inc.  established  a  systems  value  anal- 

ysis section  in  its  special  projects  department.  The 
section  is  responsible  for  cost  analyses  and  system 
evaluation  studies  for  various  system  configurations 
and  coordination  of  these  evaluations  with  systems 
studies  by  design  engineering  and  operations  re- 

search. .  .  .  General  Precision  Inc.'s  GPL  division 
formed  a  division  to  coordinate  functions  of  its 
research  and  advanced  development  activities.  Dr. 
France  F.  Berger  is  director  of  the  new  Research 
and  Advanced  Development  department.  .  .  .  North 
American  Aviation's  Space  and  Information  Sys- 

tems Div.  will  establish  a  facility  in  the  Tulsa,  Okla. 
area  to  build  various  components  and  GSE  for  the 
Apollo  program.  The  division  will  occupy  part  of  AF 
Plant  3,  now  occupied  by  Douglas.  NAA  also  has 
taken  an  option  on  300  acres  of  land  adjoining  the 
Verdigris  River. 

Company  Name  Changes 
Texas  Instruments  Inc.  changed  the  name  of  its 

Geosciences  Div.  to  Science  Services  Div.,  reflecting 
the  broader  scope  of  its  activities.  .  .  .  Magna  Corp. 
is  the  new  title  for  Magna  Products,  Inc.,  a  subsidi- 

ary of  Thompson  Ramo  Wooldridge  Inc. 

New  Missile/Space  Companies 
El-Tek,  Inc.  has  been  formed  as  an  electronic 

technology  company  in  Hawthorne,  Calif.  Four 
divisions  have  been  set  up :  information-technology, 
communications  equipment,  control  technology  and 
reliability  and  technical  services.  President  is  Dr. 
M.  E.  Salveson. 

  I 



At  Solid-State  meeting  .  .  . 

Tunnel  Diodes  Called  Highly  Promising 

Philadelphia — While  the  tunnel 
diode  is  not  as  universally  useful  in 
terms  of  high  speed  and  economy  as 
expected,  there  are  some  types  of  solid- 
state  circuits  in  which  it  excels. 

That  conclusion  was  presented  to 
last  week's  International  Solid-State  Cir- 

cuits Conference  here  by  P.  N.  Thomp- 
son of  Plessey  Co.,  Ltd.,  of  England. 
Thompson  included  among  the  more 

promising  solid-state  computer  applica- 
tions the  use  of  tunnel  diodes  with  very- 

low-peak  tunnel  currents  for  transistor- 
ized backward-diode  logic  circuits  and 

also  as  high-speed  digital  storage  ele- 
ments. 

At  low  microwave  frequencies, 
where  the  tunnel-diode  high-frequency 
characteristics  are  valuable  and  its  two- 
terminal  properties  do  not  impose  severe 
limitations,  Thompson  sees  an  obvious 
application  in  low-power  oscillators. 

He  also  discussed  the  use  of  tunnel 
diodes  as  amplifiers.  Though  application 
in  this  area  is  limited  by  the  two-termi- 

nal characteristics,  high  noise  figure  in 
comparison  to  parametric  amplifiers, 
and  by  small  linear  dynamic  range, 
Thompson  asserted  that  tunnel  diodes 
have  a  very  definite  place  within  super- 
regenerative  amplifiers  and  detectors, 
where  the  tuned  frequency  is  not  sensi- 

tive to  the  bias  voltage. 

•  Three-year  progress — There  was 
heavy  emphasis  on  current  tunnel-diode 
technology  at  the  meeting,  with  an  even 
dozen  of  the  46  conference  papers  deal- 

ing with  practical  applications  of  tunnel- 
diode  techniques  which  have  evolved 
during  the  past  three  years. 

Operation  of  a  miniaturized  FM 
telemetering  transmitter  using  a  tunnel- 
diode  FM  modulator-oscillator  was  de- 

scribed by  a  team  of  scientists  from 
Case  Institute  in  Cleveland.  The  device 
was  used  to  broadcast  human  body  ac- 

tivity data  to  a  remotely  located  receiver 
and  recorder,  and  reportedly  eliminated 
most  of  the  noise  and  disturbances  en- 

countered when  using  wire  transmission 
techniques. 

A  paper  presented  by  Bell  Labora- 
tories' M.  E.  Sikorski  described  the 

advantages  of  tunnel-diode  devices  for 
sensitive  pressure  measurements.  The 
author  claims  that  the  devices  are  among 
the  most  sensitive  pressure  transducers 
known,  and  that  their  small  size  and 
response  to  both  static  and  dynamic 
pressures  makes  them  extremely  attrac- 

tive in  this  role. 
All  four  papers  presented  in  the 

high-speed  switching  session  also  dealt 
with  systems  employing  various  tunnel- 
diode  techniques. 

Attracting  attention  in  the  area  was 

a  paper  from  General  Electric's  Elec- tronics Laboratory  at  Syracuse  which 
described  a  new  system  of  pumped  tun- 

nel-diode-transistor computer  logic. 
A  500-mc  data  processing  rate  is 

reportedly  achieved  through  use  of  a 
hybrid  transistor-tunnel-diode  circuit 
which  combines  the  high-speed  capabili- 

ties of  both  devices.  The  transistor  ele- 
ment provides  the  isolation  between 

several  input  channels  and  also  insures 
proper  information  flow  direction.  Since 
no  gain  is  required  from  the  transistor, 
operation  close  to  its  cutoff  frequency 
is  possible.  The  germanium  tunnel  diode, 
which  has  little  isolation  capability,  pro- 

vides the  gain  and  threshold  action. 
Reclocking  is  achieved  by  pumping  the 
tunnel  diode  with  a  500-mc  sine  wave. 

Total  attendance  at  the  three-day 
conference,  including  the  10  technical 
sessions  and  1 1  informal  discussion  ses- 

sions, was  estimated  at  2000  persons. 
The  46  papers  selected  for  final  presen- 

tation to  the  meeting  were  culled  from 
approximately  200  submitted  manu- scripts. 

Expanding  British,  European,  Cana- 
dian and  Japanese  activity  in  solid-state 

circuitry  was  indicated  by  the  heavy 
foreign  participation  in  paper  selection 
and  presentation.  About  20%  of  the 
papers  were  by  foreign  authors.  & 

Mariner  Flying'  to  Venus  in  Simulator Pasadena,  Calif.  —  A  full-scale 
temperature  control  model  of  the 
Mariner  spacecraft  has  been  sealed  in 
the  new  eight-story,  $4-million  space 
environmental  simulator  at  CalTech's 
Jet  Propulsion  Laboratory  for  a  three- 
week  "trip"  to  Venus. 

At  the  end  of  the  test,  first  in  the 
simulator,  JPL  engineers  expect  to  know 
a  great  deal  more  about  ultimate  design 
of  the  450-lb.  probe,  which  is  10  ft. 
high  and  14Vi  ft.  across  with  its  solar 
panels  extended. 

The  facility  was  begun  in  January, 
1961,  and  built  on  a  "full-bore  crash 
program  basis"  during  most  of  the  past year,  says  W.  R.  Howard,  director  of 
JPL's  Engineering  Facilities  Division. 
Completion  was  pressed  to  enable  the 
maximum  number  of  simulated  flights 
before  the  launch  window  for  a  Venus 
or  Mars  flyby  arrives,  in  the  third  quar- 

ter of  this  year. 
The  Mariner  undergoing  the  test  is 

a  full-size  flight  configuration  model, 
but  not  a  working  model.  The  test  is 

to  check  temperature  effect  on  Mariner's basic  configuration  as  now  envisioned, 
including  how  the  shadow  pattern  over 
it  in  space  will  affect  heat  distribution 
at  various  locations  both  within  and 
without  the  spacecraft. 

"Since  the  only  energy  in  space  is 
that  radiated  from  the  sun,  the  tempera- 

ture of  a  spacecraft  will  depend  upon 
its  distance  and  orientation  relative  to 
the  sun,  its  color  or  finish,  its  material 
and  its  shape,"  Herbert  D.  Strong,  Chief of  the  Environmental  Facilities  Section 
said. 

The  new  facility,  which  will  be  used 
to  determine  final  design  of  all  lunar 
and  planetary  spacecraft  JPL  is  devel- 

oping for  NASA,  consists  of  a  10,000- 
sq.-ft.  building  to  house  offices,  a  con- 

trol room  and  equipment  area  and  the 
space  simulator.  The  simulator  is  a 
cylindrical  tower  80  ft.,  4  in.  high  and 

27  ft.  in  diameter.  Lower  portion  of 
the  simulator  is  a  stainless  steel  vacuum 
chamber  47  ft.  high  and  25  ft.  in  diam- 

eter. Upper  portion  houses  a  solar  simu- 
lation system  consisting  of  131  arc  mer- 

cury xenon  lamps  and  a  system  of  lenses 
and  mirrors  which  produce  a  collimated 
beam  of  artificial  sunlight. 

The  vacuum  chamber  is  lined  with 
200  dull  black  aluminum  plates.  Liquid 
nitrogen  running  through  small  tubes 
in  the  lining  absorb  about  99%  of  heat 
radiated  from  the  spacecraft,  and  dif- 

fusion pumps  carry  away  most  of  the 
remaining  heat  to  bring  chamber  wall 

temperature  down  to  minus  320°F. The  space  simulator  was  built  by  a 
team  headed  by  Consolidated  Vacuum 
Corp.,  a  Bell  and  Howell  Company 
subsidiary,  Rochester,  N.Y.  Other  firms 
include  Bausch  and  Lomb,  Pittsburgh- 
Des  Moines  Steel,  Aetron  Division  of 
Aerojet-General  Corp.,  and  Tenney  En- 

gineering, Inc.  8 
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products  and  processes- 

New  Product  of  the  Week: 

Lightweight  Oscilloscope 

AN  ALL-TRANSISTORIZED  os- 
cilloscope which  meets  military  speci- 

fications MIL-E-16400,  has  been  devel- 
oped by  General  Atronics  Corp.  The 

unit,  weighing  23  lbs.  and  requiring  less 
than  Vz  cu.  ft.  of  space  is  designed  for 
submarine,  ship,  air  or  spacecraft  use  or 

wherever  portability,  space  consumption 
or  heat  dissipation  must  be  considered. 

In  addition  to  usage  as  100%  semi- 
conductor it  offers  a  10:1  reduction 

drop  in  power  consumption,  draws  25 
watts  and  can  be  adapted  for  battery 
use  with  a  converter. 

Circle  No.  225  on  Subscriber  Service  Card 

Scimitar  Type  Antennas 
Scimitar  atnennas  for  P  and  S  bands 

are  in  production  at  Transco  Products 
Inc.  The  high-power  ECM  design  af- 

fords 1.25  VSWR  over  a  one-octave 
bandwidth  and  coverage  in  both  ver- 

tical and  horizontal  polarizations.  The 
MIL-qualified  antennas  operate  from 
-54°C  to  +95°C  and  withstand  high 
g  loading.  The  patterns  are  approxi- 

mately omnidirectional. 
Circle  No.  226  on  Subscriber  Service  Card 

Vibration  Analyzer 
The  Model  40  Vibration  Analyzer, 

developed  by  RayData  Corp.,  is  a  pre- 

cision analyzer  having  provision  for  two 
separate  inputs.  Calibrated  panel  meters 
indicate  the  frequency  and  amplitude 
of  signals  in  the  microinch  range  from 
pickups  applied  to  machinery  while  un- 

balance phase  data  is  provided  by  a 
high-intensity  stroboscope  flashed  in 
synchronism  with  the  resulting  fre- 

quency of  vibration. 
The  instrument  is  not  only  fully 

transistorized,  with  an  optional  feature 
permitting  battery  operation,  it  also 
employs  a  peak  hold  feature  for  show- 

ing the  peak  value  of  transient  signals 
on  the  meter. 

Circle  No.  227  on  Subscriber  Service  Card 

Underwater  Scintillation 
Detector 

Franklin  Systems  Inc.,  is  producing 
a  transistorized,  portable,  battery-oper- 

ated underwater  scintillation  detector 
which  measures  all  beta  and  gamma 
radiation  in  the  sea  to  depths  of  1000 
ft. 

The  58-lb.  model  60-4  consists  of  a 
submersible  detector  probe,  cable,  and 
readout  package  and  contains  a  7-in.- 
dia.  plastic  scintillation  sphere  with  a 
nominal  20  mg/cm2  waterproof  coat- 

ing which  detects  the  underwater  radi- 
ation. The  readout  package  is  battery- 

operated,  with  a  built-in  charger,  and 
can  be  operated  for  8  continuous  hours 
before  recharge.  The  unit  measures  22 
inches  long  by  9  in.  dia. 

Circle  No.  228  on  Subscriber  Service  Card 

Solion  Tetrodes 

Two  solion  tetrodes  which  function 
as  integrators  and  low  frequency  ampli- 

fiers, have  been  announced  by  Texas 
Research  and  Electronic  Corp.  Typical 
of  the  applications  for  integrators  are 
process  control,  gas  chromatography 
and  analog  computers.  They  require 
very  low  input  power,  in  the  microwatt 
range,  with  maximum  input  currents  of 
25  and  10  microamps  respectively,  and 
give  outputs  of  up  to  1  milliamp  which 
are  proportional  to  the  time  integral  of 
the  inputs. 

Circle  No.  229  on  Subscriber  Service  Card 

Multiple  Output  Power 
Supply 

Three  isolated  outputs,  each  deliver- 
ing a  voltage  from  0  to  50  VDC  at  500 

milliamperes,  are  obtained  from  one 
package  measuring  5V4  in.  x  19  in.  x 
8V4  in.,  available  from  Valor  Instru- 

ments Inc.  A  high  degree  of  flexibility 
is  offered  by  installation  of  up  to  three 
standard  MB  type  plug-in  modules. 
Voltage  and  current  of  the  three  mod- 

ules are  monitored  on  a  wide-face  meter 
and  voltage  adjust,  and  fuse  of  each 
module  protrudes  through  the  front 
panel  for  ease  of  adjustment  and  access- 
ibility. 

Circle  No.  230  on  Subscriber  Service  Card 

Transistorized  Amplifiers 
A  transistorized  summing  amplifier 

providing  quadrature  rejection  at  the 
null  point  in  a  servo  loop,  is  being 
offered  by  Melcor  Electronics  Corp. 
Known  as  Model  1060,  it  weighs  less 
than  2  oz.  and  features  150:1  quadra- 

ture rejection  ratio,  operation  at  400 
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cps,  low  noise  characteristics,  and  sum- 
ming accuracy  of  ±.05%  and  200  K 

input  impedance. 
The  unit  meets  military  shock  and 

vibration  specifications,  operates  over 
the  temperature  range  — 55°C  to 
+  80°C,  prevents  saturation  of  the  loop 
by  spurious  signals,  and  insures  high 
system  accuracy. 

Circle  No.  231  on  Subscriber  Service  Card 

Recording  Camera 

The  Royco  Model  500  airborne- 
particle  recording  camera  produces  fin- 

ished photographic  records  of  partic- 
ulate distribution  and  concentration  10 

seconds  after  the  drawing  of  a  sample. 
It  is  fabricated  of  aluminum,  with  a 
carrying  case  for  field  use,  and  requires 

no  special  skills  or  materials.  Either 
prints  or  slide  transparencies  can  be 
made.  It  offers  a  rapid  method  for 
checking  air-filter  operations  or  apply- 

ing quality-assurance  methods  to  par- 
ticle-grinding or  sizing  processes  in  sizes 

from  1  micron. 
Circle  No.  232  on  Subscriber  Service  Cord 

Solid-State  Demodulator 

A  compact,  solid-state  ten-tone  de- 
modulator, made  by  Casa  Electronics 

Corp.,  provides  a  ten-channel  tone  sep- 
aration and  demodulation  system  for 

use  in  conjunction  with  telemetering 
systems.  This  general  purpose  instru- 

ment is  used  to  obtain  ten  bits  of  infor- 
mation from  one  sub-carrier  channel. 

Plug-in  printed  circuits  are  used 
throughout.  Standard  frequencies  range 
from  33  to  402  CPS,  with  provision  for 
connection  of  external  filters  to  provide 
various  alternate  frequencies  on  each 
channel.  Bandwidth  of  each  channel  is 
20  CPS. 

Circle  No.  233  on  Subscriber  Service  Card 

Micro-Inductors 

Unique  ultra-fine  wire  winding  tech- 
niques, and  a  new  concept  in  design  and 

construction,  enable  new  micro-induc- 
tors to  withstand  more  than  10,000 

G's.  Designed  by  Clippard  Instrument 
Laboratory,  Inc.,  for  relatively  low  cur- 

rent circuitry  in  rockets,  missile  and 
space-age  miniature  equipment  where 
extreme  mechanical  ruggedness  and 
resistance  to  environmental  change  is 
desired,  these  ferrite-cored  inductors  are 
supplied  in  three  styles.  All  exceed 
MIL-C-15305A,  Grade  1,  Class  0,  en- 

vironmental requirements. 
Circle  No.  234  on  Subscriber  Service  Card 

Resistance  Wafer  Kit 
A  kit  containing  10  cermet  resistor 

micro-elements  for  use  in  micro-module 
experimentation  is  available  from  CTS 
Corp.  The  resistance  wafers,  called 
CERAFERS,  are  rated  at  100,  500, 
Lk,  2.5K,  5K,  10K,  25K,  50K,  100K 
and  250K  ohms,  ±10%,  in  short 
straight  paths  without  resorting  to  lat- 

tice or  grid  patterns.  Each  wafer  has 
two  resistors  of  the  same  value  on  one 
side. Circle  No.  235  on  Subscriber  Service  Card 

Dual  Centrifugal  Blower 
A  dual  centrifugal  blower  has  been 

developed  by  The  Torrington  Mfg.  Co. 
to  fit  into  restricted  space  in  tightly 
packed  electronic  equipment.  It  fea- 

tures an  air-tight  mounting  flange  which 
eliminates  the  need  for  costly  ducting 
joints,  and  guaranteed  air  flow  output 
is  180  cfm  at  0.5  in.  of  water  (standard 
density).  The  blower,  measuring  10.81 
in.  long,  5.25  in.  high  and  4.78  in.  deep, 
and  weighs  6  lbs.;  the  208-volt,  400- 
cycle  motor  operates  at  speeds  between 
5600  and  5900  rpm. 

Circle  No.  236  on  Subscriber  Service  Card 

Semiconductor  Furnace Assembly 

A  three-zone  element  in  a  special 
36-in.  furnace  assembly  has  been  de- 

veloped by  Kanthal  Corp.  to  provide  the 
temperature  uniformity  required  for 
semiconductor  production.  At  an  aver- 

age temperature  of  1130°C  in  the  fur- nace, the  three-zone  element  maintains 
temperatures  within  ±3°C  over  14  in. 
of  the  hot  zone.  The  three-zone  element 
is  also  available  alone. 

Circle  No.  237  on  Subscriber  Service  Card 

Servo  Gear  Assembly 
Kinetic  Instrument  Corp.  announces 

the  manufacture  of  a  subminiature  pre- 
cision servo  gear  assembly  designed  for 

two  size  1 1  and  two  size  8  components. 
Overall  ratios  as  high  as  5000: 1  may  be 
obtained  with  exact  integral  ratios  be- 

tween all  components  from  the  unit, 
which  measures  1  in.  x  1V6  in.  x  1%  in. 
Backlash  can  be  held  to  less  than  five 
minutes  of  arc. 

Circle  No.  231  on  Subscriber  Service  Card 

FOR  MAXIMUM 

PROTECTION 

during  shipment 

and  storage 

» 

1     '  *A  1 

Complies  with  MIL-C-22U3  (WEPS) 

THE  NEW  ZERO  MODULAR  PACKAGING  SYSTEM 

The  new  Zero  Modular  Shipping/ Storage  Container  System  combines 
the  advantages  of  light  weight  and  great  structural  strength  with 
versatile  dimensioning  to  provide  trim  and  good  appearing  aluminum 
shipping  and  storage  containers  with  minimum  weight  and  cube.  Sensi- 

tive electronic  and  mechanical  gear,  missile  components . . .  even  complete 
missiles  receive  requisite  shock  and  environmental  protection  through 
the  use  of  this  versatile  system. 

Write  for 
Modular 
Catalog 
E59 

ZERO  MANUFACTURING  CO. 
1121  Chestnut  Street,  Burbank,  California 
Factories  in  Burbank,  Calif,  and  Palmer,  Mass. 
Telephone  Victoria  9-5521  •  TWX  BRB-9862 

representatives  in  key  cities  covering  the  U.S. 
42 Circle  No.  13  on  Subscriber  Service  Card missiles  and  rockets,  February  19,  1962 



Questions 

and 

Answers- about  the 

names  in  the  news 

RENNE  SCURLOCK 

Dr.  James  R.  Burnett:  Will  direct  the 
Minuteman  ICBM  Weapon  System  Pro- 

gram at  Space  Technology  Laboratories, 
Los  Angeles. 

Col.  George  E.  Howard,  Jr.:  Former 
Director  of  Operations,  12th  Air  Division, 
March  AFB,  Calif.,  appointed  Chief  of 
Staff,  1st  Strategic  Aerospace  Division, 
succeeding  Col.  James  H.  S.  Rasmussen, 
reassigned  to  Langley  AFB. 

John  J.  Crowley:  Former  Director  of 
Guided  Missiles  Office,  Assistant  Secretary 
of  Defense  for  Engineering,  and  vice  presi- 

dent and  assistant  general  manager  of 
Grand  Central  Rocket  (now  Lockheed 
Propulsion  Co.),  has  been  appointed  chief 
project  engineer,  Army  guided  missile  pro- 

grams of  General  Dynamics,  Inc.,  Pomona, 
Calif. 

George  J.  Renne:  Treasurer  of  Beck- 
man  Instruments,  Inc.,  of  Fullerton,  Calif., 
has  been  named  a  vice  president  of  the 
company. 

William  C.  Chambliss:  Has  been  se- 
lected to  fill  the  post  of  director  of 

planning  and  also  to  serve  on  the  board 
of  California  Computer  Products,  Inc., 
Downey,  Calif. 

Dr.  Arch  C.  Scurlock:  President  of  At- 
lantic Research  Corporation,  has  been 

elected  chairman  of  the  board  at  Nuclear 
Science  and  Engineering  Corp.,  Pitts- 

burgh, Pa. 

Kilbourne  H.  Knox:  Promoted  to  the 
position  of  vice  president  in  charge  of  sales 
for  Weston  Hydraulics,  Ltd.,  Van  Nuys, 
Calif. 

Stanley  Hauer:  To  head  the  new  Sys- 
tems Value  Analysis  Section  in  the  Special 

Projects  Department  of  Space  Technology 
Laboratories,  Los  Angeles. 

Stewart  Pfannstiel:  Has  been  elected  to 
the  new  position  of  senior  vice  president 
by  the  directors  of  Oak  Manufacturing 
Co.,  Crystal  Lake,  111. 

Louis  H.  Benzing:  Appointed  director 
of  operations,  military  systems,  Lockheed 
Electronics  Co.,  a  division  of  Lockheed 
Aircraft  Corp. 

Col.  Kenneth  E.  Hill:  Wing  Director  of 
Operations,  will  assume  command  of  the 

BENZING  COX 

4751st  Air  Defense  Wing  (Missile)  and 
Hurlburt  Field,  Fla.,  on  March  18,  when 
Col.  Joseph  Myers,  present  commander, 
leaves  for  his  new  ADC  assignment. 

George  Thompson:  Has  joined  Micro- 
tech, Inc.,  Cheshire,  Conn.,  as  vice  presi- 
dent and  general  manager. 

Oscar  S.  Cox:  Senior  member  of  the 
Washington,  D.C.,  law  firm  of  Cox,  Lang- 
ford,  Stoddard  and  Cutler,  has  been  elected 
a  director  of  American  Machine  &  Foun- 

dry Co. 

Donald  M.  Wilder:  Will  fill  the  newly 
established  position  of  director  of  admin- 

istration in  the  Lockheed-California  Co., 
Burbank,  Calif.,  a  division  of  Lockheed 
Aircraft  Corp.  Frank  A.  Mathey  will 
succeed  Wilder  as  director  of  financial 
operations. 

Donald  T.  Spaulding:  Named  president 
of  the  Federal  Systems  Division  of  Inter- 

national Business  Machines,  Corp.,  Rock- 
ville,  Md.  He  succeeds  Charles  Benton,  Jr., 
who  has  been  appointed  executive  assistant 
to  Orland  M.  Scott,  IBM  vice  president 
and  group  executive  for  the  Data  Process- 

ing and  Federal  Systems  Division. 

Leon  I.  Bawer:  General  Sales  Manager 
of  General  Communication  Co.,  Boston, 
has  been  elected  a  vice  president  of  the 
company. 

Joseph  F.  Engelberger:  President  of 
Consolidated  Controls  Corp.,  Stamford. 
Conn.,  and  vice  president  of  its  parent 
company,  Consolidated  Diesel  Electric 
Corp.,  has  been  named  to  the  board  of 
directors  of  the  parent  company. 

William  F.  Tait:  Former  manager. 
Marketing,  Government  Services,  has  been 
promoted  to  division  vice  president,  Mar- 

keting, Government  Services,  Radio  Cor- 
poration of  America  Service  Co.,  New 

York. 

R.  D.  Calvert:  Division  general  man- 
ager of  Lear,  Inc.'s  Electro-Mechanical Division,  Santa  Monica,  Calif.,  has  been 

elected  a  vice  president  of  the  firm. 

David  L.  Watson:  Former  vice  presi- 
dent in  charge  of  engineering  and  pro- 

duction, has  been  named  president  of  Uni- 
versal Dynamics  Corp.,  Alexandria,  Va. 

GLOBAL 

COMMUNICATIONS 

CAPABILITIES 

of 

What  capabilities?  From  which  subsidiary  of 

RCA? 
From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications  . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  —  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, 
telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities 
available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Most  Trusted  Name  in  Commanicationi 
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contracts 

AIR  FORCE 
$29,175,673— Systems  Development  Corp.,  Santa 

Monica.  Calif.,  to  continue  development 
and  Installation  of  a  training  program  for 
the  Air  Defense  Command's  SAGE  defense system. 

$26,136,676 — Boeing  Co.,  Seattle,  for  R&D  on 
the  Minuteman  weapon  system,  to  Include 
missiles,  flight  test,  development  of  sup- 

port equipment,  protective  cabinets  for 
electronic  equipment,  and  depot  tooling 
for  assembly  and  disassembly  (3  con- tracts) . 

$15,857,000 — Aerojet-General  Corp.,  Sacra- 
mento, Calif.,  for  research  and  develop- 

ment of  the  Minuteman  stage  H  motor, 
and  for  fabrication  and  delivery  of  Titan 
II  propulsion  systems  and  related  equip- ment (3  contracts). 

$8,820,000— Philco  Corp.,  Western  Development Laboratories,  Palo  Alto,  Calif.,  for  con- 
tinued production  of  a  satellite  control 

subsystem. 
$7,600,000— General  Dynamics  Corp.,  Telecom- 

munications Division,  Rochester,  N.  Y.,  for 
three  additional  Titan  missile  bases  and 
a  training  facility,  to  be  Installed  at  Davis- 
Monthan,  McConnell.  Little  Rock  and 
Vandenberg  Air  Force  Bases. 

$4.545,739— General  Electric  Co.,  Philadelphia, 
for  development  and  production  of  a 
Titan  II  re-entry  vehicle. 

$3,266,800 — Paul  Hardeman,  Inc.,  Stanton, Calif.,  for  installation  and  checkout  of 
Titan  II  propellant  transfer  systems  (sup- 

plemental contract). 
$3.155,000— North  American  Aviation,  Inc., Canoga  Park,  Calif.,  for  support  of  a  NASA 

rocket  engine  program  (supplemental  con- tract) . 

$3,000,000 — Federal  Electric  Corp.,  Paramus, 
N.  J.,  for  installation  of  an  Interim  tropo- spheric  scatter  communications  system  in the  Mediterranean  area. 

$3.000,000 — Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  for  provision  of  Agena  equip- ment and  launch  support  (supplemental contract) . 

$2,500,000 — General  Dynamics  Corp.,  San 
Diego,  for  procurement  of  personnel  sub- systems for  Atlas  missiles. 

$1.365,000 — Avco  Corp.,  Everett,  Mass.,  for  re- 
search on  re-entry  objects  (supplemental contract) . 

$1,240.374 — Texaco,  Inc.,  New  York  City,  for basic  chemical  research  for  development 
of  a  new  storable  liquid  rocket  propellant. 

$1,000,000 — Douglas  Aircraft  Co.,  Santa  Mon- 
ica, Calif.,  for  production  planning  for  the 

Skybolt  program. 
$500.000 — Martin  Marietta  Corp.,  Baltimore, 

for  development  of  fabrication  techniques 
and  design  procedures  for  refractory  metal 
honeycomb  sandwich  panels  for  space  ve- hicle construction. 

$443,994 — Barrett-Moore  and  Associates,  El 
Paso,  Tex.,  for  modification  of  Btilldlng 
1264,  Holloman  AFB,  N.  M. 

$235,007— General  Electric  Co.,  Syracuse,  N.  Y., 
for  production  of  test  instrumentation 
and  components  for  an  air  weapons  con- 

trol system  for  defense  against  air- breathing  weapon  systems. 
$111,619 — Canoga  Electronics  Corp,  Fort  Wal- 

ton Beach,  Fla.,  for  Infrared  measurement 
systems. 

$82,230 — Aero-Space  Division,  Boeing  Co.,  Se- 
attle, for  kits,  spares  and  descriptive  iden- tification data  for  the  spares  to  support 

the  Bomarc  weapon  system. 

$62,650 — Atlantic  Research  Corp.,  Alexandria, 
Va.,  for  rocket  motors  and  lgnltors  for 
SAf-75  missile  with  related  ammunition 
and  engineering  data. 

ARMY 
$11.825.000— General  Dynamics/Pomona,  Calif  ., for  continuation  of  R&D  on  the  Redeye 

missile  system  and  on  the  Mauler  weapon 
system  (2  contracts). 

$1.687,920 — Sperry  Rand  Corp.,  Salt  Lake  City. Utah,  for  repair  parts,  ground  support  and 
missile  items  for  Sergeant  guided  missile 
system  (4  contracts) . 

$783,909 — Gilflllan  Bros.,  Inc.,  Los  Angeles,  for 
spare  parts  for  the  Corporal  missile  system. 

$419,237  —  Intercontinental  Manufacturing 
Co.,  Garland,  Tex.,  for  rocket  motor  and 
nozzle,  metal  parts  assemblies,  Sergeant 
missile  system. 

$419,000 — Trip  Construction  Co.,  Inc.,  Glen- side,  Pa.,  for  construction  of  improved 
Nike-Hercules  control  system. 

$393,080 — Lockheed  Propulsion  Co,  for  re- 
search of  structural  integrity  of  propel- 

lant grains. 
$237,000 — Missile  Sites,  Inc.,  Silver  Spring. 

Md..  for  construction  of  improved  Nike- Hercules  control  system. 
$149.060 — Western  Electric  Co.,  Inc.,  New  York 

City,  for  procurement  of  Nike  replenish- ment repair  parts. 
$95,286 — Martin-Marietta  Corp.,  Orlando,  for 

Pershing  weapon  system,  and  for  repair 
parts  for  Lacrosse  missile  system  (2  con- tracts) . 

$83,678 — Douglas  Aircraft  Co.,  Santa  Monica. Calif.,  for  Nike  Hercules  portable  test  set dolly. 

INDUSTRY 
$1,080,000 — Military  Products  Division,  Hamil- ton Watch  Co.,  Lancaster,  Pa.,  from 

Sandia  Corp.  for  timing  devices,  and  from 
Boeing  Co.  for  programing  devices  and 
spare  parts  for  the  Bomarc  missile  (2  con- tracts) . 

$475,000  —  Ortronlx  Incorporated,  Orlando, 
Fla.,  from  Aerospace  Div,  Martin-Marietta 
Corp.,  for  high-speed  automatic  digital multimeters  for  use  In  the  ground  svipport 
equipment  of  the  Pershing  missile  pro- 

gram. NASA 

$685.000 — Dynamics  Science  Corp.,  Marshall Industries  subsidiary,  San  Marino,  Calif., 
for  research  on  a  high-energy  rocket  pro- 

pellant, aircraft  safety,  interplanetary  ve- 
hicle sterilization,  rocket  combustion  in- 

stability, satellite,  bio-medical  packages, 
rocket  guidance  control  and  high-tem- perature lubricants  (joint  contract  with Air  Force  and  Lockheed). 

NAVY 
$2,960,276— Philco  Corp.,  Philadelphia,  for 

modification  and  repair  of  control  sections 
of  Sidewinder  missiles. 

$2,500.000 — Northrop  Corp.,  Ventura  Division, 
for  production  of  KD2R-5  radio-controlled aerial  target  drones. 

$2,421,503  —  Aerojet-General  Corp.,  Sacra- mento, for  rocket  motors  and  lgnltors  for Tartar  missiles. 
$1,940,000 — Chromcraft  Corp.,  St.  Louis,  for 

launchers  for  foldlng-fln  rockets  for 
fighter  aircraft. 

$1,200,000  —  Goodyear  Aircraft  Co.,  Akron. 
Ohio,  for  continuation  of  research  and 
development  on  Subroc  missile  system. 

$586,000  —  Vitro  Corp.  of  America,  Silver 
Spring,  Md.,  for  research  and  development 
of  shipboard  launching  system  for  Terrier, 
Tartar,  Talos  and  Typhon  missiles  and  for 
engineering  and  preliminary  design  of 
facilities  for  shipboard  stowage,  handling 
and  checkout  of  Navy  missiles. 

$140,000— Vought  Range  Systems,  division  of Chance  Vought  Corp.,  Dallas,  Tex.,  for 
services  of  personnel  for  operational  and 
technical  support  of  guided  missile  unit No.  55. 

RADAR 

Systems  Scientists  For 

Advanced  Programs  Staff 

Staff  level  openings  in  Orlando,  Florida,  are  available  for  out- 
standing technical  contributors  in  radar  systems  technology. 

Assignments  will  involve  conception,  direction,  and  participa- 
tion in  radar  systems  studies.  Additional  emphasis  will  be 

placed  on  associated  research  and  development  in  the  evolution 
of  space-based,  airborne,  and  ground-based  radar. 

These  positions  offer  salary  and  responsibility  commensurate 
with  top-level  scientific  ability.  Investigate  them  by  sending 
your  resume,  in  confidence,  to  Mr.  H.  L.  Phillips,  Sec.  263. 

AEROSPACE  DIVISION— ORLANDO,  FLORIDA 

MA  f*i ETTA 
(An  equal  opportunity  employer.) 
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FEBRUARY 

Tracking  and  Command  of  Aerospace  Ve- 
hicles, Institute  of  the  Aerospace  Sci- 
ences, Jack  Tar  Hotel,  San  Francisco, 

Feb.  19-21. 
Electrical  Insulation  Conference  and  Ex- 

hibit, American  Institute  of  Electrical 
Engineers,  Shoreham  Hotel,  Washing- 

ton, D.C.,  Feb.  19-22. 
Society  of  American  Military  Engineers 

Southwestern  Regional  Conference,  El 
Paso,  Tex.,  Feb.  23. 

Third  Annual  Symposium  on  Nondestruc- 
tive Testing  of  Aircraft  and  Missile 

Components  (Southwest  Research  In- 
stitute), Gunter  Hotel,  San  Antonio, 

Tex.,  Feb.  27-Mar.  1. 
Application  of  Switching  Theory  in  Space 

Technology,  symposium  sponsored  by 
Air  Force  Systems  Command,  Air 
Force  Office  of  Scientific  Research,  and 
Lockheed  Missiles  and  Space  Co.,  Sun- 

nyvale, Calif.,  Feb.  27-Mar.  1. 

MARCH 

Institute  of  Radio  Engineers,  8th  Scintil- 
lation and  Semiconductor  Counter 

Symposium,  Washington,  D.C.,  Mar. I-  3. 

Pittsburgh  Conference  on  Analytical 
Chemistry  and  Applied  Spectroscopy, 
sponsored  by  the  Society  for  Analytical 
Chemists  and  the  Spectroscopy  Society, 
Penn-Sheraton  Hotel,  Pittsburgh,  Mar. 5-  9. 

Fifth  Annual  Technical  Conference  Society 
of  Vacuum  Coaters,  Sheraton-Cleve- 

land Hotel,  Cleveland,  Mar.  6-7. 
Society  of  American  Value  Engineers 

(SAVE)  Annual  Meeting,  Marriott 
Motor  Hotel,  Washington,  D.C.,  Mar. 6-  7. 

Armed  Forces  Communications  and  Elec- 
tronics Association,  Cape  Canaveral 

Chapter,  symposium,  Cocoa  Beach, 
Fla.,  Mar.  6-8. 

Flight  Propulsion  Meeting  (classified),  In- 
stitute of  the  Aerospace  Sciences, 

Cleveland,  Mar.  8-9. 
American  Society  for  Quality  Control, 

Middle  Atlantic  Conference,  Statler- 
Hilton  Hotel,  Washington,  D.C.,  Mar. 8-9. 

First  Microminiaturization  Congress  and 
Exhibition,  sponsored  by  American 
Watchmakers  Institute,  Hotel  Com- 

modore, New  York  City,  Mar.  10-13. 
National  Electrical  Industries  Show,  New 

York  Coliseum,  New  York  City,  Mar. 
II-  14. 

1962  Symposium  on  Packaging  of  Chemi- 
cal Products,  sponsored  by  Manufac- 

turing Chemists  Association,  Inc.,  St. 
Louis,  Mar.  13-14. 

Goddard  National  Space  Conference,  spon- 
sored by  the  National  Rocket  Club, 

Sheraton  Park  Hotel,  Washington, 
D.C.,  Mar.  14-16  (Goddard  Memorial 
Dinner  on  Mar.  16). 

SAVE  TIME  SAVE  MONEY 

Heretofore  a  flexible  shaft  was  de- 
signed as  a  special  unit  requiring 

costly,  time-consuming  engineering. 
CIRCLE  ESS  STANDARD  FLEXIBLE 
SHAFT  ASSEMBLIES  are  versatile 
enough  to  fill  the  demands  of  many 
different  applications  and  yet  offer 
the  advantages  of  economy  in  time and  money. 

They  are  composed  of  stock  com- 
ponents, the  finest  steel  cable,  vinyl 

covered  steel  casing  and  cadmium 
plated  coupling  type  steel  end  fittings. 
Send  for  our  new  bulletin.  Learn 
about  this  new  economical  way  of 
buying  flexible  shafts. 

F.W.  STEWART  CORP. 
■  — !■  n-r^ 

West  Coast  Plant:  2404  So.  Grand  Ave., 
Los  Angeles,  7,  California 
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editorial . 

Good  Long  Range  Planning 

WE  HAVE  HEARD  many  times  a  complaint 
from  friends  in  the  industry  which  goes  some- 

thing like  this: 
"The  big  trouble  in  trying  to  help  the  services 

with  their  problems  is  finding  out  what  those  prob- 
lems are." Almost  all  of  the  prime  manufacturers  in  the 

missile/ space  industry  maintain  large  departments 
devoted  to  seeking  out  the  future  problems  and  re- 

quirements of  the  military.  These  bear  such  names 
as  Long-Range  Planning  or  Advanced  Planning.  They 
not  infrequently  take  the  form  of  an  intelligence 
group  of  which  CIA  could  be  proud.  It  is  not  un- 

known for  such  a  well-informed  unit  to  detect  a 
military  need  before  the  military  itself  becomes 
aware  of  it,  thereby  effectively  orienting  a  company 
sales  program. 

Smaller  concerns  in  the  industry  cannot  afford 
the  expense  of  this  type  of  operation.  And  even  the 
best  Advanced  Planning  department  cannot  ferret 
out  every  potential  military  requirement. 

It  therefore  is  a  duty  of  the  military  services  to 
keep  their  industrial  partners  as  fully  informed  of 
requirements — and  problems — as  possible.  The  Navy, 
for  example,  has  for  some  time  sponsored  a  series 
of  regional  meetings  with  manufacturers  on  its  R&D 
requirements. 

We  are  reminded  of  all  this  by  another  example 
of  sound  military  planning  which  has  just  crossed 
our  desk.  We  want  to  call  attention  to  it  because 
the  industry,  too,  has  a  duty  in  this. 

When  the  military  outlines  its  problem  areas  and 
asks  for  industry  help,  responsible  missile/ space 
firms  should  be  quick  to  respond.  It  not  only  is  in 
the  national  interest — it  offers  a  sound  lead  to  future 
contracts. 

The  particular  example  we  are  discussing  is  the 
Air  Force-industry  symposium  on  future  trends  in 
range  testing  and  instrumentation  development, 
scheduled  at  Patrick  Air  Force  Base,  Fla.,  March  6-8. 

Patrick  is  headquarters  for  the  Atlantic  Missile 
Range.  Here,  the  Army,  Navy,  Air  Force  and  civilian 
agencies  work  together  on  the  problems  of  the  missile 
and  space  test  range. 

To  use  the  Air  Force  description:  "Cape  Canav- 
eral, as  the  launching  site  for  the  range,  is  the  first 

of  a  gigantic  far-flung  network  of  tracking  stations, 
set  out  like  stepping  stones  down  the  10,000-mile 

range." Operating  the  range  under  contract  from  the  Air 
Force  is  Pan  American  Airways.  Data-gathering,  in- 

strumentation and  evaluation  are  handled  by  Radio 
Corporation  of  America  under  contract  from  Pan  Am. 

They  will  take  part,  with  the  Air  Force,  in  the 
March  symposium.  It  has  two  purposes:  to  acquaint 
industry  with  the  future  needs  of  the  nation's  ranges 

and  to  aid  members  of  the  AMR  staff  in  getting 
first-hand  information  on  new  industrial  develop- 

ments in  the  field. 
It  will  not,  in  fact,  be  limited  to  AMR.  Full  sup- 

port is  being  extended  by  the  agencies  at  White 
Sands  and  the  Pacific  Missile  Range.  The  meeting 
will  lead  off  with  a  description  of  long-range  technical 
problems  facing  all  the  national  ranges. 

We  asked  Gen.  Leighton  I.  Davis,  commander 
of  AFMTC,  just  what  he  had  in  mind  in  setting  up 
such  a  conference,  first  of  its  kind  for  the  Atlantic 
Missile  Range.  Here's  his  reply: 

"The  purpose,  of  course,  is  to  encourage  industry 
to  investigate  some  of  these  problems  with  its  own 
funds.  It  is  obvious  that  the  nation  is  going  to  spend 
a  lot  of  money  on  range  instrumentation  and  global 
networks  in  the  next  few  years.  Those  companies 
which  are  alert  to  the  basic  limitations  of  our  present 
equipment  and  systems,  and  are  willing  to  invest 
some  of  their  own  funds,  will  be  in  a  better  position 

to  help  us  when  it  comes  to  equipping  the  ranges." 

THAT  IS  LAYING  IT  ON  the  line  bluntly.  And  it 
is  the  kind  of  challenge  to  which  the  industry  should 

respond.  The  firm  looking  for  something  for  nothing 
will  not  find  much  of  value  in  this  conference.  But 
the  company  seeking  some  sound  guidance  on  where 
to  invest  its  R&D  funds  in  this  field  will  be  aided 
considerably. 

Gen.  Davis  knows  what  he  is  talking  about  when 
he  speaks  of  "a  lot  of  money"  for  future  range  in- 

strumentation. The  National  Aeronautics  and  Space 
Administration  Fiscal  '63  budget  alone  provides  over 
$359  million  for  Cape  Canaveral  and  AMR,  much 
of  it  to  be  spent  in  this  field.  The  Air  Force,  of 
course,  has  responsibility  for  the  operation  of  AMR. 
A  good  part  of  the  military  budget  itself  will  be 
spent  on  the  ranges. 

Electronics  firms  represented  at  the  conference 
will  come  away  with  increased  awareness  of  military 
needs.  They  also  will  have  an  unusual  opportunity  to 
brief  military  planners  on  the  latest  industrial  devel- 

opments in  their  area. 
We  have  been  quick  to  editorialize  against  what 

we  regard  as  unnecessary  conferences  and  symposi- 
ums. We  want  to  be  equally  quick  to  support  what 

promises  to  be  a  useful  meeting. 
Gen.  Davis,  and  the  local  technical  societies 

which  are  participating  in  sponsorship  of  the  Patrick 
symposium,  have  come  up  with  a  good  idea.  We 
hope  the  industry  wholeheartedly  takes  them  up  on  it. 

Information  on  the  meeting  can  be  obtained 
from  Col.  R.  W.  Swanson,  Deputy  Chief  of  Staff, 
Operations,  Air  Force  Missile  Test  Center,  Patrick 
AFB,  Fla.  All  sessions  will  be  unclassified. 

William  J.  Coughlin 
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How  Science  Serves  Defense  at  Westinghouse. . .  Airborne  Radar 

Phantom  II . . .  the  fastest,  highest-flying  fighting  aircraft. 

Firepower  CONTROL 

In  defense  or  attack  ...  in  any  weather  .  .  .  the 
Navy's  new  McDonnell  F4H  is  a  mighty  potent 
fighting  aircraft.  It  carries  a  variety  of  weapons  .  .  . 
and  relies  on  one  of  the  most  advanced  and  accurate 
airborne  missile  control  radars  ever  built,  the 
APQ-72  by  Westinghouse. 
Now  operational,  the  APQ-72  is  a  proved  radar. 
Long  range.  All-weather.  Designed  and  packaged 
for  high  reliability  and  ease  of  maintenance,  with 
"built-in"  test  features. 
This  modern,  airborne  radar  is  the  latest  in  a 
succession  of  outstanding  applications,  which  in- 

clude the  Bomare  target  seeker  and  the  Aero-13 
system  for  the  F4D  "Skyray".  It  is  another 
example  of  Westinghouse  leadership  in  aerospace 
electronics. — Defense  Products  Group,  1000  Con- 

necticut Avenue,  N.W.,  Washington  6,  D.  C. 
You  can  be  sure  .  .  .  if  it's  Westinghouse.  una 

w 

Westinghouse 

Years  of  airborne  electronics  experience  at  Westing- 
house with  such  radars  as  the  Aero-13  system  in  the 

Douglas  F4D,  and  the  Boeing  Bomarc  have  produced 
many  state-of-the-art  advances.  These  are  incorporated 
in  the  all-new  APQ-72  system. 

Accuracy  and  long  range  of  the  APQ-72  system  were 
demonstrated  during  the  1961  record-setting  Bendix 
Trophy  race.  It  located  tanker  aircraft  long  before  they 
were  in  sight,  helping  cut  aerial  refueling  times  in  half. 
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AVERAGE  POWER  OUTPUT  AS  A  FUNCTION  OF  FREQUENCY 
FOR  MICROWAVE  TUBES.  (MODIFIED  FROM  NERGAARD) 
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VA-849G  25  kw  CW-7.125  Gc 
VA-849   20  kW  CW-7.125  Gc 

VA-863   10  kW  CW-7.125  Gc 

VA-823   5  kW  CW-8.5  Gc 

VA-851    2.5  kW  CW-9.5  Gc 
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Varian  research  indicates  this  figure  to  be  extremely  conservative.  Varian's  recent 
introduction  of  the  VA-849  amplifier  klystron  provided  the  industry  with  a  tube 

capable  of  developing  20  kW  CW  power  at  7.125-8.5  Gc.  A  modified  VA-849  developed 
51.5  kW  power  in  the  laboratory,  and  is  now  available  as  the  VA-849G,  conservatively 
rated  at  25  kW  CW.  Varian  accomplishments  do  not  stop  there.  The  company 

is  now  developing  an  X-band  tube  rated  at  a  minimum  of  50  kW  CW. 

If  your  microwave  project  calls  for  such  out- 

ahead  capability  in  power  tube  development,  l\f^ 
write  Tube  Division.  *l.  s.  Nergaard,  RCA  Review,  Dec,  1960 

V  A  Rl  AN  associates 

PALO  ALTO     lO.  CALIFORNIA 

Varian  Subsidiaries:  bomac  laboratories,  inc.  .  s-f-d  laboratories,  inc.  .  semicon  associates,  inc. 
VARIAN   ASSOCIATES  OF   CANADA,  LTD,    •     SEMICON   OF   CALIFORNIA,  INC.     •     VARIAN   A.  G .  (SWITZERLAND) 
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GENERAL  ELECTRIC  RTV  SILICONE  RUBRER 

KEEPS  THE 

PRESSURE  IN  THE  X-15! 

Critical  pressurized  areas  of  the  X-1S,  designed  and  luiilt  by 
North-  American  Aviation  through  a  joint  NASA-Air  Force- 
Navy  research  project,  are  sealed  with  General  Electric  RTV 
(room  temperature  vulcanizing)  silicone  rubber.  After  a  thor- 

ough, analysis  of  all  high  temperature  sealants,  RTV  was 
selected  to  seal  the  aft  bulkhead  behind  the  cockpit,  instrumen- 

tation compartment  and  shelving  near  the  ship"s  mid-section. 

RTV  adhesive  seals  heating  blanket  for  helium  pressure  regu- 
lator. RTV  rubber  forms  tenacious  bonds  to  most  materials  pro- 
vided surfaces  are  properly  primed.  It  is  easily  removed  from 

unprimed  surfaces.  It  can  be  applied  by  dipping,  pouring, 
spraying  or  buttering — cures  in  place  at  room  temperature  to 
form  a  tough,  flexible  seal.  Cure  times  can  be  varied  from  min- 

utes to  hours  depending  on  catalyst  used  and  heat,  if  applied. 

TYPICAL  PROPERTIES  OF  RTV  SILICONE  RUBBER 

RTV-1  1 RTV-20 RTV-40 
RTV60 

RTV-77 RTV-88 RTV-90 
Viscosity,  Poises 120 300 450 550 

8,000 

10,000 12,000 
Color While 

Pink 

White 
Red 

White 
Red Red 

Consistency 
Easily 

Pour- 
able 

Pourable Spreadable 
Thixolropic 

Paste 
Stiff 
Paste 

Temperature                FROM  -90°FTO  +  600- F  FOR  EXTENDED  PERIODS Resistance             TO  9,000  F  FOR  LIMITED  TIME  AS  THERMAL  INSULATION 
Specific  Gravity 1.18    |    1.35    |    1.37    |    1.47     |     1.33     |    1.47   |  1.47 Radiation  Resistance 10  ergs/gram 
Tensile  Strength,  psi 

350 
450 

550 

650 

500 

750 750 Shrinkage,  % 
0.4 0.2 0.2 0.2 

0.3 

0.3 0.2 
Durometer,  Shore  A 

45 

50 55 60 

50 

65 

60 

Volume  Resistivity, 
ohm-cm 

6x10" 5x10" 1x10" 
2x10  " 

1x10" 1x10" 2x10" 

Solids  Content,  °o 100 100 
100 

100 100 100 100 
Elongation,  % 

180 
140 120 110 220 110 190 

Protection  against  hydrogen  peroxide  spillage  is  provided  by 
RTV  silicone  rubber  coating  on  this  three  position  actuator. 
RTV  is  commonly  used  to  protect  against  moisture  and  many 
chemicals.  It's  used  in  almost  all  U.S.  missiles  and  space vehicles,  not  only  for  sealing,  but  for  electronic  potting  and 
encapsulating,  and  as  thermal  insulation.  It  combines  excel- 

lent electrical  properties  with  physical  protection. 
If  you  would  like  a  free  sample  for  evaluation,  write  on  your 
letterhead,  describing  your  application.  Section  0266,  Silicone 
Products  Department,  General  Electric  Co.,  Waterford,  N.  Y. 

A  wide  range  of  RTV  compounds  meet  a  variety  of  application 
requirements.  Low  viscosity  RTV-11  (or  transparent  LTV-602) 
is  used  for  potting  electronic  assemblies  and  coil  impregnation. 
RTV-77,  88  and  90  are  mainly  used  for  high-temperature  seal- 

ing and  for  thermal  insulating  ami  ablative  applications! 
Intermediate  viscosities  meet  other  insulating  and  sealing  re- 

quirements, are  also  used  as  flexible  mold  materials. 

GENERAL ELECTRIC 
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futurecraft  CaM-Kit: 

calibrates  pressure  sensing  devices 

in  minutes . . . i n  the  system. ..eliminating 

costly  wear  on  plumbing 

Using  a  portable  Cali-Kit,  you  take  the 
laboratory  to  the  component,  saving  up  to 

Merely  plug  the  calibration  line  into  the  component 
calibration  valve,  apply  reference  pressure,  and  com- 

pare against  a  master  gauge.  It's  that  simple.  You  avoid 
shutdowns,  or  extra  inventory  of  substitute  gauges. 
No  need  to  break  fittings.  No  possibility  of  component 
damage. 

CORP. 

ACCURACY  OF  0.1%  is  provided  over  a  pressure  range 
of  0  to  10,000  psi  — even  while  basic  system  functions 
under  full  pressure.  Gauges  do  not  become  contaminated 
during  calibration,  hence  recleaning  of  Lox-cleaned 
units  is  unnecessary. 

SERVICE  PROVED.  The  Cali-Kit  has  been  found  favor- 
able on  Titan,  Atlas,  Minuteman,  and  USAF  installa- 

tions. It's  the  lowest  cost,  easiest-to-use,  easiest-to- 
maintain  system  you  can  buy.  Write  today  for  complete 
literature  on  the  Cali-Kit. 

15430  Proctor  Avenue,  City  of  Industry,  California 
EDgewood  0-1611  •  TWX  CVNA  9653 
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A  panoramic 

concept 

on  space... 

you  find  it 

at  Lockheed 

Long  experience  and  proven  capability  give  Lockheed  a  great 
advantage:  perspective  on  space.  This  results  in  programs 
that  cover  the  broad  spectrum  of  aerospace  dynamics;  that 
present  the  most  far-reaching  technological  problems;  that 
offer  endless  creative  challenge  to  Scientists  and  Engineers; 
that  give  them  new  concepts  to  explore— new  goals  to  reach. 
This  far-ahead  program  in  the  concepts  and  vehicles  of 

space  creates  a  climate  most  favorable  to  advancement  in  the 
state  of  the  art  as  well  as  in  professional  status. 
Scientists  and  Engineers  with  an  eye  to  a  secure  and 

rewarding  future  will  find  these  openings  at  Lockheed  worthy 
of  serious  consideration:  Aerodynamics;  thermodynamics; 
dynamics;  electronic  research;  servosystems;  electronic  sys- 

tems; physics  (theoretical,  infrared,  plasma,  high  energy,  solid 
state,  optics);  electrical  and  electronic  design;  structural 
design  (wing,  empennage,  fuselage);  human  engineering; 
reliability;  wind  tunnel  design.  Write  today  to  Mr.  E.  W.  Des 
Lauriers,  Manager  Professional  Placement  Staff,  Dept.  1702, 
2404  N.  Hollywood  Way,  Burbank,  California.  An  equal  oppor- 

tunity employer. 

LOCKHEED CALIFORNIA  COMPANY 
A    DIVISION    OF    LOCKHEED  CORPORATION 
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THE  COVER 

Free  World's  first  orbiting  astronaut  made 
historic  MA-6  shot  a  three-orbit  success  by 
taking  personal  control  of  spacecraft.  U.S. 
manned  orbit  program  will  be  accelerated. 
Special  M/R  reports  starts  on  p.  13. 
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There  on  your  right  — the  new  CEC  GR-2800  Recorder/ 

Reproducer.  Inside  its  76-inch  cabinet,  there's  a  complete  14 

channel  record/reproduce  system  and  servo  — all  with  solid 

state  circuitry  for  greater  inherent  reliability.  Other  features: 

magnetic-amplifier-controlled  tape  tension,  which  eliminates 

normal  tape  deformation;  plug-in,  interchangeable  amplifiers; 

six  speeds  from  1%  to  60  ips;  and  components  that  can  all 

be  reached  from  the  front.  Call  your  nearby  CEC  office  or 

write  for  CEC  Bulletin  2800-X11. 
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Small  Business  Apathy? 

To  the  Editor: 

Your  Dec.  11  editorial  ("Two  Sides 
of  the  Patent  Coin")  gave  only  an  edge- 
on  glimpse  of  the  coin.  Your  conclusion, 
however,  that  "the  major  firms  will  find 
little  support  from  small  business"  is  well- founded.  In  the  extensive  hearings  con- 

cerning Federal  patent  policy  held  by  the 
Senate  Subcommittee  on  Patents,  Trade- 

marks, and  Copyrights,  very  few  repre- 
sentatives of  small  business  had  enough 

interest  in  the  battle  to  appear  before  the 
subcommittee.  The  battle  for  patent  rights 
is  a  fight  between  "big"  business  and  the 
government. In  Fiscal  1961,  99.8%  in  dollar  vol- 

ume of  all  prime  contracts  for  research 
and  development  (excluding  those  for  less 
than  $10,000)  was  awarded  by  the  De- 

partment of  Defense  to  500  contractors. 
Of  this  500,  110  were  government  agen- 

cies, universities  or  other  non-profit  insti- 
tutions. Of  the  remaining  390  "private" 

contractors,  the  top  25  is  in  the  "big" business  class. 
The  big  military  contractors  do  most 

of  the  R&D  work  themselves  and,  as  a 
corollary,  the  amount  of  work  that  is  sub- 

contracted is  an  extremely  small  percent- 
age of  the  prime  R&D  contracts.  More- 

over, the  small  amount  of  R&D  work  that 
is  subcontracted  is  commonly  awarded  to 
the  "big"  companies. 

Where  a  small  business  makes  an  in- 
vention, the  research  and  developmental 

costs  are  usually  paid  out  of  the  private 
funds  of  the  business.  Not  having  a  sub- 

stantial part  of  the  government-financed 
R&D  work,  the  small  businesses  are  con- 

tent to  let  the  big  military  contractors 
bear  the  battle.  The  attitude  of  small  busi- 

ness toward  the  outcome  of  the  fight  up  to 
now  has  been  one  of  indifference. 

The  DOD  policy  of  indiscriminately 
permitting  its  military  contractors  to  re- 

tain commercial  rights  in  inventions  made 
in  the  performance  of  R&D  contracts  is 
certain  to  have  an  adverse  effect  upon 
small  business.  A  recent  study  of  the  same 
Senate  Subcommittee  has  shown  that 
though  many  such  inventions  are  patented, 
few  are  used  in  commercial  products  made 
by  the  contractor.  Since  the  contractors, 
generally,  have  no  commercial  products  to 
protect,  why  do  the  contractors  want  the 
commercial  rights  to  the  inventions?  The 
answer  is  evident.  The  military  contractors 
hope  to  control  newly  developing  fields  of 
commercial  enterprise  through  their  pat- 

ents. The  probable  course  of  the  military 
contractor  would  be  to  at  first  control  the 
incipient  field  by  exacting  royalties  for  use 
of  the  patented  invention.  When  the  field 
develops  to  the  stage  where  it  is  lucrative, 
the  military  contractor  may  be  expected  to 
insert  himself  into  the  field  through  the 
leverage  of  his  patents. 

As  a  general  rule,  the  smaller  businesses 
initially  develop  the  new  fields  of  com- 

mercial enterprise.  For  any  business, 
whether  large  or  small,  to  assume  the  risks 

missiles  and  rockets,  February  26,  1962 



of  pioneering  new  commercial  fields  and 
then  be  compelled  to  pay  royalties  to  a 
patent  owner  who  made  his  invention  in 
the  performance  of  a  relatively  riskless 
governmental  R&D  contract  and  did 
nothing  with  the  invention  except  patent 
it,  is  extremely  dispiriting  and  tends  to 
dampen  the  initiative  of  the  enterprising 
to  enter  new  commercial  fields. 

Louis  L.  Orenbuch 
Boston 

Lunar  Solar  Energy 
To  the  Editor: 

In  reference  to  your  article,  "AF  Lec- 
tures Cover  Host  of  Lunar  Problems" 

(M/R,  Jan.  22,  p.  28),  I  would  like  to 
bring  out  some  interesting  points  regarding 
the  lunar  day  and  night.  The  report  men- 

tioned the  necessity  of  nuclear  power  as  a 
source  of  photosynthetic  regeneration  of 
the  environment  in  the  absence  of  the  sun 
for  half  the  time,  and  the  sun  itself  would 
be  a  very  rich  source  of  energy  during  the 
two-week-long  lunar  day. 

I  have  an  idea  that  there  are  portions 
of  the  moon  which  are  continually  basking 
in  sunlight,  so  that  a  solar  generator  placed 
in  these  locations  would  provide  this  eco- 

nomical energy  at  all  times.  This  thought 
takes  a  small  amount  of  research  and  cal- 

culation: it  is  a  fact  that  the  moon  has  a 
pole  which  is  directed  toward  a  fixed  point 
in  space,  so  that  the  moon,  like  the  earth, 
has  tropics  and  an  arctic  circle.  These 
zones,  however,  are  not  as  clearly  defined 
as  the  earth's  because  the  moon's  motions 
are  much  more  complex  and  variable.  But 
from  data  in  the  American  Ephemeris 
almanac,  we  find  that,  through  the  years, 
the  moon's  arctic  circle  is  never  further 
than  two  degrees  of  arc  from  its  pole  (as 
compared  with  23 Vi  degrees  for  the  earth). 
In  other  words,  from  a  level  vantage  point 
on  the  pole  of  the  moon,  there  will  be  six 
months'  midnight  sun  when  the  sun  reaches a  maximum  altitude  of  less  than  two 
degrees  above  the  horizon;  and  six  months 
of  darkness  when  the  sun  dips  a  maximum 
of  less  than  two  degrees  below  the  horizon. 

Now  suppose  we  place  a  generator  on 
a  mountain.  We  find  from  trigonometry 
that  the  lunar  horizon  "dips"  two  degrees 
from  a  mountain  just  3500  ft.  high.  If 
such  a  mountain  were  located  upon  a 
lunar  pole,  or  in  its  immediate  vicinity,  the 
generator  would  be  exposed  to  sunlight  at 
all  times,  provided  that  higher  mountains 
to  not  obstruct  the  horizon.  To  reduce 
the  situation  to  practicality,  we  know  that 
there  are  very  high  mountains,  the  Leibnitz 
Mountains,  near  the  lunar  south  pole. 
Heights  up  to  33,000  ft.  have  been  meas- 

ured, so  that  it  would  not  be  unreasonable 
to  suppose  that  many  of  these  lofty  peaks 
are  in  sunlight  at  all  times,  except  for 
brief  intervals  of  obstruction  from  neigh- 

boring peaks. 
And  if  there  is  worry  about  human 

exposure  to  the  heat,  or  the  rapid  changes 
of  temperature,  I  am  sure  there  would 
be  adjacent  valleys  in  continuous  darkness. 

Brian  T.  O'Leary Astronomy  Graduate  Student 
Georgetown  University 
Washington 
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Almost  as  unexplored  as  the  regions  above  the 

earth's  atmosphere,  the  world  of  inner  space  is 
vitally  important  to  man's  future — scientific, 
economic,  military.  A  pioneer  in  undersea 
technology,  Aerojet-General  has  focused  unre- 

mitting attention  on  the  sea  and  its  potential  for 
more  than  a  decade, 

Our  Scientific 

Specialties: 
Hydrodynamics 
Naval  Architecture 
Marine  Engineering 
Acoustics 

Our 
Products: 

Undersea  Defense  Systems 

Hydropropulsion,  Marine  Vehicles 
Underwater  Intelligence 

Oceanographic  Instrumentation 
Hydrothermodynamics  Underwater  Energy  Sources 

OCEANICS  DIVISION 

CORPORATION 
Azusa,  California 
/*    THE  N 
[GENERAL]  a  subsidiary  of  the  general  tire  and  rubber  company 
\,  TIRE  J 
Engineers,  scientists:  investigate  outstanding  opportunities  at  Aerojet 



The  Countdown 

WASHINGTON 

More  Confidence  in  Centaur 

NASA  and  Defense  Department  officials  have  given 
the  lagging  Centaur  booster  a  vote  of  confidence  by 
ordering  the  start  of  construction  on  Centaur  pad  36-B 
at  Cape  Canaveral.  Probability  that  the  first  Centaur 
launch  will  slip  to  late  April  means  it  will  be  nearly  one 
year  behind  schedule. 

Air  Force  White  Paper 

Air  Force  now  is  preparing  a  White  Paper  on  its 
proposed  space  role.  This  will  be  used  to  support  a  major 
drive  on  the  Hill  and  in  the  press  for  an  expanded  mili- 

tary space  capability. 

A  Blackeye  for  Redeye 

Plans  for  immediate  production  of  the  Army's  Gen- 
eral Dynamics/ Pomona  Redeye  shoulder-fired  antiaircraft 

missile  have  been  cancelled.  Reason:  tests  of  the  20-lb. 
bazooka-type  weapon  have  not  gone  well.  The  missile 
also  was  intended  for  NATO  use. 

British  Test  in  Nevada 

A  United  Kingdom  nuclear  device  scheduled  for 
testing  soon  at  the  Atomic  Energy  Commission's  Nevada 
proving  ground  is  a  warhead  for  British  missiles.  If  suc- 

cessful, the  British  will  press  in  Washington  for  its  stand- 
ardized use  by  all  Western  powers. 

Air  Force  Secret  Satellite 

The  secret  satellite  launched  by  the  Air  Force  from 
Vandenberg  AFB  on  Feb.  21  (see  p.  10)  was  a  Dis- 

coverer-type, not  a  Samos.  The  service  apparently  has 
realized  it  is  impossible  to  classify  just  one  satellite.  Midas 
also  is  expected  to  disappear  behind  the  new  security 
curtain. 

Decisions  Pending  on  Solid  Boosters 

NASA  and  Department  of  Defense  still  are  mulling 
over  three  sizes  of  large  solid  boosters — 120-in.,  156-in. 
and  240-in.  Outlook  is  that  only  two  will  be  selected. 
With  the  RFP  now  out  on  the  120-in.,  the  move  may  be 
directly  to  240-in.  without  an  intermediate  step. 

INDUSTRY 

Republic  Turns  Attention  to  Space 

Watch  for  a  strong  move  by  Republic  Aviation  into 
the  missile/ space  field.  Top  company  officials  have  been 
meeting  at  a  Florida  hideaway  to  re-set  the  firm's  direc- 

tion. This  follows  Air  Force  termination  of  portions  of 
the  F-105D  interceptor  contract.  Most  likely  avenue  in 
meeting  the  crisis:  a  drive  for  big  returns  on  the  $14- 
million  Paul  Moore  Space  Research  Center  dedicated 
last  May. 

New  Boss  for  Advent 

Col.  Joseph  W.  Johnston,  deputy  chief  of  research 
and  development,  office  of  the  Chief  Signal  Officer,  will 
assume  command  of  the  U.S.  Army  Advent  Management 
Agency  at  Fort  Monmouth,  N.J.,  in  an  Army  re-shuffle. 
He  has  been  nominated  for  promotion  to  brigadier 

general. 

Bids  Due  on  Project  Fire 

Eighteen  firms  have  been  invited  by  NASA  to  sub- 
mit bids  on  the  Project  Fire  spacecraft  by  March  12. 

Two  of  the  200-lb.  research  spacecraft,  designed  to  ex- 
plore re-entry  heating,  will  be  launched  over  the  next 

three  years.  Re-entry  speed  will  be  24,500  mph. 

Bidders  Conference  on  RIFT 

Three  firms  have  been  invited  to  attend  the  RIFT 
bidders  conference  at  Marshall  Space  Flight  Center  on 
March  1:  General  Dynamics/Astronautics.  Martin 
Marietta  Corp.  and  Lockheed  Missile  and  Space  Co.  The 
winner  will  design  and  develop  the  nuclear  rocket  stage 
to  be  used  for  flight-testing  the  NERVA  nuclear  rocket 
engine.  Proposals  for  RIFT  {Reactor-ln-F light-Test) will  be  due  in  one  month. 

INTERNATIONAL 

Names  in  the  French  News 

Georges  Fleury,  chairman  of  SEPR,  the  French  com- 
pany which  specializes  in  manufacture  of  rocket  engines, 

has  been  elected  chairman  of  the  French  Astronautical 
Society,  replacing  Professor  Edmond  Brun  .  .  .  the 
French  government  has  approved  the  nomination  of 
Professor  Pierre  Auger  as  chairman  of  the  French  Na- 

tional Center  for  Space  Research  (CNES)  .  .  .  Dean 
Joseph  Perez,  elected  chairman  of  the  International 
Federation  of  Astronautics  last  October,  died  in  Paris 
Feb.  12  while  undergoing  a  surgical  operation.  He  was 
72. 

British  Satellite  TV  Contract 

Britain's  General  Post  Office  has  awarded  a  contract 
to  Pye  Telecommunications  Ltd.  of  Cambridge  for  a 
microwave  link  between  Plymouth  and  Goonhilly  Downs, 
where  the  ground  station  for  transatlantic  communica- 

tions satellites  is  being  located.  Link  will  carry  British 
TV  programs  to  Goonhilly  for  relay  to  the  U.S.  ground 
station  at  Andover,  Maine,.  Equipment  will  be  suitable 
for  405,  525  and  625-line  transmissions. 

U.S.  Helps  U.K.  IR  Program 

A  joint  Anglo-American  test  program  for  IR  homing 
missiles  has  just  been  completed  at  Edwards  AFB,  Calif. 
Tests,  employing  a  de  Havilland  Comet  1A  flying  labora- 

tory and  a  B-58,  were  designed  to  measure  infrared 
radiation  from  a  supersonic  aircraft.  They  were  con- 

nected with  the  development  of  the  de  Havilland  Red 
Top  and  Firestreak  infrared  air-to-air  missiles. 
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Hydro -Space  News 

FOR  INSTANTANEOUS  ACTION... ANYWHERE 

cartridge  actuated  devices 

The  capsule  shown  above  represents  the  latest  word  in  safe,  fast,  emer- 
gency ejection  of  pilot  or  crew  members  from  aircraft.  Developed  for 

use  in  the  B-58,  it  affords  complete  protection  for  the  pilot  during 
ejection  and  descent,  and  maximum  chance  of  survival  on  landing. 

Much  of  its  operational  effectiveness  is  a  result  of  cartridge  actuated 
devices  developed  and  manufactured  by  Hydro-Space  Technology 
Incorporated. 

Hydro-Space  is  well  qualified,  through  its  capabilities  and  depth  of 
experience,  for  critical  work  of  this  nature.  Our  operations  are  char- 

acterized by  a  creativity  that  is  presently  making  important  contribu- 
tions to  the  understanding  of  ignition  and  combustion  phenomena  and 

their  practical  application... by  emphasis  on  quality  control  to  assure 
adherence  to  top  standards  at  every  point  from  initial  procurement  of 
raw  materials  through  production  and  shipment ...  on  reliability  of 
performance,  as  reflected  in  every  aspect  of  design,  engineering,  pro- 

duction and  testing. 

Hydro-Space  has  developed  cartridge  actuated  devices  to  perform  a 
large  variety  of  tasks  in  the  fields  of  aeronautics,  missiles  and  under- 

water research.  Typical  devices  include : 

□  THRUSTERS  □  EXPLOSIVE  BOLTS  □  CABLE  CUTTERS 
□  VALVES  □  GAS  GENERATORS  □  CARTRIDGES 

For  further  information  ask  your  secretary  to  request  on  your  letter- 
head a  copy  of  our  booklet,  "Cartridge  actuated  devices  &  oceano- 

graphic  equipment. . ." 

/D=OST  Hydro:  Spaceo  Technojogy  / 
DEPT.  B-2,  WEST  CALDWELL,  NEW  JERSEY  •  CAPITAL  8-0440 

The  Missile / Space 

Shots  of  the  Week 

•  Mercury  Atlas-6,  with  Lt.  Col. 
John  Glenn  aboard  the  Friendship  7 
capsule,  was  launched  from  Cape 
Canaveral  at  9:47  a.m.  Feb.  20  and 
recovered  after  three  earth  orbits. 
(See  special  report  beginning  on  p. 

13.) 

•  A  secret  satellite  was  launched 
into  orbit  by  the  Air  Force  from 
Vandenberg  AFB  on  Feb.  21. 

Powered  by  a  Thor-Agena  B 
booster,  the  satellite  carried  a  num- 

ber of  classified  components.  No 
other  information  was  released. 

•  Earlier  in  the  week,  an  AF 
Minuteman  ICBM  was  launched 
from  its  silo  at  Cape  Canaveral  and 
arched  some  3900  miles  down  the 
Atlantic  Missile  Range.  It  was  the 
fifth  successful  silo  test  of  the  solid- 
fueled  missile. 

•  An  operational  training  launch 
of  an  Atlas  ICBM  was  made  from  a 
"coffin"  silo  at  Vandenberg  AFB  on 
Feb.  16. 

•  A  Pershing  missile  was 
launched  Feb.  19  from  Cape  Can- 

averal in  a  rigorous  test  of  its  in- 
ertial  guidance  system. 

Preplanned  pitch  and  yaw  man- euvers were  introduced  to  test  the 

guidance  system's  ability  to  bring  the missile  back  on  course. 
Although  exact  range  of  the 

flight  was  not  disclosed,  the  Army 
said  the  firing  exceeded  the  range  of 
the  200-mile  Redstone,  and  went 
farther  than  any  previous  Pershing 
launch. 

Army  Shakeup  Approved 
The  most  drastic  shakeup  of  the 

Army  since  the  reorganization  of 
1953  will  move  ahead  with  the  tacit 

approval  of  Congress. 
Failure  of  the  House  and  Senate 

Armed  Services  Committees  to  ob- 

ject to  the  Army's  plan  by  midnight, 
Feb.  16,  in  effect  constituted  official 
endorsement. 

The  plan  proposes  to: 
—Create  a  Materiel  Development 

and  Logistic  Command  which  would 
assume  the  development,  procure- 

ment and  supply  functions  now  per- 
formed by  six  of  the  seven  technical services. 
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Week 

—Assign  virtually  all  of  the 
Army's  training  function  to  the  U.S. 
Continental  Army  Command,  includ- 

ing training  of  individuals  and  units 
of  the  technical  services  as  well  as 
the  Combat  Arms. 

—Establish  an  Army  Combat 
Developments  Command  to  develop 
future  organizational,  operational  and 
material  requirements. 

Patterned  to  a  large  extent  after 
the  recent  Air  Force  reorganization, 
the  Army  plan  apparently  was  in- 

itiated at  the  insistence  of  Secretary 
of  Defense  McNamara. 

With  the  official  go-ahead  from 
Congress,  the  Army  plans  to  devote 
the  next  3-6  months  to  final  organi- 

zational details  of  the  new  commands. 
Commanders  are  expected  to  be 

named  for  the  Materiel  and  Combat 
Development  Commands  in  the  near 
future,  to  ensure  that  the  planned 
18-month  reorganization  is  effected 
without  disruption. 

MA-6  Miscellany 

Soviet  Premier  Khrushchev  con- 

veyed "hearty  congratulations"  to 
President  Kennedy  and  best  wishes 
to  Lt.  Col.  John  Glenn  for  the  suc- 

cessful MA-6  flight.  Glenn  also  re- 
ceived greetings  from  Soviet  Cos- 

monauts Yuri  Gagarin  and  Gherman 
Titov. 

At  the  same  time,  the  Russian 
Premier  proposed  that  the  United 
States  and  Russia  pool  their  efforts 
for  future  space  exploration. 

Such  an  effort,  Khrushchev  de- 

clared, would  be  acclaimed  "by  all 
peoples  who  would  like  to  see  scien- 

tific achievements  benefit  man  and 

not  be  used  for  'cold  war  purposes 
and  the  Arms  Race." 

President  Kennedy,  at  his  news 
conference  last  week,  said  he  re- 

garded the  Soviet  leader's  proposal 
as  "most  encouraging". 

Amplifying  on  this  in  reply  to  a 
question  from  a  newsman,  the  Presi- 

dent said  that  "when  men  reach  be- 
yond this  planet  they  should  leave 

their  national  differences  behind 

them." 
—John  Glenn  confirmed  Cosmo- 
naut Gagarin's  contention  that,  while 

in  orbit,  he  could  see  plowed  fields 

missiles  and  rockets,  February  26,  1962 

on  earth  a  hundred  miles  below. 
Glenn  said  he  had  been  able  to 

pick  out  irrigating  ditches  and  fields 
near  El  Centro,  Calif.,  due  to  the 
contrast  with  the  desert  background. 

—Perth,  Australia,  made  certain 
Astronaut  Glenn  would  be  able  to 
see  the  city  by  turning  on  every  light 
in  the  town  and  using  every  conceiv- 

able reflecting  surface,  including  bed 
sheets,  for  illumination. 

—As  the  MA-6  capsule  touched 
the  water  of  the  Atlantic  Ocean,  it 
signalled  the  go-ahead  for  300  post 
offices  across  the  country  to  begin 
issuing  a  special  commemorative 
stamp  hailing  the  orbital  shot. 

The  blue-and-yellow  four-cent 
stamp  had  been  secretly  printed  and 

distributed  prior  to  the  Astronaut's 
flight. 

—  Scientists  are  anxious  to  ques- 
tion Glenn  about  the  "little  luminous 

particles"  he  reported  seeing  at  sun- 
rise from  his  space  capsule. 
The  Astronaut  also  reported  a 

bright  band  of  orange  and  blue  light 
above  the  horizon  at  sunset.  The 
band,  he  said,  appeared  to  persist  for 
a  considerable  period  after  the  sun 
went  down. 

S-16  Launch  Tuesday 

NASA's  Orbiting  Solar  Observa- 
tory is  scheduled  for  launch  Feb.  27 

from  Cape  Canaveral.  The  440-lb. 
spacecraft  will  be  put  in  a  300-nau- 
tical-mile  circular  orbit  by  a  three- 
stage  Delta  booster. 

The  S-16  satellite — designed  for 
six-months  operation — is  expected  to 
provide  the  first  comprehensive  study 
of  the  sun  and  its  periodic  violent 
eruptions. 

The  first  of  a  series  of  OSO  vehi- 
cles, 5-76  carries  13  different  experi- 

ments which  depend  largely  on  a 
pointing  accuracy  of  about  one  min. 
of  arc. 

The  OSO  program — designed  to 
study  the  sun  over  an  entire  11 -year 
solar  cycle — is  expected  to  cost  about 
$85  million  through  1966. 

5-77  (OSO-2)  is  scheduled  for 
launch  in  October  with  similar  vehi- 

cles scheduled  periodically  through- 
out 1963.  5-67 — an  advanced  OSO 

weighing  over  700  lbs. — will  be 
ready  in  1964.  In  all,  some  15-18 
vehicles  may  be  used  in  the  OSO 

program. 

CHRISTIE  ANNOUNCES 

100-200-250-400-600  AMR 

TRANSIENT  FREE 

D-C  POWER  SUPPLIES 

Recovery 

Time 

50  Microsec. 

Some  200  other  Power  Supply  and  Battery  Charger 
Models  in  the  range  of  15  to  1500  amp.  Write  for  catalog. 
CHRISTIE  ELECTRIC  CORP. 
Over  30  Years  D-C  Power  Supplies  •  Battery  Cha  ge  ; 
3402R  West  67th  Street,  Los  Angeles  43,  California 
Circle  No.  13  on  Subscriber  Service  Card 
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more  than  15  years  of 
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THERE'S  NO  SUBSTITUTE  FOR  EXPERIENCE 

Orbital  Satellite  Tracking  —  Discoverer,  Midas,  Mercury  —  Over  three  years  of  proven  field 
experience  in  all  aspects  of  satellite  tracking. 

Down-Range  Tracking  —  Reeves  equipment,  installed  in  the  early  days  of  Canaveral  and 
White  Sands,  is  still  functioning  with  proven  accuracy  after  nine  years  of  continuous  use. 

Radar  Bomb  Scoring  —  Fifteen  years  of  proven  experience  in  the  design,  installation,  and 
servicing  of  complex  radar  equipment  for  the  scoring  of  simulated  bombing  runs. 

Whatever  your  radar  requirements  may  be,  Reeves  has  technical,  production,  and  field- 
proven  experience  to  meet  your  requirements. 

REEVES     INSTRUMENT  CORPORATION 

A  Subsidiary  of  Dynamics  Corporation  of  America  .  Roosevelt  Field,  Garden  City,  New  York 
8RV61 
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MA-6  Speeds  Spaceflight  Plans 

At  least  five  or  six  more  manned  shots  likely 

before  18-orbit  series;  officials  laud  '700%  success' 
by  Hal  Taylor 

Cape  Canaveral — Marine  Lt.  Col. 
John  H.  Glenn's  successful  three-orbit 
flight  around  the  earth  in  the  MA-6 
Mercury  space  capsule  on  Feb.  20  is 
bringing  an  immediate  step-up  in  the 
U.S.  manned  spaceflight  program. 

An  additional  five  or  six  three-orbit 
manned  flights  now  will  be  attempted. 

That  is  the  word  from  D.  Brainerd 

Holmes,  director  of  NASA's  Office  of 
Manned  Space  Flight,  who  told  Mis- 

siles and  Rockets  the  new  flights  will 
be  attempted  at  two-month  intervals. 

"MA-7  will  go  as  soon  as  we  feel 
we  are  ready,"  he  said. 

Holmes  estimated  that  "five  or  six" 
such  flights  will  be  made  before  the 
series  ends  with  the  first  of  NASA's 
planned  18-orbit  flights  using  a  modi- 

fied McDonnell  capsule. 
He  also  confirmed  an  M/R  report 

(Jan.  29,  p.  18)  that  the  first  18-orbit 
flight — previously  scheduled  for  this 
year — is  slipping  into  1963. 

Earlier,  NASA  had  said  only  four 
orbital  flights  would  be  attempted  in 
1962.  In  addition,  it  was  indicated  that 
if  the  first  two  were  successful  the  other 
three-orbit  flights  might  be  dropped. 

That  schedule  now  has  been  accel- 
erated. Holmes'  two-month  scheduling does  not  take  into  account  technical  and 

weather  delays  which  historically  have 
forced  three-month  breaks  between 
Project  Mercury  shots. 

Holmes,  however,  is  the  boss  of 
manned  space  programs.  Other  NASA 
officials  refused  to  deny  or  take  issue 

with  the  new  schedule. 
The  additional  flights,  Holmes  said, 

are  needed  for  further  astronaut  train- 
ing, new  medical  tests  and  checkout  of 

possible  new  equipment  such  as  attitude 
control  and  communications. 

He  lauded  Project  Mercury  as  "a 
good  engineering  program." •  Man  upgraded  —  His  comments 
came  shortly  after  Astronaut  Glenn 
made  his  historic  three  orbits  of  the 
earth  in  the  spacecraft  Friendship  7, 
becoming  the  first  American  and  the 
third  man  to  make  a  successful  orbital 
flight. 

Russia's  Yuri  Gagarin  completed  a 
one-orbit  flight  on  April  12,  1961, 
while  Soviet  Cosmonaut  Gherman  Titov 
achieved  17  orbits  last  August  6. 

GLENN  BEGAN  4-hr.,  56-min.  trip  at  9:47  a.m.,  when  Atlas 
booster  lifted  off  in  perfect  ascent  with  Friendship  capsule. 

SHORTLY  AFTER  3  p.m.,  capsule  was  hauled  aboard  USS  Noa. 

Earlier,  Glenn  described  re-entry  heat  as  "a  real  fireball." 
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Glenn's  flight  gave  a  tremendous 
boost  to  the  U.S.  manned  spaceflight 

program.  Of  major  significance:  it's proof  that  man  can  achieve  in  space 
what  instruments  alone  cannot.  It  was 
clear  after  the  flight  that  the  full  three- 
orbital  mission  could  not  have  been 
completed  without  Glenn  at  the  con- 

trols of  Friendship  7. 
This  drew  the  comment  from  Wal- 
ter C.  Williams,  assistant  director  of  the 

Manned  Spacecraft  Center,  that  "We 
not  only  put  a  U.S.  man  into  space  but 
we  also  very  definitely  showed  how  man 
could  perform  in  space." 

•  Lucky  eleventh  —  The  long- 
delayed  liftoff  of  Friendship  7  from  the 
pad  at  Cape  Canaveral  came  at  9:47 
a.m.  EST.  The  spacecraft  touched  down 
in  the  Atlantic  Ocean  166  mi.  east  of 
Grand  Turk  Island  in  the  Bahamas  at 
2:43  p.m.,  4  hrs.  56  min.  26  sec.  later. 

With  Glenn  still  aboard  and  in 

"excellent  condition,"  the  spacecraft 
was  fished  from  the  water  by  the  de- 

stroyer Noa  21  min.  later.  The  astro- 
naut was  transferred  to  the  aircraft  car- 

rier Randolph  and  then  to  Grand  Turk 
for  a  medical  examination. 

The  successful  MA-6  launch  came 
after  10  weather  or  technical  postpone- 

ments since  mid-January.  Plagued  for 
almost  a  week  by  bad  weather  in  the 
Atlantic  rescue  areas,  it  finally  lifted 
from  the  pad  following  four  minor  tech- 

nical holds  during  the  countdown. 
A  transponder  in  the  Alias  guidance 

system  and  a  faulty  microphone  in 
Glenn's  helmet  had  to  be  replaced. 
Later,  a  power  loss  stopped  the  Ber- 

muda tracking  station's  computers  and 
a  broken  bolt  had  to  be  replaced  in  the 
capsule's  hatch. 

On  lift-off,  the  General  Dynamics/ 
Astronautics  Atlas  D  booster  functioned 
perfectly.  North  American  Aviation's 
two  Rocketdyne  main  booster  engines 
generated  150.000  lbs.  each,  with  the 
sustainer  providing  an  additional  60.000 
lbs.  thrust.  The  General  Electric/ Bur- 

roughs guidance  system  set  MA-6 
squarely  on  course  for  orbital  injection 

at  a  velocity  of  25,728  ft. /sec. 

During  the  flight,  Glenn's  capsule reached  a  top  speed  of  17,545  mph. 
Each  orbit  lasted  88.29  min.  with  a 
perigee  of  86.4  n.  mi.  and  an  apogee 
of  141.2  n.  mi.  Its  inclination  was 

32.54°. The  flight  covered  some  81,000  mi. 

and  subjected  Glenn  to  8  g's  accelera- tion twice  during  launch  and  a  little 
over  that  figure  during  re-entry. 

Performance  included  first  extended 

manned  control  of  a  spacecraft's  atti- tude in  orbit.  Much  new  information  of 
value  to  space  medicine  was  obtained 
(see  p.  16). 

•  U.S.  'first'  —  Glenn's  extensive 
manual  control  of  the  spacecraft  was 
an  unexpected  development  of  the  flight. 
He  used  the  so-called  "fly-by-wire" 
setup,  in  which  the  pilot  moves  the  con- 

trol handle  to  electrically  operate  valves 
in  the  system.  The  valves  control  the 
hydrogen-peroxide  jets  which  provide 
the  reaction  thrust  necessary  to  shift 
the  attitude  of  the  spacecraft  in  yaw, 
roll  and  pitch.  Backup  to  this  is  an  all- 
mechanical  linkage  system. 

The  American  Astronaut's  use  of  the 
manual  system  was  hailed  as  an  achieve- 

ment unmatched  by  the  Soviet  Union. 
The  Russians  have  indicated,  however, 
that  Titov  did  control  the  attitude  of  his 
spacecraft  manually. 

•  Malfunctions  —  NASA  officials 
lauded  the  Friendship  7  flight  as  per- 

fect— "a  100  percent  success."  But 
there  are  at  least  two  technical  malfunc- 

tions which  will  be  investigated  closely 
during  the  remaining  three-orbit  flights: 

—  Automatic  altitude  control  sys- 
tem— As  described  by  Glenn,  the  diffi- 

culty cropped  up  in  this  system  as  the 
first  orbit  was  almost  complete.  It  began 
as  the  spacecraft  passed  over  the  Guay- 
mas,  Mex.,  tracking  station.  The  cap- 

sule appeared  to  drift  off  in  yaw  to  the 
right  at  about  one-degree  per  second. 
After  hitting  the  20-degree  point,  it 
went  into  orientation  mode  and  re- 

turned to  zero.  It  was  at  this  point  that 
Glenn  went  to  "manual"  control. 

Spaceflight  Score  Box 
GLENN TITOV GAGARIN 

DATE FEB.  20,  T962 AUG.  6,  1961 APR.  12,  1961 
TYPE  SHOT Orbiral Orbital Orbital 
NUMBER  OF  ORBITS 3 

17 
1 

NAME  OF  CRAFT Friendship  7 Vostofc  // Vosfolc  / 
APOGEE/PERIGEE  (miles) 162/99 159.3/1  10.3 187.75/110 
DISTANCE  (miles) 8?, 000 434,960 25,000 TOP  SPEED  (mph) 17,545 17,750 17,400 
FLIGHT  TIME 4  hrs.  56  min. 25  hrs.  IS  min. 108  min. 
CRAFT  WEIGHT  (lbs.) 4200 10,430 10,460 
ROCKET  THRUST  (lbs.) 360,000 800,000 800,000 
WEIGHTLESSNESS 4  hrs.  45  min. 24  hrs.  59  min. 89.1  min. 

In  the  automatic  system,  gyroscopes 
govern  attitude  of  the  capsule.  There 
are  four  jets  for  the  roll  axis,  four  for 
pitch,  four  for  yaw.  Two  jets  of  each 
set  of  four  have  a  thrust  of  only  one  lb.; 
the  others  each  produce  a  24-lb.  thrust. 
The  small  jets  are  designed  for  minor 
corrections,  the  larger  jets  for  control 
of  more  violent  attitude  changes.  With 
the  small  jets  malfunctioning  on  the 
Glenn  flight,  the  large  jets  were  cutting 
in  automatically  when  the  capsule 
drifted  to  preset  limits,  thereby  increas- 

ing the  consumption  of  hydrogen- 

peroxide. According  to  Williams,  the  malfunc- 
tion encountered  by  Glenn  was  similar 

to  that  which  occurred  on  the  roll  jets 
during  the  second  orbit  of  the  MA-5 
flight  last  Nov.  29,  with  the  chimpanzee 
Enos  aboard.  It  was  necessary  to  abort 
that  mission  after  two  orbits. 

The  "fly-by-wire"  system  is  not  the 
full  manual  system,  since  it  still  con- 

nects electronically  to  the  same  jets 
used  in  the  completely  automatic  sys- 

tem. But,  by  exercising  manual  control 
of  the  electronic  system,  Glenn  was  able 
to  reduce  the  excess  hydrogen-peroxide 
consumption — signalled  by  a  red  fuel- 
warning  light  as  well  as  the  yawing  of 
the  spacecraft  to  both  left  and  right. 

Late  in  the  flight,  Glenn  switched  to 
the  full  manual  system  which  uses  a 
set  of  six  different  jets,  two  for  each 
axis. 

NASA  officials  were  unable  to  deter- 
mine immediately  the  cause  of  the  prob- 
lem. One  suggested  a  loose  connection 

might  be  responsible. 
—Heat  shield  —  Prior  to  re-entry, 

there  was  a  telemetry  indication  that 
the  heat  shield  was  separating  prema- 

turely from  the  capsule,  which  could 
have  resulted  in  a  final  searing  catastro- 

phe for  Astronaut  Glenn  and  the  Friend- 
ship 7.  To  guard  against  this,  the  retro- 

pack  was  retained  with  the  thought  that 
its  straps  would  hold  the  shield  in  place 
until  they  melted.  By  then,  it  was  esti- 

mated, atmospheric  pressure  might  be 
sufficient  to  hold  the  shield  in  place. 

The  fears  were  unnecessary.  Fol- 
lowing close  examination  of  the  capsule, 

NASA  reported  that  the  shield  did  not 
separate  from  the  capsule  until  main 
chute  deployment,  as  scheduled — leaving 
a  faulty  telemetry  signal  from  a  micro- 
switch  as  the  probable  villain. 

•  Egress  —  One  final  problem 
cropped  up  when  Glenn  was  unable  to 
leave  the  spacecraft  through  its  neck. 
This  is  the  planned  exit-route  from  the 
capsule  for  a  water  landing.  Following 
about  20  min.  of  effort  while  the  cap- 

sule was  on  the  Noa's  deck,  Glenn  gave 
up  and  blew  the  explosive  hatch.  Dur- 

ing all  this,  he  suffered  his  only  apparent 
injury  of  the  flight — a  pair  of  skinned 
knuckles.  8 
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Excerpts  from  Message  Transcript 

(This  edited  transcript  of  conversation 
between  Astronaut  John  H.  Glenn  Jr. 
and  Project  Mercury  ground  stations  is 
compiled  from  Missiles  and  Rockets 
recordings,  wire  service  reports  and  the 
unofficial  NASA  transcript.) 
Glenn:  Five-four-three-two-one- 
zero.  Liftoff.  The  clock  is  operating.  We 
are  under  way. 
Cape:  Roger,  read  you  loud  and  clear. 
We  are  programing  it,  all  okay. 
Glenn:  It  is  bumpy  along  about  here. 
Cape:  Roger.  Stand  by  for  twenty  sec- 
onds. 
Glenn:  Roger. 
Cape:  Three-two-one.  Mark. 
Glenn:  Roger.  Back-up  clock  is  started. 
Fuel  102,101.  Oxygen  78,  100.  Amps 
27. 
Cape:  Roger,  loud  and  clear.  Flight 
path  is  good. 
Glenn:  Roger,  checks  okay.  Minus  7 
on  your  mark.  Some  vibration  area 
coming  up  now  .  .  .  Coming  into  high 
Q  a  little  bit.  A  little  contrail  went  by 
the  window,  or  something  there. 
Cape:  Roger. 
Glenn:  Fuel  102,  101.  Oxygen  78,  101. 
Amps  24.  Still  okay.  We're  smoothing 
out  some  now,  getting  out  of  the  vibra- 

tion area. 
Cape:  Roger.  You  feeling  max  Q? 
Glenn:  Flight  path  is  very  good.  Pitch 
43.  Cabin  pressure  coming  down  57. 
Okay.  Very  smooth  now. 
Cape:  Roger.  Flight  path  is  good. 
Glenn:  Cabin  pressure  is  holding  at  61. 
Have  had  some  oscillations,  but  they 
seem  to  be  damping  .  .  .  Two  minutes. 
Fuel  is  102,  101.  Oxygen  78,  102.  G's are  building  to  six. 
Cape:  Roger.  Reading  you  loud  and 
clear.  Flight  path  looks  good.  Pitch  25. 
Stand  by  for  staging. 
Glenn:  Roger.  Beco.  Beco.  (booster 
engine  cut-off).  I  could  see  the  tower 
go.  I  saw  the  smoke  go  by  the  window. 
Cape:  Roger.  We  confirm  staging  TM 
(telemetry). 
Glenn:  Roger.  I  still  have  about  one 
and  a  half  G's.  The  tower  went  right then.  I  have  the  tower  in  sight  way  out. 
Cape:  We  confirm  .  .  .  Tower  is  green. 
Glenn:  Roger.  One  and  a  half  G's. 
Cape:  Roger,  seven,  Still  reading  you 
loud  and  clear.  Flight  path  looks  good. 
Glenn:  Auto  retro  jettison  is  off;  emer- 

gency retro  jettison  fuse  switch  off  and 
retro  jettison  fuse  switch  off. 

Cape:  Flight  path  looks  good. 
Glenn:  Roger.  Understand  everything 
looks  good.  G's  starting  to  build  up  a little  bit  .  .  .  Roger,  Bermuda,  stand  by. 
This  is  Friendship  7.  Fuel  103,  101. 
Oxygen  78,  100.  All  voltages  above  25. 
Amps  26. 
Cape:  Roger.  Still  reading  you  loud  and 
clear.  Flight  path  is  very  good.  Pitch 
minus  three. 
Glenn:  Roger.  Check  that.  Minus  seven 
on  your  minus  three. 
Cape:  Seven. 
Glenn:  Friendship  7,  fuel  103,  101.  Ox- 

ygen 78,  100.  Amps  25.  Cabin  pressure 
holding  at  58. 
Cape:  Cape  is  go.  We're  standing  by for  you. 
Glenn:  Cape  is  go  and  I  am  go.  Capsule 
is  in  good  shape. 
Cape:  Roger,  all  systems  go,  seven. 
Glenn:  Oxygen  78,  100.  Cabin  pressure 
holding  steady  at  58.  Amps  is  26.  All 
systems  are  go. 
Cape:  Roger.  Twenty  seconds  to  Seco 
(sustainer  engine  cut-off). 
Glenn:  Roger. 
Cape:  Flight  path  looks  very  good.  Ten 
seconds. 
Glenn:  Seco.  Fired  okay. 
Cape:  Roger.  Stand  by. 
Glenn:  Zero  G  and  I  feel  fine.  Capsule 
is  turning  around.  Oh,  the  view  is  tre- 
mendous. 
Cape:  Roger.  Turnabout  has  started. 
Glenn:  Capsule  turning  around  and  I 
can  see  the  booster  doing  turnarounds 
just  a  couple  of  hundred  yards  behind 
me.  It  looks  beautiful. 
Cape:  Roger,  seven.  You  have  a  go  of 
at  least  seven  orbits. 
Glenn:  Understand  go  for  at  least  seven 
orbits.  This  is  Friendship  7.  Can  see 
clear  back  a  big  cloud  pattern  way  back 
across  toward  the  Cape.  Beautiful  sight. 
Woomera:  Friendship  7,  we  read  you. 
Go  ahead. 
Glenn:  This  is  Friendship  7.  I  had  a  lot 
of  cloud  cover  coming  off  of  Africa.  It 
has  thinned  out  considerably  now  and, 
although  I  can't  definitely  see  the  ocean, 
there's  a  lot  of  moonlight  here  that  does reflect  off  what  clouds  there  are. 
Woomera:  Shortly  you  may  observe  the 
lights  down  there.  You  ought  to  make  a 
check  on  that  to  your  right. 
Glenn:  Roger.  I'm  all  set  to  see  if  I 
can't  get  'em  in  sight. 
Woomera:  Are  there  symptoms  of  ver- 

tigo or  nausea  at  all? 
Glenn:  Negative.  No  symptoms  what- 

soever. I  feel  fine  .  .  .  That  was  about 
the  shortest  day  I've  ever  run  into. Woomera:  Time  passes  rapidly,  eh? 
Glenn:  Yes,  sir  ...  I  have  Pleiades  in 
sight  very  clear.  Picking  up  some  of 
these  star  patterns  now  a  little  better 
than  I  was  just  off  Africa. 
Woomera:  Have  you  sighted  Orion  yet? 
Glenn:  Negative.  Do  not  have  Orion  in 
sight  yet. 
Woomera:  Standing  by  for  your  blood 
pressure  whenever  you  tell  me. 
Glenn:  I'm  already  sending  it.  Do  they 
pick  it  up? 
Woomera:  Roger.  You  are  in  good 
shape. 
Glenn:  I  do  have  a  light  on  the  ground 
.  .  .  Just  to  my  right  I  can  see  a  big 
pattern  of  lights,  apparently  right  on 
the  coast.  I  can  see  the  outline  of  a 
town  and  a  very  bright  light  just  to  the 
south  of  it. 
Woomera:  That  is  Perth  and  Rocking- 

ham you're  seeing  there. Glenn:  The  lights  show  up  very  well. 
Thank  everybody  for  turning  them  on. 
Woomera:  We  have  your  blood  pressure 
now.  It  reads  126  over  90.  Let's  have the  results  of  your  physiologic  tests. 
Glenn:  I  have  had  no  ill  effects  at  all 

as  yet  from  any  zero  G.  It's  pleasant, in  fact.  Visual  acuity  is  still  excellent. 
No  astigmatic  effects.  My  head  move- ments cause  no  nausea  or  discomfort 
whatsoever. 
Cape:  Would  you  give  us  the  difficulty 
you  were  having  in  the  yaw? 
Glenn:  It  just  started  as  I  got  to  Guay- 
mas  and  it  appears  to  drift  off  to  the 
right  about  one  degree  per  second.  It 
would  go  over  to  an  attitude  of  about 
20  degrees,  then  hold,  and  then  when 
it  hits  at  about  a  20-degree  point  it  then 
goes  back  into  orientation  mode  and 
comes  back  to  zero  and  it  was  cycling 
back  and  forth  in  that  mode.  I  am  on 
fly-by-wire  now.  I  am  controlling  man- 

ually. Over. 
Cape:  Roger.  Understand. 
Glenn:  What  appears  to  have  happened 
is  I  believe  I  have  one  pound  thrust  in 
left  yaw,  so  it  drifts  over  out  of  limits 
and  then  hits  it  with  the  high  thrust. 
Cape:  Friendship  7,  we  concur  here. 
Recommend  you  remain  fly-by-wire. 
Glenn:  Roger.  Am  remaining  fly-by- wire. 
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First  Checks  Show 

No  Apparent  III  Effects 

by  Heather  M.  David 

Cape  Canaveral — The  nausea  that 
plagued  Cosmonaut  Gherman  Titov 
seemed  to  be  no  problem  for  American 
astronaut  John  Glenn.  However,  U.S. 
space  medics  took  no  chances  that  he 
would  be  caught  unprepared. 

Along  with  other  emergency  medi- 
cal supplies,  Col.  Glenn's  capsule  car- 
ried several  ampules  and  tablets  of  drugs 

to  counteract  motion  sickness.  He  also 
carried  a  mild  sedative  and  a  mild 
stimulant. 

The  special  injectors,  called  "Astro- 
Pens,"  were  designed  and  made  by  the 
Rodana  Research  Corp.,  Bethesda,  Md. 

The  problem  of  nausea  during  space- 
flight is  one  of  great  concern  to  bio- 

astronautics  experts  in  the  United  States. 
Not  only  is  it  uncomfortable  or  even 
debilitating,  it  is  a  signal  that  some 
stress  is  registering  an  unusual  effect  on 
the  balance  mechanisms — the  organs  of 
the  inner  ear. 

These  effects  also  may  manifest 
themselves  in  dangerous  visual  illusions. 
In  other  words,  the  astronaut  may  "see 
things"  during  accelerations  or  weight- lessness. This  could  affect  his  ability  as 
a  pilot. 

During  their  lengthy  preparation 
for  MA-6,  Mercury  Astronauts  John 
Glenn  and  back-up  pilot  Scott  Carpen- 

ter visited  the  Naval  School  of  Aviation 
Medicine  at  Pensacola,  Fla.  Here  they 
were  indoctrinated  in  two  simple  tests 
they  could  perform  aloft.  Results  of 
these  tests  will  help  determine  what  the 
effects  of  weightlessness  are  on  man's balance  mechanisms. 

In  one  test,  the  astronaut  was  to 
look  steadily  as  a  small  light  in  his 
otherwise  darkened  cockpit.  Under  some 
conditions  of  acceleration,  such  a  light 
will  appear  to  suddenly  "take  off"  in  a random  fashion.  If  it  remained  still,  it 
may  mean  that  visual  illusions  which 
have  caused  many  airplane  crashes  may 
not  occur  during  weightlessness. 

Another  illusion  for  which  the  astro- 
naut was  to  test  is  one  which  occurs 

normally  during  angular  accelerations. 

This  effect,  a  source  of  airplane  acci- 
dents, makes  objects  appear  to  move. 

In  a  smoothly  moving  aircraft,  it  will 
occur  at  .2°/sec-.  However,  since  it 
may  have  been  difficult  to  create  a 
smooth  angular  acceleration  in  the  Mer- 

cury spacecraft,  it  may  not  occur  until 
about  2°/ sec2. 

The  astronaut  also  did  some  head- 
turning  exercises  to  see  if  they  might 

cause  nausea.  In  his  case,  they  didn't. Glenn  consumed  with  no  difficulty 
the  tubes  of  food  and  water  and  malted 
milk  tablets  specially  prepared  for  din- 

ing in  weightlessness. 
Officials  declined  to  try  to  explain 

why  Titov  suffered  "space  sickness"  and Glenn  did  not.  But  they  pointed  out 
that  Titov  apparently  became  sick  after 
six  hours  of  weightlessness. 

•  Biomedical  results  —  Quick-look 
data  showed  that  Glenn  suffered  no 
unusual  changes  in  blood  pressure,  heart 
rate,  respiration  or  temperature  during 
weightlessness.  Although  his  pulse  in- 

creased by  a  factor  of  a  little  less  than 
one-half  during  launch,  physicians  said 

SENSORS  are  attached  to  Glenn's  torso 
prior  to  MA-6  launching.  Officials  re- 

ported the  devices  transmitted  "superbly." 

it  leveled  off  after  some  20  minutes  of 
weightlessness.  They  added  they  did  not 
consider  this  abnormal. 

The  sensing  system  itself  worked 
"superbly."  NASA  said  it  will  take 
about  two  weeks  to  reduce  and  interpret 
all  the  information  it  transmitted. 

Had  anything  gone  wrong,  Glenn 

had  probably  the  world's  most  illustri- ous medical  team  at  his  disposal.  In 
addition  to  emergency  rescue  teams  at 
the  launch  site,  in  the  Bahamas,  Hawaii, 
Bermuda  and  the  Azores,  a  star-studded 
team  of  specialists  was  on  call  for 
consultation. 

These  specialists,  headed  by  USAF 
Medical  Corps  Brig.  Gen.  James  W. 
Humphreys,  had  a  jet  ready  to  transport 
any  one  or  number  of  them  if  the  call 
came  from  astronaut's  personal  physi- 

cian, Dr.  William  K.  Douglas. 
The  crack  medical  team  included  an 

orthopedic  surgeon,  a  plastic  surgeon, 
a  pathologist,  a  radiologist,  an  anesthesi- 

ologist, an  internist  and  a  genitourol- 

ogist. The  medical  stations  set  up  at  the 
launch  site  and  tracking  stations  had 
complete  base-line  data  on  Glenn  (and 
Carpenter)  and  followed  his  medical 
progress.  They  also  had  some  30  pints 
of  blood  cross-matched  with  Glenn's. The  Air  Force  had  63  pararescue 
men  trained  as  SCUBA  (self-contained 
underwater  breathing  apparatus)  divers 
to  rescue  the  astronaut  had  he  been 
plunged  into  the  ocean  and  injured. 

•  Space  suit — The  Mercury  space- 
suit  and  internal  cooling  system  paid 
its  way  when  cabin  temperature  hit 
108°F.  Glenn  "stayed  real  cool,"  as  one 
official  put  it,  as  his  suit  stayed  more 
than  20°  cooler  than  the  cabin. 

The  contract  for  space  suits  to  be 
used  in  Projects  Gemini  and  Apollo  is 
expected  to  be  announced  soon. 

Industry  officials  at  Cape  Canaveral 
for  the  flight  said  that  the  research  and 
development  award  for  the  suit  appears 
"imminent."  Firms  were  invited  to  sub- 

mit proposals  on  the  contract  last December. 
While  the  officials  refused  to  com- 

ment on  the  contract  specifications, 
those  interviewed  indicated  that  their 
firms  were  thinking  in  terms  of  form- 
fitting  suits. 

They  said  that  radiation  shielding — 
and  resulting  cumbersome  suits — will 
not  be  needed  except  during  solar  flare 

periods. It  is  probable,  they  added,  that  a 
device  will  be  used  to  warn  astronauts 
of  solar  flares  so  that  they  can  get  under 
cover.  The  main  problem  for  the  follow- 
on  suits,  they  said,  is  a  thermal  one. 

A  special  thermal  control  system 
will  be  needed  to  remove  excess  heat 

generated  by  the  astronaut's  body  and protect  him  from  the  heat  and  cold 
of  space.  8 
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Tracking  Net  Faces  Major  Build-up 

DONALD  K.  SLAYTON,  tabbed  as  next  orbiting  astronaut,  watches  Dr.  W.  K.  Douglas, 
astronaut  physician  (left),  and  Astronaut  Alan  Shepard  at  Mercury  Control  Center. 

BIG  CHANGES  are  in  the  works 
for  the  Mercury  Tracking  Network  as 
NASA  now  turns  its  attention  to  up- 

coming 18-orbit  and  Project  Gemini 
manned  spaceflights. 

Gemini,  the  two-man  space  pro- 
gram, will  require  from  three  to  five 

new  stations.  The  1 8-orbit  flights  sched- 
uled for  early  next  year  call  for  no  new 

stations,  but  major  changes  in  com- 
munication and  radar  facilities  will  be 

made. 
The  new  requirements  dwarf  the 

subtle  innovations  made  in  the  18- 
station  network  between  Mercury  un- 

manned orbital  flight  series  and  MA-6. 
These  included: 
—Addition  of  more  instrumentation 

to  station  consoles  for  the  registering 
and  readout  of  more  information  about 
flight  systems,  attitude  and  fuel  con- 
sumption. 

—One  new  man  added  to  each  sta- 
tion to  head  up  a  staff  which  includes 

a  capsule  communicator,  a  flight  sur- 
geon, and  a  capsule  engineer  and  sys- 

tems monitor. 
—An  eight-channel  pin  recorder 

added  to  record  additional  informa- 
tion on  position  and  acceleration. 
—A  new  voice  circuit  to  the  Canary 

Islands. 
—  Moving  the  Atlantic  Ocean  ship 

2000  miles  down  off  the  coast  of  Africa. 
After  the  successful  tests  during 

MA-6,  space  agency  officials  are  now 
ready  to  make  major  changes  in  the 
network  for  the  follow-on  flight  pro- 
grams. 

•  Eighteen-orbit  series — These 
flights,  to  last  some  24  hours,  will  re- 

quire more  powerful ,  communications 
and  radar  equipment. 

Each  station  will  be  supplied  with  a 
3200-mile  communication  kit.  Current 
equipment  ranges  from  500  to  1000 
miles.  The  FPS-16  instrumentation  ra- 

dar sites  will  be  increased  in  both  range 
and  receiver  sensitivity. 

A  bidders  conference  will  be  called 
and  a  contract  awarded  for  the  new 
radar  facilities  within  three  months. 
Station  telemetry  capability  will  also  be 
updated. 

In  addition,  the  Atlantic  Tracking 
Ship  will  be  moved  to  the  Pacific,  and 
the  Indian  Ocean  ship  will  be  moved 
over  closer  to  Africa. 

•  Project  Gemini  —  A  NASA  offi- 
cial here  reports  that  a  final  decision  on 

Gemini  tracking  requirements  will  not 
be  made  for  six  to  eight  months.  The 
time  lag  arises  from  the  need  for  the 
State  Department  to  complete  negotia- 

tions for  new  foreign  station  sites  and 
from  the  requirement  to  complete  re- 

search and  development  work. 
The  official  said  that  three  to  five 

new  stations  will  probably  be  needed. 
Gemini's,  tracking  problems  stem from  its  orbital  rendezvous  missions  and 

the  fact  that  its  telemetry  requirements 
are  twice  those  of  Mercury  because  the 
spacecraft  will  have  two  pilots. 

As  a  result,  the  official  said,  the 

current  FM  systems  probably  won't 
work.  Instead,  a  pulse  code  modulation 
(PCM)  system  will  likely  replace  it. 

NASA  will  purchase  one  PCM  sta- 
tion and  then  evaluate  it  before  making 

a  final  decision. 

•  Massive  volume  —  The  Mercury 
Tracking  Network  is  under  the  control 
and  supervision  of  Goddard  Space 
Flight  Center.  Eighteen  stations  around 
the  world  transmit  massive  amounts  of 
information  on  each  Mercury  flight  by 
voice,  teleprinter,  and  voice  to  GSFC 
and  the  Mercury  control  center  at  Cape 
Canaveral. 

Radio    Corporation    of  America 

maintains  and  operates  the  Cape  con- 
trol center's  instrumentation  and  com- 

munications, and  Western  Electric  Co. 
was  in  charge  of  installing  the  world- 

wide network  of  tracking  stations. 
Tracking  sites  on  the  North  Ameri- 
can continent  include:  Guaymas,  Mex.; 

Point  Arguello,  Calif.;  Corpus  Christi, 
Tex.;  White  Sands,  N.M.;  Eglin  Air 
Force  Base,  Fla.;  and  Cape  Canaveral. 
These  are  linked  to  Goddard  by  land 
line. 

The  overseas  sites  include:  Ber- 
muda; Canary  Is.;  Kano,  Nigeria; 

Zanzibar;  Atlantic  Ship;  Indian  Ocean 
Ship;  Muchea,  Australia;  Woomera, 
Australia;  Canton  Is.;  and  Kauai  Is., 
Hawaii.  These  are  linked  to  Goddard  by 
a  combination  of  cable  and  radio 
telecommunications. 

The  radio  teleprinter  facilities  use 
single-sideband  transmitters,  less  sus- 

ceptible to  atmospheric  interference. 
Submarine  cables  to  London  (via 

New  York),  to  Hawaii  (via  San  Fran- 
cisco) and  to  Australia  (via  Vancouver, 

British  Columbia)  were  chosen  because 
they  can  be  expected  to  give  higher 
reliability  on  east-west  paths  that  have 
had  a  rather  poor  radio  performance history. 

The  Australian  cable  is  used  during 
actual  mission  times  only.  & 
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Major  advance  in  cryogenh 

cooling  jk 

Miniature 

turboexpander 
liHrai 

lability 

Actual  size  turbine  wheel  for  250,000  rpm,  gas  lubricated 
turboexpander  in  AiResearch  closed  cycle  systems 

Garrett-AiResearch  is  completing  develop- 
ment work  on  closed  cycle  nitrogen,  helium 

and  neon  systems  using  a  tiny  turboexpander 
in  place  of  a  piston  expander. 

This  promises  to  dramatically  increase 
system  reliability  and  service  life  because  all 
wearing  surfaces,  valves  and  troublesome 
reciprocating  loads  have  been  eliminated. 

These  compact,  lightweight  systems  for 
masers,  parametric  amplifiers,  IR  cell  cool- 

ing and  computer  components  are  ideally 
suited  to  commercial  applications  as  well  as 
military  ground  and  aerospace  uses. 

AiResearch  was  first  in  production  with 
an  open  cycle  IR  cooling  system,  and  has 
already  produced  a  closed  cycle  nitrogen 
system.  The  company  is  now  working  on 

military  programs  for  30°K  and  4.2°K closed  cycle  systems. 
Utilizing  its  experience  as  a  world  leader 

in  lightweight  turbomachinery  and  cryo- 
genic cooling,  AiResearch  is  also  developing 

an  all-turbomachinery  closed  cycle  system 
incorporating  a  turbocompressor  as  well  as 
turboexpander. 

Your  inquiries  are  invited. 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  45,  California- Phoenix,  Arizona 
Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
Circle  No.  3  on  Subscriber  Service  Card 



echnical  Countdown 

ELECTRO-OPTICS 

per  Fast  Camera  To  Be  Shown 

Electro-Optical  Instruments,  Inc..  this  week  will  demon- 

ate  what  it  believes  is  the  "world's  fastest"  framing  camera, 

signed  principally  for  action-recording  of  various  phe- 
mena  such  as  arc  and  plasma  gas  discharge,  explosive 

tonations  and  hypervelocity  impacts,  the  KSC-600  camera 
11  be  shown  to  the  press  in  a  performance  which  will 
;lude  filming  of  an  exploding  bridgewire.  The  camera, 
velopers  say,  is  capable  of  taking  six  frames  in  line  at  a 
te  of  10s  frames/sec.  Exposure  time  can  be  as  low  as  5 
noseconds. 

>lar  Concentrators  Can  Cut  Costs 

The  use  of  optical  focusing  configurations  for  solar 
Lergy  concentration  in  the  generation  of  electricity  offers 

tal  system  cost  savings  of  up  to  30%  over  unassisted  photo- 
jltaic  systems.  A  report  of  a  recent  Air  Force  study  indi- 

ces that  such  savings  are  possible  using  today's  techniques, id  would  include  launch  costs  of  approximately  $500/lb. 

he  study  represents  phase  1  in  a  program  by  Electro- 
iptical  Systems,  Inc.,  to  evaluate  use  of  light  concentration 
ith  photovoltaic  power  generators.  It  included  an  analysis 
f  silicon  solar-cell  generators  in  the  power  range  of  from 

00  to  1500  watts.  Optimum  concentration  ratio  was  de- ;rmined  to  be  2.5. 

ELECTRONICS 

Nuclear  Environment  Computer  Developed 

An  advanced  space  computer  capable  of  withstanding 
;evere  radiation  environments  is  being  developed  by  IBM  in 

Dwego,  N.Y.  Only  bread-boarded  now,  the  finished  proto- 
ype  is  expected  to  occupy  less  than  2  cu.  ft.  Under  develop- 
nent  since  1956  for  the  Air  Force,  the  100-lb.  system  should 

3e  ready  for  operational  use  by  the  mid-1 960's,  the  company says.  It  will  operate  on  about  150  watts. 

Low-Cost,  Rapid  Response  Tracker  Built 

A  radically  new  control  device,  called  a  "ball  tracker," 
has  been  developed  by  Hughes  Aircraft  for  military  opera- 

tors to  use  in  centering  tracking  pips  on  a  radar  screen 
over  an  existing  target  pip.  The  electromechanical  actuator 

is  a  Lakelite  sphere  protruding  from  the  operator's  con- trol box.  Because  the  x  and  y  outputs  are  at  right  angles 
on  the  ball,  control  combinations  are  infinite  and  tracking 

response  is  very  smooth.  Only  light  fingertip  control  is  re- 
quired to  move  the  tracking  pip  in  any  geometric  pattern. 

Developers  say  the  device  should  yield  savings  of  up  to 
.32000/ unit  compared  to  former  tracking  methods. 

Fuel  Cell  Used  For  02  Measurement 

Dangerously  low  or  high  levels  of  oxygen  in  a  spacecraft 
could  be  detected  with  the  same  techniques  employed  in  fuel 

cells.  General  Electric  engineers  have  used  a  small  hydrogen- 
oxygen  fuel  cell  as  a  self-powered  sensor.  It  is  simple  in 
design,  and  output  signals  (in  milliamps)  are  relatively  high. 

A  5/s-in.-dia.  ion-exchange  membrane  between  two  catalytic- 
platinum  electrodes  is  used  in  one  experimental  model.  (The 

H2  side  uses  platinum  black  and  teflon;  the  O,  side  electrode 
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is  a  fine-mesh  platinum  screen.)  The  complete  4.5  x  1.5-m.- 
dia.  cylinder  weighs  less  than  7  oz.  and  requires  only  a 
45-cu.-in.  hydrogen  supply  under  500  psi  pressure  for  up  to 
30  days  continuous  operation. 

ADVANCED  MATERIALS 

Filament-Wound  Thrust  Chamber  Studied 

An  ablative-cooled  thrust  chamber  will  be  fabricated  by 

United  Technology  Corp.  for  NASA  evaluation.  The  fila- ment-wound structures  were  developed  by  UTC  for  extended 

firing  applications.  A  flightweight  unit  developing  2200  lbs. 
thrust  has  been  continuously  fired  for  4.5  minutes.  The 

chamber  is  aimed  at  space  and  upper-stage  applications  be- 
cause of  its  high  thrust-to-weight  ratio  and  simplicity.  It 

also  has  a  potential  in  small  weapons. 

Silver  Heat  Resistance  Increased 

The  addition  of  finely-powdered  aluminum  oxide  to  pure 

silver  increases  the  metal's  heat  resistance  to  1400°C— some 

550°  above  its  melting  point.  Scientists  at  Martin  Marietta's Research  Institute  for  Advanced  Study  have  found  that  the 

silver  alloy  can  support  light  loads  at  1100°C.  Experiments 
indicate  that  oxygen  has  a  role,  since  alloy  specimens  heated 
in  inert  atmosphere  resulted  in  a  loss  of  silver. 

Deadweight  Machine  Under  Construction 

Accurate  determination  of  hysterisis  in  force  transducers 

will  be  possible  with  a  100,000-lb.  capacity  dead-weight 
machine  being  built  at  the  Orbitran  Co.  Designed  primarily 
to  calibrate  dynamic  electronic  weighing  systems,  the  unit 

has  special  hydraulic  handling  equipment  capable  of  con- 
tinuous high-speed  loading  in  either  direction.  Weight  cali- 

bration will  be  traceable  to  the  Natonal  Bureau  of  Standards. 

SPACE  MEDICINE 

Physiological  Hazards  Study  Funded 

The  Universitv  of  California  has  copped  a  prize  NASA 

arant  to  assess  the  physiological  hazards  of  extended  space 

flight  The  award,  worth  $590,000  for  four  years,  will  cover 

development  of  techniques  and  instruments  and  will  later 

include  an  animal  spaceflight  program.  Research  will  be  con- 
ducted by  the  University's  new  Space  Biophysics  Task  Group. 

NEMA  Attacking  Wire  &  Cable  Snarl 

Standardization  and  closer  cooperation  between  wire 

and  cable  manufacturers  and  missile/ space  designers  are 

being  actively  investigated  by  the  High  Temperature  Section 
of  the  National  Electrical  Manufacturers  Association. 

NEMA  has  proposed  a  standard  expected  to  serve  as  a 

uniform  reference  for  future  military  and  commercial  speci- 
fications of  high-temperature  insulated  wire  and  cable.  The 

standardization  problem  (M/R,  March  27,  1961)  is  still 

complex,  expensive  and  confusing,  and  NEMA  has  some 
internal  inertia  to  overcome.  Several  of  its  members  are 

confident  of  their  ability  to  gear  up  in  an  emergency  at 

least  as  quickly  as  they  did  in  World  War  II  and  the  Korean conflict. 
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management 

Aerojet  Capability  Breeds  Success 

Huge  booster  firing,  expansion  into  Florida 

are  most  recent  evidence  of  firm's  steady  prosperity 
by  Willard  E.  Wilks 

"WE'VE  GOT  9000  people  with 
degrees  and  20  years  experience  in  the 
rocket  business.  How're  you  going  to 
beat  that?" 

Aerojet-General  Corp.  President 
Dan  A.  Kimball,  relaxing  with  a  cigar 
in  his  suite  at  Los  Angeles'  Jonathan 
Club,  was  contemplating  his  firm's  fu- ture. The  former  Navy  secretary  had 
good  reason  for  his  confidence. 

That  tuture  looked  particularly 
bright  last  week  with  the  successful  fir- 

ing on  Feb.  17  of  Aerojet's  600,000-lb.- thrust  segmented  solid  booster  (see 
box).  The  motor  is  the  third  solid  de- 

veloping over  500,000  lbs.  thrust  fired 
by  the  company  in  the  past  eight 
months. 

It  was  a  giant  step  ahead  in  the 
company's  bid  for  the  Air  Force  120- 

CONFIDENT  CONFEREES  are  Aerojet-General  President  Dan  A.  Kimball  (left). 
Executive  Vice  President  William  E.  Zisch  (center),  Board  Chairman  A.  H  Rude. 
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in.  boosters  lor  I  nan  III.  Aerojet  also 
is  shooting  lor  contracts  on  the  bigger 
156-in.  and  240-in.  solid  boosters  on 
which  Pentagon  decisions  still  are  pend- 
ing. 

Firing  of  the  big  motor  at  the  firm's Sacramento,  Calif.,  test  facility  capped 
two  other  recent  successes  by  the  still- 
growing  rocket  firm: 

—  It  was  selected  by  NASA  last 
month  to  design  and  develop  the 
1,200,000-lb. -thrust  liquid  hydrogen  M- 
1  engine  which  will  power  the  second 
stage  of  the  Nova  launch  vehicle.  This 
contract,  which  calls  for  the  engine  to 
be  ready  for  operational  use  in  1965,  is 
expected  to  total  $90  million. 

—  After  completing  six  months' work  on  the  first  phase  of  the  NERVA 
nuclear  rocket  under  a  NASA-Atomic 
Energy  Commission  contract,  Aerojet 
received  a  follow-on  five-year,  $26.6- 
million  contract  from  the  two  agencies 
for  further  NERVA  development. 

•  Crossing  continent  —  This  week, 
Aerojet  is  scheduled  to  appear  before 
a  public  planning  commission  meeting 
in  Florida  to  ask  for  industrial  rezoning 
of  an  entire  75,000  acres  in  Dade 
County  which  now  is  under  varic 
stages  of  procurement. 

On  the  site,  near  Homestead,  Fla., 
Aerojet  is  planning  its  new  Space  Boos- 

ter Plant,  to  be  developed  as  both 
liquid  and  solid  facility. 

"We  are  going  to  tell  the  public 
meeting  we  have  started  development 
already,"  K.  F.  Mundt,  vice  president- 
manufacturing,  told  Missiles  and 
Rockets  last  week.  "Ground  has  been 
broken  at  the  southern  end  but  at  this 
time  only  road  and  drainage  facilities 
for  parts  of  the  area  are  being  put  in. 

The  land  is  in  one  dumbbell-shaped 
package.  The  north  and  south  ends  are 
squares  of  about  35,000  acres  each, 
connected  by  a  neck  of  land  two  miles 
wide  and  four  miles  long. 
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STRIKING  CONTRAST  illustrates  Aerojet's  growth.  At  left 
is  a  World  War  II  test-firing  of  a  25- ALD-1000-lb .-thrust  cham- 

"How  fast  construction  goes  depends 
on  a  number  of  things — but  primarily 
on  whether  Aerojet  is  awarded  the  120- 
in.  segmented  rocket  contract,"  Mundt 
said.  "If  we  are  fortunate  in  obtaining 
the  contract,  we  are  going  full  out  to 
get  the  facility  done.  A  big  construction 
program  would  be  under  way  with  up- 

wards of  SI 0-1 5  million  being  spent  in 
the  very  near  future  for  the  first  incre- 

ment of  the  solid  plant." 
"'If  we  are  not  fortunate  in  obtain- 
ing the  120-in..  we  still  fully  anticipate 

we"ll  receive  business  for  bigger  rockets. 
We  therefore  would  slow  up  construc- 

tion and  tune  it  to  receipt  of  those  con- 
tracts." 

While  initial  work  on  NASA's  M-l 
engine  will  be  done  in  Sacramento, 
where  the  liquid  test  stands  are  capable 
of  handling  up  to  IV2  million-lbs.  thrust, 
some  later  work  on  the  project  will  be 
assigned  to  Florida. 

When  completed,  the  new  space 
booster  facility  may  well  resemble 
Venice.  An  important  factor  in  site 
selection  was  its  location  only  a  few 
feet  above  sea  level. 

"We  plan  to  bring  in  a  deep  water 
canal  so  heavy  rockets  can  be  proc- 

essed, tested,  and  shipped  via  water. 
We  wouldn't  have  to  do  it  for  the  120- 
in.  or  the  160-in.  but  anything  larger 
will  need  canals,"  Mundt  explained. 
"Although  the  rocket  wouldn't  actually 
be  processed  while  floating,  it  would  be 
floated  from  one  processing  station  to 
another." 

The  Florida  development  will  be 
carried  out  under  an  Aerojet  20-year 
master  plan. 

"We  don't  want  to  disappoint  or mislead  the  Florida  people,  but  if  we 
get  the  120-in.  we  will  employ  about 
2000  there  within  a  year."  Mundt  said. 

•  Steady  boom — Aerojet  President 
Kimball  and  Executive  Vice  President 
William    E.   Zisch    see    all   this   as  a 

her  solid-propellant  engine.  At  right,  the  successful  Feb.  17 
test  of  a  600, 000-lb. -thrust  motor.  (See  p.  24.) 

sales  increase  was  $9  million,  the  largest 
S146  million  in  1959.  A  $61-million  in- 

crease was  recorded  in  1960,  S47  mil- 
lion for  1961,  and  the  company  expects 

to  do  "just  as  well"  in  1962. 
Major  growth  factors  included  large- 

scale  production  of  IATO  for  the  Air 
Force  and  Navy  during  the  Korean 
War,  and  Titan,  Polaris,  second-stage 
Minuteman  and  Skybolt  propulsion  sys- 

tems. Titan,  the  biggest  program,  has 
accounted  for  more  than  S300  million 
in  sales. 

Korean  War  business  jumped  Aero- 
jet's sales  from  SI 2  million  in  1950  to S23  million  in  1951.  With  the  firm 

developing  its  first  large  liquid  facilities 
at  Sacramento  in  the  early  1950's,  vol- ume snowballed  steadily  to  S69  million 
in  1955,  and  then  took  a  big  spurt  to 
SI 44  million  in  1956,  the  main  boost 
coming  from  Titan  I.  Continuing  up- 

ward, sales  moved  to  S218  million  in 
1958,  followed  by  another  jump  to 
S364  million  in  1959  as  Minuteman, 
Polaris  and  Titan  II  added  their  share. 
Minuteman  accounted  for  about  $85 
million  of  the  rise. 

•  Meeting  the  price — "You  get  it 
on  technical  competence,"  Kimball  said. 
His  formula  for  running  Aerojet:  "Get 
good  technical  talent  and  know  how  to 

sell  to  the  government." Kimball  doesn't  spare  expense  to 
obtain  top  scientific  talent.  Dr.  Theo- 

dore von  Karman,  who  founded  Aero- 
jet and  now  is  chairman  of  the  firm's Technical  Advisory  Board,  received  a 

life-time  contract  to  stay  on  after  Gen- 
eral Tire  acquired  control. 
Kimball  is  especially  proud  of  the 

9000  degrees  Aerojet  counts  among  its 
30.000  employees.  "I  have  no  technical 
competence."  he  says.  "I  had  to  quit 
high  school  in  the  second  year  to  go  to 
work."  His  first  job  was  as  an  electrical 
mechanic  in  a  St.  Louis  automobile  fac- 

tory. In  World  War  I.  he  became  an 

reasonable  progression  in  the  booming 
growth  Aerojet  has  enjoyed  since  Kim- 

ball took  over  leadership  of  the  man- 
agement team  in  1944.  That  was  the 

year  General  Tire  paid  S250,000  for 
51%  of  Aerojet  Engineering  Corp.. 
founded  two  years  earlier  by  five  Cal- 
Tech  scientists  who  developed  IATO. 
Today  51%  of  Aerojet  is  worth  about 
S36  million,  and  General  Tire,  which 
knows  a  good  thing,  owns  84%. 

From  a  producer  of  IATO  bottles 
in  World  War  II.  Aerojet  has  grown  to 
what  it  boasts  is  "'the  world's  largest  in- 

dustrial organization  devoted  primarily 
to  development  and  production  of  both 

solid  and  liquid  rocket  engines."  Its liquid  engines  power  Titan,  stages  of 
Thor- Able  star.  Atlas- Able  and  Delta; 
Aerobee  and  Astrobee  sounding  rock- 

ets, and  the  Bomarc-A  booster.  Its 
solids  propel  Polaris,  Sparrow  HI,  Tar- 

tar, Skybolt.  Genie  and  Hawk,  and 
stages  of  Minuteman,  Blue  Scout  and 
Scout.  It  still  does  a  profitable  business 
in  IATO,  two  models  of  which  are  the 
only  rocket  engines  certificated  by  Fed- 

eral Aviation  Agency  for  commercial 
aircraft. 

There  was  a  time,  in  1946.  imme- 
diately following  World  War  II,  when, 

Kimball  says  "We  thought,  'no  more 
war,  no  more  rockets.'  But  the  Navy 
told  us  to  keep  the  plant  open.  We  cut 
dowm  to  375  employment  from  a  war- 

time payroll  of  1500.  The  property  in 
Azusa  was  owned  by  the  Defense  Plants 
Corp.,  and  we  bought  it  because  we 
wanted  to  run  our  business  ourselves." 

Aerojet  then  began  a  period  of 
growth  that  has  brought  an  unbroken 
rise  in  net  sales  for  the  past  16  years, 
from  S2.8  million  in  1946  to  an  esti- 

mated S472  million  in  1961.  Net  in- 
come, except  for  1955,  also  has  pushed 

steadily  upward,  from  S230.506  to 
SI  1.8  million  for  Fiscal  1961.  In  the 

past  decade,  Aerojet's  smallest  annual 
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Company  Sure  It  Can  Build  Million-Pounder  in  74  Months 
THE  SUCCESSFUL  FIRING  by 

Aerojet-General  of  the  world's  larg- est solid  booster  to  date  has  made  the 
firm  confident  it  can  have  a  million- 

th.-thrust  unit  ready  for  preliminary 
flight  rating  tests  14  months  after  it 
gets  a  contract. 

The  massive,  5-segmeni,  (light- 
weight unit  generated  600.000  lbs. 

thrust  in  a  98-second  test  firing  Feb. 
17.  Approximately  107  tons  of  an 
advanced  Air  Force  propellant  pro- 

duced about  50  million  pound-sec- 
onds total  impulse  in  the  100-in.- 

diameter  motor. 
Total  weight  of  the  53-ft.-long 

motor  was  119  tons.  The  ignition 
rocket  alone  generated  over  50.000 

lbs.  thrust. 
The  firing  was  the  third  of  a 

series  of  full-scale  tests  by  Aerojet. 
The  last  produced  a  thrust  of  500,- 
000  lbs.  with  four  segments.  Test 
objectives  fully  met  in  the  firing  in- 

cluded an  increase  in  action  time  to 
9S  seconds,  increase  in  total  impulse 
to  about  50  million  lb. -sec.  and  mod- 

ification of  grain  design  to  eliminate 
shivers  and  provide  a  thrust-vector 
control  device. 

In  addition,  the  chamber  was 
stronger  and  lighter  than  previous 
motors  and  the  propellant  grain  de- 

sign was  changed  to  provide  maxi- 
mum thrust  immediately  after  igni- 

tion. The  thrust  then  became  rcgres- 

sively  smaller  in  the  firing.  This 
would  be  necessary  on  a  flying 
booster,  since  the  weight  would  con- 

stantly decrease  due  to  propellant 
consumption.  Ignoring  this  effect 
would  create  excessive  acceleration 

forces. Aerojet  is  fabricating  and  proc- 
essing a  larger  and  more  powerful 

motor  for  test-firing  in  the  near  fu- 
ture. Aerojet  President  Kimball  says 

the  firing  of  the  current  unit  and  the 
other  tests  during  the  past  year  amply 
demonstrate  that  large  solid  boosters 
can  be  developed  on  very  short  time- 

tables— ".  .  .  despite  claims  of  many 
formidable  rocket  experts  that  such 

a  job  would  take  much  longer." 

Army  pilot,  and  then,  after  running 
out  of  money  in  Washington,  D.C., 
while  waiting  for  an  air  mail  pilot's 
job  that  never  materialized,  he  went  to 
work  for  General  Tire. 

•  "Knowing  needs" — Kimball  is  es- 
sentially a  salesman — "selling,  that's  the 

sparkplug" — although  he  picked  up  a 
good  deal  of  business  knowledge  teach- 

ing tire  dealers  "how  to  make  money 
so  they  wouldn't  go  broke  so  they 
could  buy  tires."  He  says,  "A  lot  of 
people  don't  know  how  to  sell  to  the 
government.  If  you're  going  to  sell 
tires,  you  do  it  one  way — if  you're going  to  sell  to  Department  of  Defense, 
you  do  it  another.  It's  not  really  a 
question  of  selling.  It's  a  matter  of 
knowing  the  needs  of  the  various  gov- 

ernment departments — also,  what  you 
think  they  should  want.  You  sell  by 

proposal." Although  Kimball  is  wary  of  too 
much  diversification.  Aerojet  has  gone 
in  for  a  good  deal  of  expansion,  taking 
up  electronics,  ASW.  structural  mate- 

rials, nucleonics,  automation,  facilities 
engineering,  chemistry,  power  equip- 

ment, ordnance,  space  vehicles  and  nu- 
clear and  electrical  propulsion.  It  has 

a  $19-million  Navy  contract  to  develop 
an  antisubmarine  torpedo,  a  $12-million 
contract  for  R&D  on  the  Midas  infra- 

red subsystems,  and  a  contract  for 
about  $5  million  on  the  Army  SD-2 
drone.  It  expects  about  $300  million 
on  the  NERVA  program  over  the  next 
five  or  six  years. 

Other  contracts  include  $4.3  million 
from  the  Air  Force  for  design  of  a 
fissio-chemical  plant  to  transform  com- 

mon ammonia  into  hydrazine  fuel  by 
an  atomic  process,  $8.2  million  to  de- 

velop energy  conversion  equipment  for 
NASA's  SNAP  8  system,  and  pacts 
totaling  about  $73  million  for  design 
of  test  facilities  for  Saturn  and  Rover, 
and  work  on  Nike-Zeus  and  Project 

Press  facilities  at  Kwajalein. 
Aerojet  also  is  making  warheads  for 

Hawk,  Nike-Hercules  and  Tartar,  pro- 
ducing non-atomic  warfare  ordnance, 

and  is  constructing  two  test  stands  for 

nuclear  rocket  engines  at  the  AEC's Nevada  Test  Site.  In  addition,  it  de- 
veloped the  prototype  reactor  for  the 

world's  first  mobile  nuclear  powerplant. 
ML-1,  under  AEC-Army  sponsorship. 

•  Diversified  as  is  —  "We  have 
elected  to  stay  pretty  much  100%  in 
the  defense  field,"  Kimball  said,  point- 

ing out  that  Aerojet  doesn't  worry  too much  about  diversification  because  its 
parent  company  has  wide  interests. 
"We're  just  dabbling  at  commercial-type 
business,"  he  says.  The  dabbling  in- 

cludes a  $2-million  contract  for  devel- 
opment of  an  automated  mail-sack  sort- 

ing system  for  the  St.  Louis  Union  Rail- 
road Station,  another  $535,000  for  a 

similar  system  at  Texarkana,  Tex.,  and 
$835,000  for  design  of  an  advanced 
parcel  post  sorting  system  for  a  Florida 
post  office.  Aerojet  also  is  designing 
automation  systems  for  a  shoe  factory 
warehouse  and  developing  Hydrocket, 
a  maritime  jet  propulsion  system,  for 
surface  craft. 

"We  get  pushed  into  enough  new 
fields  without  looking  for  them,"  said 
Kimball.  "Someone  tried  to  interest  us 
in  the  computer  business,  but  we  de- 

cided 'no.'  We  also  could  have  gone 
into  the  shipbuilding  business.  The 
company  wouldn't  have  cost  a  dime, 
but  we  decided  we'd  have  to  take  man- 

agement talent  and  put  it  over  there  to 
run  that.  You  can  get  your  manage- 

ment talent  spread  out  too  far." He  believes  some  firms  have  bought 
too  many  companies,  spread  manage- 

ment talent  too  thin. 
•  The  lineup — Aerojet  recently  ac- 

quired Space  Electronics  Corp..  Glen- 
dale,  Calif.,  which  now  is  part  of  Aero- 
iet's    new    Space-General    Corp.  sub- 

sidiary. Space-General,  which  will  de- 
sign and  develop  complete  missile  and 

space  systems,  is  building  a  new  plant 
on  a  73-acre  site  near  Azusa.  Aerojet 
also  recently  strengthened  its  ASW  ca- 

pability with  acquisition  of  45%  of 
Global  Marine  Exploration  Co.  from 
Union  Oil  of  California,  which  retains 
45%.  Global  Marine  has  conducted 
deep  sea  drilling  in  the  Mohole  project. 

Aerojet  is  organized  into  14  major 
product  divisions,  nine  located  at  its 
Azusa.  Calif.,  headquarters,  including 
Advanced  Research  &  Products,  Ocean- 
ics.  Torpedo,  Avionics,  Chemical,  Nu- 

clear Propulsion,  Power/Equipment. 
Spacecraft,  and  Structural  Materials. 
Other  divisions  include  AETRON,  Co- 
vina.  Calif.,  specializing  in  design  and 
construction  of  launching  complexes; 
Ordnance,  Aeronautics  and  Manufac- 

turing. Downey,  Calif.,  and  Atlantic 
division.  Frederick.  Md..  which  works 
in  automation  and  research  in  under- 

water communications.  Facilities  in- 
clude the  liquid  and  solid  rocket  plants 

at  Sacramento.  Calif.;  Aerojet-General 
Nucleonics,  San  Ramon,  Calif.,  and 
the  Long  Range  Planning  Group,  Mon- 

terey, Calif. 
In  a  statement  of  policy  and  out- 

look, Zisch  told  M/R: 
"We  do  not  have  as  an  objective  a 

dramatic  increase  in  sales  volume.  In 

the  field  in  which  we're  operating — at 
a  level  of  approximately  $500  million 
a  year — our  primary  objectives  are  to 
upgrade  our  own  technical  competence 
by  in-house  training;  to  reduce  the  over- 

head in  dramatic  ways;  to  try  through 
all  avenues  to  insure  that  the  customer 
gets  more  for  his  dollar;  to  direct  our 
technical  efforts  in  ways  that  are  of 
long-term  benefit  to  the  company;  to 
concentrate  on  the  excellence  of  our 
product,  confident  that  if  this  is  done, 
the  advantages  to  stockholders  will  be 
a  natural  result."  8 
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ENGINEERS  &  SCIENTISTS  -  No.  1  in  a  Series  Prepared  to  Give  Insight  Into  the  Scope  of  R&D 
Opportunities  loith  Hercules  Poioder  Company  at  Allegany  Ballistics  Laboratory 

Beating  the  Egg  (as  a  pressure  vessel) 

Until  engineers  and  scientists  of  the 
Hercules  Powder  Company  conceived, 
developed,  designed  and  built  the  revo- 

lutionary ALTAIR  rocket  motor 
(successful  top  stage  booster  for  42 
satellites,  probes  and  test  vehicles), 
'"Nature"  was  still  the  shrewdest  de- 

signer of  pressure  vessels,  with  the 
thin-walled  egg. 

With  the  ANTARES  rocket  motor 
Hercules  pushed  mass  ratio  still  higher 
—  to  .93.  Every  point  gained  in  mass 
fraction  means  66  pounds  added  to 
payload  lofted. 
KEY  TO  THIS  PIONEERING  ADVANCE, 
ORIGINATED  BY  HERCULES  AT  ABL 
. .  .was  drastic  weight  reduction  in  the 
rocket  chamber.  Research  engineers  at 
Allegany  Ballistics  Laboratory 
discarded  the  conventional  approach  — 
metal  cases— in  favor  of  a  new  concept: 
a  glass-filament,  reinforced  plastic  con- 

tainer, specially  wound  and  bonded  to 
the  insulation.  The  result:  a  far  lighter, 
chamber,  stronger  than  pure  titanium. 

Today,  a  new  generation  of  plastic- 
filament  cases  is  employed  in  Polaris 
A-2  2nd  stage  and  Minuteman  3rd 
stage  motors,  which  Hercules  is  now 
building.  ( Other  Hercules-developed 
rockets  and  boosters:  Deacon,  Talos, 
Terrier,  Little  John,  Honest  John,  Nike, 
Bullpup. ) 
BROADENING  R&D  PROGRAMS 
AT  ABL  OPEN  NEW  OPPORTUNITIES 
FOR  CREATIVE  MINDS 
All  frontier  areas  of  rocketry  are  studied 

All  qualified  applicants 
will  receive  considera- 

tion for  employment 
without  regard  to 

race,  creed,  color  or 
national  origin. 

at  Allegany  Laboratory,  which  Hercu- 
les has  operated  for  the  U.S.  Navy  since 

1945.  These  include:  solid  propellants 
with  extremely  high  specific  impulse; 
nozzle  design  optimization;  new  under- 

standing of  internal  and  external  rocket 
ballistics;  broad  new  concepts  in  rocket 
engineering  and  processing. 

Creative  men  from  many  disciplines 
are  sought,  men  with  minds  attuned 
to  the  Hercules  philosophy;  "to  find 
the  best,  not  the  most  expedient  an- 

swers" to  the  nation's  missile  and  space 
propulsion  problems. 

AERONAUTICAL,  MECHANICAL, 
ELECTRICAL  &  CHEMICAL  ENGINEERS... 
CHEMISTS,  PHYSICISTS  & 
MATHEMATICIANS  REQUIRED 
It  takes  effective  collaboration  of  inves- 

tigators trained  in  many  fields  to  resolve 
the  complex  of  problems  involved  in 
the  evolution  of  a  new  rocket  concept 
into  a  reliable  propulsion  unit  on  the 
launching  pad. 

PREVIOUS  ROCKET  EXPERIENCE  NOT 
ESSENTIAL  FOR  MANY  ASSIGNMENTS 
While  experience  in  rocketry  is  wel- 

comed, demonstrated  capability  in  a 
man's  own  discipline  is  the  prime criterion.  An  indication  of  the  way 
classical  engineering  and  scientific 
knowledge  may  be  applied  to  research 
and  development  at  ABL  will  be  foimd 
at  the  right.  For  further  information, 
direct  inquiries  to  Dr.  W.  R.  Lowstuter. 

MASS  RATIO 

Most  Critical 
Factor  in  Rocket Technology 

A 

.93 

EGG             ALTAIR  ANTARES 
Hercules  Solid  Rocket  Motors 

^  Rocket  Research  &  Development  Positions 
AE's,  ME's,  ChE's,  Chemists,  Physicists  <BS,  MS,  PhD). ADVANCE  DESIGN  RESEARCH:  studies  to  establish  new 
rocket  system  concepts;  preliminary  design  criteria. 
MECHANICAL  DESIGN  RESEARCH:  materials  behavior; 
exhaust  gas  control;  insulation;  propellant  combustion; hardware. 
DESIGN  &  DEVELOPMENT:  complete  rocket  motors  in- cluding pressure  vessels,  nozzles,  accessories.  (Must know  mechanics.) 
SPECIAL  STUDIES.  ANALYSES:  (8-10  years  experience 
essential)  heat  transfer;  fluid  dynamics;  systems  analy- sis; internal  &  external  rocket  and  missile  ballistics. 

AE's,  ME's,  ChE's,Chemists  (BS).  Quality  Control,  Relia- bility, Test  (including  analysis  static  firing  stands  and associated  hardware).  Facility  Eng.,  Contract  Admin. 
EE's,  ChE's,  ME's  (BS,  MS).  Design  &  Development  instru- mentation to  obtain  test  firing  data,  also  D&D  process instrumentation. 
Mathematicians  (MS,  PhD).  Data  Reduction  computa- tions &  advanced  programming  for  computer  systems; 
statistical  methods  applied  to  QC,  reliability,  research findings. 

Physicists  (MS,  PhD)  Chemists  (PhD)  Inorganic,  Physical 
ACOUSTICAL  RESEARCH:  behavior  of  burning  rockets 
under  different  acoustical  phenomena.  Propellant  &  High 
Temperature  Materials  Research. 

U.S.  CITIZENSHIP  REQUIRED 

HERCULES  POWDER,  COMPANY INCORPORATED 
Allegany  Ballistics  Laboratory,  Cumberland,  Maryland 

The  Nation's  Foremost  Rocket  Research  Laboratory 
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The  Du  Pont  Metals  Center 

the  first  facility  of  its  kind  for  producing  columbium 

and  other  refractory  metals 

The  DuPont  Metals  Center  is  the 

only  plant  of  its  kind  in  America,  built 
especially  to  produce  columbium  and other  refractory  metals. 

Take  the  rolling  mill  you  see  here. 
There's  none  other  like  it  in  the  country. 

It  can  produce  refractory  metals  in 
thicknesses  from  2"  to  .002"  and  up  to 
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30"  wide.  It  is  just  a  part  of  this  remark- 
able DuPont  plant,  custom  designed 

every  step  of  the  way  to  provide  you 
with  quality  mill  products  in  the  refrac- 

tory metals. 
The  Metals  Center  produces  ingots, 

billets,  bars,  sheet,  strip,  plate,  tube 
hollows  and  solid  extrusions  in  the 

refractory  metals.  It's  currently  pro- 
ducing Du  Pont-developed  D-14.  D-31, 

D-36  and  other  columbium  alloys. 
It  can  also  handle  conversions  for 
other  makers  of  refractory  alloys  and 
superalloys. 

If  you  are  a  prime  contractor  to 
military  and  government  agencies,  or 

involved  in  projects  requiring  appli- 
cations for  refractory  metals,  you 

are  invited  to  discuss  your  needs  with 

one  of  DuPont's  experienced  metal- 
lurgical engineers.  For  a  Data  Sheet 

on  DuPont  Metal  Products,  write  to 
DuPont,  D-2058,  Wilmington  98, 
Delaware. 

THE  DU  PONT  METALS  CENTER 

Better  Things  for  Better  Living ...  through  Chemistry 



MCDOISlMEI-i-    f*  .  ST  10U1S  66.  M,SSOURI 
LAMBERT  ■  ST.  LOUIS  MUNIUraL 

MILITARY 

ACHIEVEMENTS 
FH-I  Phantom — ^jf1^  Trf^tf fy-^JL  a,  CSO^SA^ 

F2H  Banshee  ■  -  "j?  /0  (^Zd  A^C^t^-^ 
F3H  Demon  

THE  FUTURE  IS  AT 

MCDONNELL 

WHERE  ENGINEERING 

CONCEPTS  ARE  MOVING... 

...Men  into  Space 

...Aircraft  to  New  Records 

...Design  Beyond  the 

State  of  the  Art 

Quail  GAM-72 
CURRENT  ASS.GNMENTS:^^ 

Please  complete  this  form  and  forward  to:  Mr.  D.  F.  Waters,  Professional  Placement,  Dept.  62,  McDonnell 
Aircraft,  St.  Louis  66,  Missouri.  This  is  not  an  application  for  employment.  Your  qualifications  will  be 
reviewed  by  our  placement  staff  and  you  will  be  advised  of  positions  at  McDonnell  for  which  you  qualify. 
You  may  then  make  application  if  you  wish.    All  replies  confidential. 
Name  

City  &  State_ 

Home  Address 
Phone  -Age_ 

Present  Position 

Primary  Experience  Area 
Secondary  Experience 
Additional  Comments  

Number  of  Years 
Number  of  Years_ 

Education:  AE  ME  Math  Physics  Chemistry 
Degree:  BS__   MS    PHD  

_EE  Astronomy _  Other  _ 

Date  Date  Date 
I  would  like  to  receive  literature  about  professional  opportunities  at  McDonnell  □ 
Openings  now  exist  at  McDonnell  in  the  following  areas: 

I  would  like  to  receive  application  form  □ 

□  Advanced  Product  Planning 
□  Aerodynamics 
□  Design 
□  Control  &  Structural  Dynamics 
□  Electronics 
□  Ground  Support  Equipment 

□  Liaison 
O  Materials 
□  Mathematics 
O  Metallurgy 
□  Operations  Analysis 
□  Propulsion 
□  Reliability 

□  Research □  Space  Medicine 
□  Structures 
Q  Systems  Management 
O  Thermodynamics 
□  Wind  Tunnel 

MCDONNELL. An  equol  opportunity  employer. 
F4H  and  F-110A  Fighter  and  Attack  Aircraft  *  RF-110  Photo  Reconnaissance  Aircraft  • 

Qemini,  Asset  and  Aeroballistic  Spacecraft  •  Talos  and  Typhon  Missile  Airframes  and  Engines 
Quail  Decoy  Missiles  •  Rotorcraft  •  Electronic  Systems  »  Automation 

MCDONNELL  AIRCRAFT    •     ST.  LOUIS 



advanced  materials 

Insulation  Readied  for  Big  Boosters 

INSULATION  TECHNIQUES 
using  elastomeric  rubber  for  the  case 
and  a  combination  of  graphite  mate- 

rials and  leached  glass  fibers  in  the  noz- 
zle are  being  scaled  up  from  test-motor 

size  to  the  large-solid-booster  regime 
at  United  Technology  Corp. 

Performance  of  both  insulation 
types  was  satisfactory  in  the  three 
1 5. 000-lb. -thrust  test  motors.  Thermal 
and  erosive  characteristics  of  the  rub- 

ber were  better  than  expected.  The 
high  temperatures  and  flame  of  the 
burning  propellant  reduced  the  plastic 
state  of  the  rubber  to  a  hard  char.  This 
char,  primarily  a  surface  condition,  did 
not  impede  the  insulation  properties  of 
the  rubber — as  long  as  the  bond  to  the 
case  remained. 

Insulations  for  both  motor  case  and 
nozzle  were  fabricated  for  UTC  by  the 
Dumont  Mfg.  Corp.,  subsidiary  of  H. 
I.  Thompson  Fiber  Glass  Co. 

•  Tape-wound  best — In  the  noz- 
zles, the  erosion  characteristics  of  the 

tape-wound  oriented  graphite  cloth  were 
superior  to  those  of  molded-mass 
graphite.  In  any  transverse  area,  ero- 

sion was  quite  smooth  and  consistent. 
Longitudinally,  the  graphite  cloth 
eroded  somewhat  more  in  those  areas 
closer  to  the  nozzle,  but  there  was  no 
evidence  of  the  chunking  typical  of 

by  A.  P.  Peters 
Project  Engineer 

United  Technology  Corp. 

GRAPHITE  INNER  DIES 

A 
TUNGSTEN  GRAPHITE 

(White  Area)     OUTER  DIES 

NOZZLE  CUTAWAY  illustrates  relative 
positions  of  mass  graphite,  oriented  tape 
and  silica  cloth.  MX2630A  is  Fiberite's 
oriented  graphite  cloth,  and  #2625  is  the 
silica  cloth  compound. 

compositely  molded  graphite  and 
leached  glass. 

There  was  also  no  noticeable  ero- 
sion differential  at  the  boundary  "step" 

of  the  graphite  cloth  and  mass  graphite. 
Erosion  was  more  pronounced  at  the 
beginning  of  the  leached  glass.  This  is 
to  be  expected  since  this  material  erodes 

faster  than  graphite. 

Since  only  three  nozzles  were  re- 
quired for  the  UTC  feasibility  program, 

the  composite  insulation  was  molded 
by  the  Dumont-developed  hydroclave 
process.  This  method,  which  utilizes 
hydraulic  fluid  as  the  pressure  medium, 
provides  three  distinct  advantages  in 
molding  complex  nozzle  configurations: 

—Tooling  costs  are  reduced.  The 
hourglass  shape  of  the  nozzle  insula- 

tion would  have  required  expensive 
matched  metal  dies. 

—The  high  molding  pressures  ob- 
tainable (1000-2000  psi)  are  equivalent 

to  compression  molding  and  much 
greater  than  autoclaving. 

—The  undesirable  sectioning  of  the 
exit  cone  and  splicing  of  insulation  was eliminated. 

The  throat  area  of  the  nozzle  con- 
sisted of  a  mass  type  of  graphite  backed 

up  with  a  phenolic-impregnated  asbestos 
tape.  This  combination  was  cured  at 
300  psi,  and  then  machined  to  the  steel 
contour. 

The  exit  cone's  ablative  liner  was 
made  up  of  tapes  of  graphite  cloth  and 
Refrasil  (R)  fiber,  both  wrapped  paral- 

lel to  the  center  line  of  the  motor  to 

give  a  15°  edge-grain  orientation  to  the 
inside  diameter.  This  type  of  configu- 

ration was  based  on  tests  which  proved 

Molding  Compounds  Functionally  Engineered 

THE  INSULATION  MATE- 
RIALS used  by  Dumont  in 

fabricating  the  test  nozzles  for 
UTC  were  developed  by  the 
Fiberite  Corp.,  Winona,  Minn. 
The  firm  does  no  production 
molding  itself  but  is  a  supplier 
of  molding  compounds. 

Fiberite  first  integrated  Na- 
tional Carbon's  graphite  cloth 

into  high-temperature  mold- 
ing applications  by  introduc- 
ing refractory  oxides  into  the 

resin.  Although  not  affecting 
the  room-temperature  proper- 

ties, the  mineral  additives  ap- 
parently reflect  the  infrared 

concentration  contributed  by 
aluminum-bearing  propel- 
lants. 

Fiberite  developed  a 
graphite-composite  insulation 
molding  compound  by  chop- 

ping the  graphite  cloth  into 
0.5-in.  squares  and  molding 
under  pressures  from  1000  to 

3000  psi.  These  high  pressures 
and  the  backing-up  with  in- 

sulating structural  materials 
of  silica  cloth  led  to  produc- 

tion of  free-standing  molded 
plastic  cones. 

Key  to  the  use  of  such  suc- 
cessful composite  materials  is 

the  selection  of  completely 
compatible  resins  for  the 
graphite  cloth  and  silica  cloth 
portions  of  the  structure. 
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THE  QUIET  MEN 

Today,  we're  united  in  one  of  the  hardest  fought  crusades  the  world  has  ever  seen 
—  the  all-out  assault  on  every  frontier  of  scientific  knowledge.  Yet  the  beginnings  of 
these  ventures  are  not  marked  with  fanfare.  The  battles  and  victories  are  often  fought 
and  won  in  complete  loneliness  by  a  single  man ...  or  by  groups  of  men  sharing  their 
knowledge.  From  their  quiet  yet  unrelenting  research  efforts  come  the  theories  that  one 
day  make  the  headlines. 

Never  before  have  such  men  been  so  needed;  never  before  has  their  stimulus 
been  so  great;  never  before  have  their  findings  been  so  significant. 

Our  nation's  investment  in  military  and  scientific  research  alone  is  already  yielding 
dividends  in  terms  of  America's  economic  growth.  Many  of  the  new  jobs,  products, 
services,  and  even  industries  that  today  loom  large  on  the  American  scene  are  the 
fruits  of  ideas  put  to  work  in  the  last  decade. 

Since  its  earliest  days,  America's  aviation  industry  recognized  the  significance  and 
need  for  extensive  research  activities.  Today  the  aviation  industry  is  better  known  as 



the  aerospace  industry.  No  longer  is  it  known  only  for  its  leadership  in  aircraft;  it  is 
now  recognized  as  a  dynamic  force  in  many  other  fields:  chemistry ..  .computers. . . 
nuclear  energy . . .  communications  . . .  life  sciences  .  .  .  electronics  .  .  .  propulsion  .  .  . 
naval  technology. . .  navigation. 

Through  this  research  and  diversification,  the  aerospace  industry  is  contributing  to 

the  advance  of  the  Free  World's  scientific  progress.  And  here  — as  in  all  American 
industry  — the  quietest  roles  are  often  played  by  the  men  of  science  whose  accomp- 

lishments are  bettering  the  lives  of  all. 
These  are  the  men  of  research . . .  the  men  whose  vocabulary  does  not  include  the 

word  "impossible." 
These  are  the  quiet  men. 

North  American  Aviation  is  at  work  in  the  fields  of  the  future  through  these  six  divisions:  Atomics 
International,  Autonetics,  Columbus,  Los  Angeles,  Rocketdyne,  Space  &  Information  Systems. 



FEASIBILITY  MOTORS  consisted  of  an  aft  closure,  a  center  cylindrical  section  and 
forward  closure.  Mass  graphite  insulation  is  visible  in  nozzle. 

AFT  CLOSURE  WAS  INSPECTED  in  this  special  rig.  The  overlapping  layers  of 
bonded  rubber  insulation  are  clearly  visible  here. 

that  a  hydrocluve-molded,  edge-grain 
oriented  graphite  or  leached-glass  tape 
will  withstand  erosion  better  than 
chopped  fiber  compounds  molded  at 
high  pressures  in  metal  dies. 

The  graphite  was  tape-wrapped  first, 
beginning  at  the  nozzle  end  of  the  cone, 
and  extending  down  about  5  in.  from 
the  mass  graphite  toward  the  exit  plane 
of  the  nozzle.  It  was  then  debulked 
by  a  preforming  process  which  uses  low 
pressure  and  temperatures  up  to  200°F to  compress  the  material  and  partially 
devolatilize  the  resin.  Debulking  makes 
the  tape  machinable  and  pre-positions 
the  material  for  the  final  curing  process 
so  that  print  dimensions  of  the  inner 
faces  of  the  composite  can  be  met. 

The  entire  length  of  the  cone,  start- 
ing behind  and  running  the  full  extent 

of  the  graphite  cloth,  was  overwrapped 
with  Refrasil  tape,  preimpregnated  with 
phenolic  resin.  Following  tape  wrap- 

ping the  unit  was  bagged  and  hydro- 
clave-molded  at  1000  psi. 

The  entrance  cap  in  the  case  just 

before  the  nozzle  throat  was  a  60° 
oriented  leached-glass/ phenolic  wrap- 

ping. •  Chamber  insulation — Three  steel 
segments  made  up  the  case  of  each  7- 
ft.-long  test  motor.  The  center  cylindi- 
cal  section  was  attached  to  the  dish- 
shaped  aft  and  forward  closures  with 
a  circumferential  clevis  joint  and  shear 
pin  arrangement.  Interior  surfaces  of 
the  three  segments  and  all  joints  were 
lined  completely  w  ith  the  insulating  rub- 

ber. This  is  a  silica-loaded,  flexible, 
elastomeric  compound  which  has  ex- 

cellent thermal  qualities,  can  absorb  a 
high  degree  of  mechanical  shock  and 
adds  a  minimum  of  weight  to  the  case. 

The  sheet  rubber  was  built  up  in  a 
number  of  layers.  Thick  sections,  up 
to  20  piles  in  some  areas,  were  applied 
where  propellant  burn-through  might 
have  been  expected  first.  Apart  from 
the  need  for  precisely  determined  thick- 

nesses of  insulation  in  each  segment  to 
provide  adequate  protection,  there  had 
to  be  uniform  transitions  from  thin  to 
thick  sections.  For  the  joints  of  the 
case,  the  rubber  was  formed  to  ensure 
perfect  mating  of  adjoining  insulation, 
and  to  provide  a  tight  seal  when  case 
sections  were  assembled. 

The  interior  metal  surfaces  of  the 
three  segments  were  cleaned  chemically. 
The  rubber  sheets  were  then  bonded  in 
place  with  a  rubber-based  adhesive. 
With  each  individual  layer,  care  was 
taken  to  avoid  air  spaces  or  entrapment 
of  volatile  solvents — either  might  have 
led  to  bond  failure  and  resultant  over- 

heating of  the  motor  case.  The  rubber 
was  cured  at  an  elevated  temperature 
and  medium  pressure  in  an  autoclave 
in  which  inert  gases  are  used  as  the 
pressure  medium.  tS 

32 missiles  and  rockets,  February  26,  1962 



Microminiature 

Coaxial  Connectors 

Microdot's  microminiature  connectors 
—including  the  world's  smallest  50- 
ohm  coax  connectors  —  are  available  in 
over  one  million  combinations.  Plugs 
are  available  in  straight  or  angle  screw 
types  and  slide-on  versions.  Recep- 

tacles include  printed  circuit  and  bulk- 
head feed-thru  types.  Only  highest 

quality  materials  are  used.  Conductors 
are  of  silver-plated  copperweld  or  cad- 

mium bronze,  center  contacts  are  of 
gold-plated  coin  silver.  Housings  are 
silver-plated  brass  to  assure  minimum 
electrolysis  with  aluminum  panels. 
"Teflon"  "Kel-F"  polyethylene,  and 
neoprene  are  used  as  dielectrics,  jack- 

ets, bend  relief  caps,  and  pin  protectors. 

Microdot  Inc.,  220  Pasadena  Avenue, 
South  Pasadena,  California 

Circle  No.  7  on  Subscriber  Service  Card 

Crimp-type  Connectors 

These  solderless,  coaxial  connectors 
are  available  in  a  variety  of  mounting 
configurations,  including  snap-locking 
versions.  Male  and  female  connectors 
may  be  mounted  interchangeably. 
Mated  length  is  l1?i6".  Working  volt- 

ages :  1,000  V.  maximum,  at  sea  level; 
500  V.  maximum,  at  60,000  feet. 
VSWR;  less  than  1.2  up  to  2,000  mc. 
Life;  5,000  matings,  minimum,  without 
electrical  deterioration  .Tensile  strengths 
of  the  crimps  exceed  the  breaking 
strength  of  the  cable.  Hard  gold  plated 
Beryllium  copper  and  TFE  plastic  are 
extensively  used  to  assure  optimum 
reliability. 

Microdot,  Inc.,  220  Pasadena  Ave- 
nue, South  Pasadena,  California 

Circle  No.  8  on  Subscriber  Service  Card 

NEW  MICRODOT  MICROMINIATURE  MULTI-PIN  CONNECTORS 

These  rugged,  reliable  "43"  Series  Microdot  Microminiature  Multi-pins  are  only  Vi  the 
size,  V3  the  weight  of  previously  available  miniature  multi-contact  connectors.  Yet  per- 

formance equals  or  exceeds  MIL-C-26482  and  applicable  paragraphs  of  MIL-C-26500. 
Ready  now  for  advanced  applications,  these  connectors  pack  up  to  61  power  contacts  — 
or  19  coaxial  contacts  — or  a  combination  of  both  — into  a  shell  the  diameter  of  a  quarter. 

Improved  three-keyway  design  of  the  "43"  Series  prevents  pin  engagement  with  insert 
face,  permits  14  alternate  positions  for  each  insert  layout  by  "clocking"  shell  keyways 
rather  than  inserts.  Inserts  come  in  a  variety  of  straight' power,  straight  coaxial,  and 
combination  power-coaxial  layouts.  The  Multi-pin  design  accommodates  a  mix  of  male 
and  female  contacts  in  either  plug  or  receptacle  without  changing  inserts,  allowing  hot 
or  cold  leads  to  either  side.  Closed-entry,  crimp  or  solder  contacts  are  gold-plated  pure 
toirt  silver  to  resist  wear,  maximize  ampere  ratings  and  conductivity,  minimize  tempera- 

ture rise  and  resistance.  Positive,  push-pull,  quick-disconnect  coupling  eliminates  need 
for  safety  wire.  Operating  force  is  always  in  direction  of  plug  travel. 

With  all  parts  interchangeable,  the  "43"  Series  Microdot  Microminiature  Multi-pins  are 
available  now  in  disassembled  kit  form  (for  bench  assembly  or  on-the-spot  field  circuit 
design),  or  factory  assembled  (as  basic  connectors)  or  as  complete  assemblies  (with 
Microdot  cable).  Write  today  for  illustrated,  detailed  Bulletin  MP-0. 

Microdot  Multi-pin  Connector  Kit 

no.  or SIZE 
COAXIAL OESiSfiftllON PLUG  O.D. CONTACTS 
up  to  7 s 
up  to  12 

NO.  OF 
POWER 

CONTACTS 

up  to  19 
up  to  37 

MICRODOT  I1VC. 
220  Pasadena  Avenue,  South  Pasadena,  Calif. 

MUrray  2-3351    SYcamore  9-9171 



AC,  The  Electronics  Division  of  General  Motors,  is  now  seeking  creative  engineers, 
physicists  and  mathematicians  to  fill  important  and  challenging  positions  in  the 
Advanced  Navigation  Field.  The  positions: 

Boston  Research  &  Development 
Laboratory 

(Advanced  Inertial  Guidance  Systems  and 
Components) 
Systems  Engineers  and  Mathematicians 
Electronic  Circuit  Engineers 
Mechanical  Design  Engineers 
Instrument  Engineers 
Electromagnetic  Engineers 
Radar  Systems  Engineers 
Los  Angeles  Research  and  Development 

Laboratory 
(Advanced  Inertial  Guidance  Systems  and 
Airborne  Digital  Computers) 
Digital  Computer  Development  Engineers 

Research  and  Development  Engineers 
Transistor  Circuit  Design  Engineers 
Systems  Engineers 
Milwaukee 
Military  Defense  Systems,  Program  and  Project 
Engineers 

Radar  Design  and  Development  Engineers 
Radar  Systems  Engineers 
Radar  Test  Engineers 
Reliability  Program  Engineers 
Field  Service  Engineers 
Electromagnetic  Engineers 
Supplier  Contact  Engineers 
Quality  Control  Engineers/Analysts 
Technical  Writers  and  Editors 
Scientific  Programmers 

If  you  are  experienced  and  interested  in  any  one  of  these  positions,  please  send  your  resume  to 
Mr.  G.  C.  Raasch,  Director  of  Scientific  and  Professional  Employment,  Dept.  5753,  7929  S.  Howell, 
Milwaukee  1,  Wisconsin.  We  are  an  Equal  Opportunity  Employer. 
AC  SPARK  PLUG  &  THE  ELECTRONICS  DIVISION  OF  GENERAL  MOTORS 
AChiever  Inertial  Guidance  for  the  TITAN  II,  THOR  and  MACE  .  .  .  Bombing  Navigation  Systems  Integrator  for  the 
B-52C&D  . . .  POLARIS  gyros  and  accelerometers  .  . .  ALRI  .  .  .  AChieverfone  mobile  telephones 
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To  fill  'range  gap' . 

Pentagon  Presses  MRBM  Development 

by  James  Trainor 
INITIAL  FUNDING  of  the  Air 

Force's  Mid-Range  Ballistic  Missile  in 
Fiscal  1963  will  be  $100  million — indi- 

cating the  Defense  Department  has 
placed  a  high  priority  on  development 
of  the  mobile  system. 

One  of  the  few  new  missile  systems 
included  in  this  year's  DOD  budget,  the 
MRBM  will  be  a  two-stage,  solid-pro- 
pellant  missile — lighter  and  more  ac- 

curate than  any  system  now  under 
development.  Its  guidance  system,  al- 

ready under  development,  will  be  a 
stellar-inertial  platform.  The  missile  will 
carry  a  nuclear  warhead. 

The  entire  system,  including  missile, 
checkout,  launch  and  command  and 
control  equipment,  will  be  housed  in 
one  vehicle.  The  truck,  with  a  3-5-man 
crew,  will  be  hardened  to  some  degree 
to  withstand  the  effects  of  a  nuclear 
blast. 

•  AF  management  setup — Develop- 
ment of  the  MRBM  will  be  the  re- 

sponsibility of  the  Air  Force  System 
Command's  Ballistic  Systems  Division, 
assisted  by  Aerospace  Corp. 

With  a  goal  of  late  1965  or  early 
1966  for  an  operational  system,  AF  of- 

ficials are  moving  quickly  to  set  up  the 
contractor  structure  for  the  develop- 

ment program. 
Requests  for  Proposals  (RFP)  were 

to  go  to  industry  this  month.  They  will 
cover  six  development  areas:  Propul- 

sion, Command  and  Control,  Re-entry 
Vehicle,  Transport-Launcher,  Guidance 
and  Control  and  Systems  Integration, 
Assembly  and  Checkout. 

Since  the  entire  system  is  felt  to  be 
well  within  present  state  of  the  art  and 
industry  has  been  studying  the  MRBM 
problem  for  some  time,  the  Air  Force 
will  allow  only  four  to  six  weeks  for 
the  submission  of  proposals.  The  entire 
contractor  team,  AF  officials  say,  will 
be  assembled  before  June  30,  the  end 
of  this  fiscal  year. 

Competitive  contracts  for  the  de- 
velopment of  the  stellar-inertial  guid- 

ance system  were  awarded  last  year  to 
GM's  AC  Spark  Plug  Div.  and  General 
Precision's  Kearfott  Div.  The  two  sys- 

tems will  be  evaluated  and  the  develop- 
ment contract  awarded  to  one  of  the 

two  companies  this  spring. 
The  company  awarded  the  contract 

for  Systems  Integration,  Assembly  and 
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Checkout  will  supervise  other  contrac- 
tors to  ensure  that  all  subsystems  are 

compatible  with  the  overall  system. 
•  Versatile  system  —  A  mobile, 

quick-reacting  system,  the  MRBM  is 
designed  to  be  self-sufficient,  with  all 
equipment  necessary  to  fire  the  missile 
contained  in  one  van.  However,  due  to 
its  range  capabilities  (300-1500  miles), 
the  MRBM  will  not  be  deployed  in  the 
United  States,  but  will  travel  the  roads 
of  Western  Europe  and  the  Far  East. 

The  Navy  will  work  with  the  Air 
Force  during  development  of  the  sys- 

tem to  ensure  that  it  also  can  be  de- 
ployed aboard  surface  ships. 

In  addition  to  the  truck  and  ship- 
mounted  versions,  the  MRBM  is  ex- 

pected to  be  adaptable  to  hardened  sites. 
Specifically,  since  the  MRBM  is  to  re- 

place the  Mace,  it  could  presumably  be 
installed  in  the  hardened  facilities  now 
under  construction  in  Europe  for  the 
three  air-breathing  missile  squadrons 
deployed  there. 

Air  Force  officials  also  concede  that 
the  new  system  would  be  capable  of 
replacing  the  Jupiter,  Thor  and  Mata- 

dor systems  now  deployed  with  Italian, 
British  and  West  German  troops. 

•  Command  and  control — Writing 
in  the  Air  University  Quarterly  Review, 
Maj.  Gen.  Stanley  J.  Donovan,  deputy 
for  operations  at  Headquarters,  Tactical 
Air  Command,  pointed  out  that  "one 
of  the  major  complications  (in  the 
MRBM  deployment)  might  be  in  de- 

veloping a  positive  command  and  con- 
trol system  to  permit  random  dispersal 

and  still  guarantee  quick  reaction." 
AF  officials  point  out,  however,  that 

the  command  and  control  system  will  be 
compatible  with  existing  command  net- 

works in  any  given  theater  while,  at  the 
same  time,  able  to  operate  as  a  sep- 

arate and  self-sufficient  system. 
The  system  also  is  being  designed 

to  include  postive  safety  features  to 
preclude  launch  of  the  missile  by  the 
crew  without  authorization  from  higher 
headquarters. 

A  self-contained  system  such  as  the 
Mobile  Mid-Range  Ballistic  Missile 
(MMRBM) — Air  Force  terminology 
for  the  truck-mounted  version — lends 
itself  to  camouflage  and  deception 
techniques. 

•  Range  gap  filled  —  Secretary  of 
Defense  Robert  S.  McNamara  reported 
in  testimony  before  the  Senate  Armed 

Services  and  Appropriations  commit- 
tees that  the  MRBM  "would  fill  the 

'range  gap'  in  our  present  missile  pro- 
grams between  the  Pershing  with  a 

range  of  over  300  miles  and  our  ICBM's 
with  ranges  in  excess  of  5000  miles." Soviet  developments  in  this  range 
spectrum  have  long  been  a  matter  of 
concern  to  defense  planners. 

The  requirement  for  an  MRBM, 
according  to  an  Air  Force  official,  has 
existed  since  1 957.  However,  until  about 
a  year  ago,  nothing  was  done  to  meet 
this  need  other  than  to  revise  the  re- 

quirement to  conform  with  the  existing 
state  of  the  art. 

•  Why  the  Air  Force? — With  the 
new  Administration  came  renewed  in- 

terest in  the  MRBM  and  an  effort  by 
each  of  the  services  to  adapt  their  pet 
projects  to  meet  the  MRBM  require- 

ment. The  Army  championed  an  Ad- 
vanced Pershing  while  the  Navy  talked 

of  a  "Polaris  on  wheels". 
However,  each  of  these  approaches 

involved  a  new  propulsion,  guidance 
and  checkout  scheme  as  well  as  a  new 
re-entry  body — in  other  words,  a  new 
missile  system,  whatever  its  name. 

The  Defense  Department  therefore 
decided  to  initiate  a  development  pro- 

gram for  a  new  missile  system  which 
would  be  within  the  state  of  the  art  in 
order  to  minimize  both  development 
time  and  money. 

Since  the  Air  Force  is  charged  with 
the  major  portion  of  the  tactical  mission 
of  battlefield  interdiction,  and  dominates 
the  interface  between  General  Purpose 
and  Strategic  Retaliatory  forces,  it  was 
designated  to  develop  the  MRBM. 

•  NATO  weapon? — Although  Sec- 
retary McNamara  has  said  that  the 

plans  for  employment  of  this  missile 
are  "still  highly  tentative,"  the  possibil- 

ity of  the  system  replacing  Jupiter,  Thor 
and  Matador  now  in  the  hands  of  for- 

eign troops  raises  the  question  of 
whether  this  system  is,  in  fact,  a  NATO 
weapons  system. 

Last  May  in  Ottawa,  President  Ken- 
nedy said  that  he  was  willing  to  con- 
sider the  idea  of  a  multilaterally  con- 

trolled missile  force.  At  that  time,  the 
President's  only  firm  offer  was  to  put 
five  or  more  Polaris  submarines  in  "the 
NATO  command  area." Air  Force  officials,  however,  are 
extremely  reluctant  to  discuss  the 
MRBM  as  a  NATO  weapon.  « 
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The  Industry  Week 

Highlights  of  Missile  Labor  Meeting 

The  missile  industry  has  for  the  first  time  out- 
stripped its  parent  aircraft  industry  in  employment, 

Labor  Secretary  Arthur  Goldberg  said  last  week. 
August,  1961,  figures:  564,000  missile  against  557,- 
300  aircraft  workers.  Speaking  before  a  joint  UAW- 
IAM  meeting  aimed  at  presenting  a  unified  labor 
front  at  upcoming  contract  negotiations  in  the  air- 

craft, missile  and  electronics  industries,  Goldberg 
said  labor  and  management  had  a  joint  obligation 
to  reach  strike-free  contract  agreements  "consistent 
with  the  national  interest."  The  union  leaders  main- 

tain that  steady  employment  is  the  top  problem  in 
the  missile  industry.  They  are  preparing  to  ask  for 
increased  lay-off  benefits  from  industry  to  compen- 

sate for  shifts  in  production  emphasis  from  aircraft 
to  missiles.  Also  considered  were  plans  calling  for 
a  government  financial  role  in  guaranteeing  pay 
benefits  for  laid-off  workers. 

News  of  Mergers  and  Expansions 

Control  Data  Corp.  organized  a  System  Sciences 
Division  in  Los  Angeles  to  expand  the  company's 
defense  and  commercial  data-processing  and  com- 

munications operations.  The  division  will  engage  in 
study,  research  and  preliminary  design  of  informa- 

tion handling  systems.  .  .  .  ITT  Kellogg's  Communi- 
cations Systems  Department  set  up  an  Electronic 

Development  Lab  to  design,  develop  and  evaluate 
systems  and  subsystems  in  communications,  com- 

mand and  control  data-handling  and  switching.  .  .  . 
Allied  Research  Associates,  Inc.,  a  Boston  R&D 
firm,  will  build  a  $750,000  building  at  Concord, 
Mass.  .  .  .  PneumoDynamics  Corp.  stockholders 
have  approved  acquistion  by  the  company  of  its 
parent  company,  Cleveland  Pneumatic  Industries, 
Inc.  .  .  .  Kaynar  Mfg.  Co.,  Inc.,  began  construction 
of  a  126,000-sq.-ft.  plant  in  Fullerton,  Calif.  .  .  . 
Airborne  Instruments  Laboratory,  division  of  Cut- 

ler-Hammer, plans  to  add  145,000  sq.  ft.  to  its 
present  facilities  at  Deer  Park,  N.Y....  Geonautics, 
Inc.,  has  formed  a  field  engineering  group  in  Wash- 

ington, D.C.,  to  conduct  geodetic,  astronomic  and 
alinement  surveys  for  large-dish  antenna  installa- 

tion and  calibration,  missile-launch  sites  and  iner- 
tial  guidance  test  facilities.  .  .  .  Fifth  Dimension 
Inc.  plans  a  new  plant  in  Princeton,  NJ.  The  com- 

pany manufactures  data-scanning  components  for 
aerospace,  business  and  industrial  applications.  .  .  . 
Packard  Bell  Computer  Corp.  has  added  more  than 
50,000  sq.  ft.  to  its  Los  Angeles  facilities.  .  .  .  Spe- 

cial Devices,  Inc.,  acquired  Mimx  Corp.,  Glendale, 
Calif.  .  .  .  Insul-8-Corp.,  San  Carlos,  Calif.,  has  ac- 

quired Sterling  Manufacturing  Co.,  Belmont,  Calif. 
.  .  .  Perkin-Elmer  Corp.  organized  an  Optical  Maser 
Department  responsible  for  marketing  crystals  and 
lasers  as  well  as  conducting  research  in  advanced 
optical  production  and  testing  techniques. 

International  News  Briefs 

Avco  Corp.  and  Ultra  Electronics,  Ltd.,  London, 
signed  an  agreement  covering  joint  studies  and  pos- 

sible joint  ventures  in  communications  and  elec- 

tronics. If  they  find  it  is  feasible,  the  two  may  set 
up  joint-venture  companies.  .  .  .  General  Instrument 
Corp.  and  Pirelli  S.p.A,  Milan,  Italy,  concluded  an 
agreement  to  form  a  European  company  serving 
the  Common  Market  and  other  outlets.  Pirelli  Appli- 
cazioni  Elettronichi,  S.p.A,  with  headquarters  in 
Milan  and  plant  in  Naples,  will  manufacture  and 
sell  GI's  electronics  product  line.  The  parent  com- 

panies will  exchange  technical  information  and 
personnel.  .  .  .  Hughes  Aircraft  Co.'s  HM-55-S  air- 
to-air  radar-guided  missile  has  been  selected  by  the 
Swiss  government  for  integration  with  the  Swiss 
Mirage  III-S  jet  fighter-interceptor. 

Production  Line  Notes 

Ryan  Aeronautical  Co.  will  continue  production 
of  Firebees  at  least  through  1963.  A  $7.4-million 
contract  was  awarded  last  week  for  over  200  Q-2C- 
model  free-flying  drones. 

Corporate  Financial  Reports 

Lockheed's  Board  Chairman,  Courtlandt  Gross, 
predicted  company  earnings  for  1962  should  rise 
35%  over  1961,  to  $35  million.  "In  the  last  few 
years,"  said  Gross,  "we  have  undergone  a  change 
from  a  purely  aircraft  industry  to  an  aerospace 
industry.  As  this  has  happened  we  have  been  achiev- 

ing a  degree  of  stability  that,  as  an  aircraft  indus- 
try, we  had  never  known."  .  .  .  Aerojet-General  sales increased  13%  in  1961  over  the  previous  year; 

profits  were  up  17%  to  $11.8  million.  .  .  .  Vitro 
Corp.  of  America  income  was  up  21%  in  1961  over 
1960,  despite  lower  sales  volume.  Reason :  discount- 

ing of  unprofitable  operations.  .  .  .  Litton  Industries 
had  earnings  of  $7.Jf4  million  for  the  first  six 
months  of  the  1961-1962  fiscal  year  on  sales  of 
$168  million.  Comparable  figures  for  last  year  were 
$445  and  $108  million.  .  .  .  Westinghouse  Electric 
Corp.  had  fourth-quarter  1961  sales  of  $526.3  mil- 

lion and  earnings  of  $20.4  million.  .  .  .  Zero  Manu- 
facturing Co.  had  record  sales  and  profits  for  nine 

months  ending  Dec.  31.  Sales  were  up  56%,  earn- 
ings 177%,. 

Change  in  the  Front  Office 
Dr.  William  M.  Duke  was  elected  president  of 

ITT  Federal  Laboratories.  He  joins  ITT  from  Space 
Technology  Labs,  Inc.,  where  he  was  senior  vice 
president. 

New  Names  in  the  Industry 

Astronautics  Foundation,  Inc.,  has  been  formed 
in  Washington,  D.C.,  to  "support  all  aspects  of  the 
natural  and  social  sciences  relating  to  astronautics 
and  space  flight."  The  foundation  will  administer 
funds  designated  for  advancement  of  peaceful  ap- 

plications of  astronautics  and  space  flight.  Chair- 
man of  the  14-man  board  of  trustees  is  Dr.  Theodore 

von  Karman,  and  the  first  president  is  James  E. 
Knott.  Andrew  G.  Haley  is  Executive  Vice  President 
and  Legal  Counsel. 
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contracts- 

AIR  FORCE 

$10,000,000— Boeing  Co.,  Seattle,  for  produc- tion of  aerospace  ground  equipment  for 
the  Minuteman  missile. 

$8,000,000 — General  Dynamics  Corp.,  San  Di- ego, for  continued  work  on  the  Atlas 
ICBM. 

$7,373,496 — Ryan  Aeronautical  Co.,  San  Di- 
ego, for  production  of  Q-2C  aerial  target 

drones  and  related  equipment. 
$5,000,000 — General  Dynamics  Corporation, 

San  Diego,  for  the  Atlas  E  updating  pro- gram. 
$5,000,000— Thiokol  Chemical  Corp.,  Bristol, 

Pa.,  for  research  and  development  of  an 
improved  stage  I  solid-propellant  rocket 
motor  for  the  Minuteman  missile.  Work 
will  be  done  in  Brigham  City,  Utah. 

$5,000,000  —  Aerospace  Corp.,  El  Segundo, 
Calif.,  for  provision  of  systems  engineer- 

ing, technical  direction,  management  serv- 
Ives  and  administrative  support  for  ballis- 

tic missile  space  programs. 
$3,854,153 — General  Dynamics  Corp.,  San  Di- ego, for  Installation  and  checkout  of  an 

operational  test  facility  at  Vandenberg AFB,  Calif. 
$3,723,410  —  Douglas  Aircraft  Corp.,  Santa Monica,  Calif.,  for  launch  services  at  Van- 

derberg  AFB  and  for  development  of  an 
air-to-air  rocket  fuze  (2  contracts). 

$3,309,250 — Martin  Marietta  Corp.,  Aerospace 
Division,  Denver,  for  study  of  design  cri- 

teria for  a  Titan  III  standardized  space launch  vehicle. 
$3,000,000— Lockheed  Aircraft  Corp.,  Sunny- 

vale, Calif.,  for  provision  of  Agena  equip- 
ment and  launch  support 

$2,000,000— Aerojet-General  Corp.,  Sacramen- 
to, Calif.,  for  research  and  development 

for  Titan  II  propulsion  systems. 
$1,804,000— General  Electric  Co.,  Syracuse, N.T.,  for  a  prototype  of  an  automatic 

nuclear  detonation  detection  and  report- ing system  (NUDETS) . 
$1,656,876— Douglas  Aircraft  Co.,  Santa  Mon- 

ica, Calif.,  for  launch  support  services  at 
Vandenberg  AFB,  Calif. 

$1,500,000— Aerojet-General  Corp.,  San  Ra- mon, Calif.,  for  research  and  development 
for  a  pilot  plant  for  production  of  hydra- zine rocket  fuel. 

$1,018,000— McDonnell  Aircraft  Corp.,  St. Louis,  for  research  and  development  on 
re-entry  vehicles. 

$630,821 — ACF  Industries,  Inc.,  Hyattsville, Md.,  for  work  on  a  classified  project  (sup- plemental contract). 
$400,000— Radio  Corporation  of  America,  De- fense Electronic  Products,  Burlington, Mass,  for  conceptual  study  of  an  opera- tional flight  control  scheme  for  the Saturn-class  space  vehicle. 
$235,007  —  General  Electric  Co.,  Syracuse, N.Y.,  for  production  of  test  instrumenta- 

tion and  components  for  an  air  weapons control  system  for  defense  against  air- 
breathing  weapon  systems. 

$82,250— Ford  Motor  Co.,  Newport  Beach, Calif.,  for  fabrication,  integration,  flight check,  and  technical  assistance  on  launch of  Blue  Scout  vehicles.  Work  will  be  per- formed at  Newport  Beach  and  Patrick AFB,  Fla. 

ARMY 

$16.343,522— Sperry  Rand  Corp.,  Salt  Lake City,  Utah,  for  Sergeant  guided  missiles engineering  services,  production  and 
ground  equipment  (2  contracts). 

$10,700,000  —  Genpral  Dynamics/Pomona, Calif.,  for  continued  research  and  devel- 
opment work  on  the  Mauler  weapon  sys- tem. 

Imi  mm®  taou  Uto? 

We've  got  it 

You're  looking  at  CEC's  model  5-124  Recording  Oscillograph.  Even  without 
accessories,  this  small,  18  channel  instrument  has  big  capabilities.  With 
accessories,  it  fulfills  the  need  for  any  special  application  requirements  you 
might  have.  For  example: 

It  can  automatically  expose  a  grid-line  system  on  the  record  in  either  0.1-inch 
increments  with  each  tenth  line  accentuated  or  millimeter  increments  with 
each  fifth  line  accentuated. 

It  can  identify  all  traces  by  sequential  interruption  at  a  12"  repetition  cycle. 
It  can  place  a  number  along  the  edge  of  the  record  opposite  each  trace  inter- 

ruption, corresponding  to  the  galvanometer  channel  position. 
It  can  have  a  full  record  width  electronic  flash  timing  system  that  provides 
switch  selected  timing  intervals  of  0.01,  0.1,  or  1.0  second.  Timing  system 
can  be  synchronized  from  an  external  source  at  frequencies  up  to  100  pps. 
It  can  stabilize  the  galvanometer  block  at  100  F. 
It  can  provide  record  speeds  on  special  order  of  0.125,  0.5,  2.0,  8.0,  32.0 
inches/sec.  or  0.25,  1.0,  4.0,  16.0,  64.0  inches/min. 

It  can  have  a  motorized  record  take-up  unit  that  attaches  to  the  front  of 
recorder  and  automatically  spools  oscillogram. 

As  it  is  or  as  you  want  it,  CEC's  5-124  Recording  Oscillograph  is  a  must  in 
your  laboratory.  Ask  your  nearby  CEC  office  for  full  details.  Or  write  for 
Bulletin  CEC  5124-X30. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA  •  A  SUBSIDIARY  OF  BELL  &  HOWELL 
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Togetherness,  with  Greater  Isolation... 

by  newNEMS-CLARKE£  Multicoupler 

Another  new  addition  to  the  Nems-Clarke  line  of  telemetry  equipment 
is  the  Solid  State  Multicoupler,  SSM-101.  It  accepts  the  output  of  an 
antenna-mounted  preamplifier  and  provides  eight  outputs  with  a  minimum 
isolation  between  any  two  outputs  of  50  db.  The  gain  is  held  to  approxi- 

mately unity  and  is  flat  within  3  db  across  the  band. 

The  SSM-101  is  designed  for  use  in  the  225-260  megacycle  telemetry  band 
but  can  be  supplied  to  cover  other  bands  between  55  and  300  megacycles. 
Input  and  output  connections  are  made  at  rear  of  the  unit  through  type  C 
connectors.  Its  integral  power  supply  will  also  energize  the  Nems-Clarke 
Solid  State  Preamplifier,  SSP-101. 

I I 

Write  for  Data  Sheet  899. 
Vitro  Electronics,  919  Jesup-Blair  Dr. 
Silver  Spring,  Maryland 
A  Division  of  Vitro  Corp.  of  America 

VISIT  VITRO  AT  I.R.E.  SHOW 
Booth  3821-3823. 

V/Yru £LECTf?QMC$ 

Specifications 

1    Poss  Bond   225-260  megacycles 
2-  Uniformity  response  within  3  db 
3.  Gain  approximately  unity 
4,  Isolation     between  outputs  50  db  minimum 
5  Receiver  outputs    8 
6.  Impedance  ....  Designed  to  operate  in 

50  ohm  system 
1  Power  source 

115  v,  60  cps.  .  .  approximately  6  watts 
8  Connectors  type  C 

$3,903,266— Thiokol  Chemical  Corp.,  Longhorn 
Division,  Marshall,  Tex,,  for  production  of 
rocket  and  missile  motors. 

$3,900,000 — Raytheon  Co.,  Bedford.  Mass.,  for 
detailed  field  tests  of  the  experimental 
ARPAT  interceptor  antimissile  defense concept. 

$1.865.179— Aerojet  General  Corp.,  Sacra- 
mento, Calif.,  for  metal  parts  for  Haul: missile  rocket  motors. 

$491,900 — J.  Hilbert  Sapp,  Inc.,  Orlando,  Fla  . for  construction  of  a  spacecraft  assembly 
building  at  Cape  Canaveral  for  NASA. 

$98.375 — Rocket  Power  Inc.,  Div.  of  Gabriel 
Co.,  Mesa.  Ariz.,  for  rocket  engines. 

INDUSTRY 

$5.000,000 — Lockheed  Propulsion  Co.,  Red- 
lands,  Calif.,  from  Space  and  Information 
Systems  Division  of  North  American  Avi- ation, Inc.,  for  design  and  configuration 
of  a  solid  propellant  launch  escape  motor 
for  the  Apollo  spacecraft. 

$1,000.000 — Dynalectron  Corp.,  Washington. 
D.C.,  from  Boeing  Company's  Military  Air- craft Systems  Div.,  Wichita,  Kan.,  for 
manufacture  of  infrared  countermeasures 

system. $600,000— Eitel-McCullough,  Inc.,  San  Carlos, 
Calif.,  from  Radio  Engineering  Labora- 

tories. Long  Island  City,  N.Y.,  for  high- 
power  microwave  klystron  tubes  and  asso- ciated circuitry  for  use  in  troposcatter 
radio  transmitters. 

$300,000 — Packard  Bell  Electronics  Corp.,  from Ford  Instrument  Division  of  Sperry  Rand 
Corp.,  for  two  shipboard  data  systems  for 
tracking  at  the  Atlantic  Missile  Range 

NAVY 

$48,189,123 — Raytheon  Co.,  Lexington.  Mass., 
for  Sparrow  III  guided  missiles,  work  to 
be  done  at  Waltham,  Lowell  and  Bedford, 
Mass.,  Oxnard,  Calif.,  and  Bristol.  Tenn. 

$8,176.300 — General  Electric  Co.,  Washington, 
D.C.,  for  main  propulsion  machinery,  asso- 

ciated parts  and  services  for  four  Polaris submarines.  Work  will  be  performed  at 
Lynn  and  Fitchburg,  Mass. 

$6.115.000 — Martin  Marietta  Corp..  Orlando. 
Fla.,  for  production  of  Bullpup  missiles. 

$4.144.450 — Westinghouse  Electric  Corp., 
Washington,  D.C.,  for  two  Polaris  main 
propulsion  machines  and  associated  on- board repair  parts,  special  tools,  tests, 
technical  data  and  stock  components. 
Work  will  be  performed  at  Essington.  Pa. 

$2.797.294 — Western  Electric  Co.,  Inc.,  Defense Activities  Division,  New  York  City,  for 
fire  control  equipment  for  Tartar  missiles. 
Work  will  be  accomplished  in  Winston- Salem.  N.C. 

$1.770.000 — General  Dynamics  Corp..  Pomona. 
Calif.,  for  further  development  work  on 
the  Terrier /Tartar  missile  systems. 

$1,489,879— General  Electric  Co.,  Washington, 
D.C.,  for  research  and  development  of 
BuWeps  documentation  for  the  Mark  2  J 
guidance  system.  Work  to  be  performed  • at  Pittsfield,  Mass. 

$600,227  —  Minneapolis- Honeywell  Regulator  I 
Co.,  Hopkins.  Minn.,  for  ASROC  missile  | 
components. 

$299.950— Sperry  Gyroscope  Co.,  Air  Arma- 
ment Div.,  Great  Neck.  N.Y.,  for  manu- facture of  lnertial  components  for  use  in] Polaris  guidance  systems. 

$160.871— Hughes  Aircraft  Co.,  Culver  City. 
Calif.,  for  facilities  in  support  of  the  con-] 
tractor's  performance  in  the  Fleet  Ballis- tic Missile  program. 

$107,300 — Aerojet-General  Corp.,  Sacramento. I 
Calif.,  for  facilities  in  support  of  the  con- 

tractor's performance  in  the  Fleet  Ballistic! Missile  program. 
$70,000 — Aircraft  Armaments,  Inc.,  Cockeys-j ville,  Md.,  for  field  engineering  services! 

for  Terrier /Tartar iTalos  telemetry  equip-;' ment. 40 Circle  No.  15  on  Subscriber  Service  Card 
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We  are  born  to  inquire  after  truth.. .  Montaigne 

Men  of  intellectual  curiosity  whose  vision  is 
unhampered  by  tradition  are  needed  for  challeng- 

ing career  positions  with  Guided  Missiles  Range 
Division  of  Pan  American  World  Airways,  Inc. 

GMRD,  as  prime  contractor  to  the  U.  S.  Air 
Force,  is  expanding  the  Planning,  Engineering 
and  Operations  Departments  and  continuing  to 
create  new  staff  positions  for  physicists,  engineers 
and  mathematicians  with  B.S.,  M.S.,  and  Ph.D. 
degrees. 

Compare  your  present  position  with  the  new 
opportunity  of  a  career  with  GMRD. 

If  you  are  then  interested  in  knowing  specific 

details,  address  your  resume  in  confidence  to: 

Professional  Employment  Manager,  Guided 

Missiles  Range  Division,  PAN  AMERICAN 

WORLD  AIRWAYS,  INC.,  Dept.  V-47,  P.  O. 
Box  4336,  MU  113,  Patrick  Air  Force  Base, 

Florida.  Inquiries  will  receive  prompt  replies  and 

all  qualified  applicants  will  be  considered  for 

employment  without  regard  to  race,  creed,  color 

or  national  origin. 

GUIDED  MISSILES  RANGE  DIVISION 

PATRICK  AIR   FORCE   BASE,  FLORIDA 

Circle  No.  9  on  Subscriber  Service  Card 41 



names  in  the  news 

Hughes  Aircraft  Company  has  ap- 
pointed six  new  vice  presidents:  John  W. 

Black,  vice  president  and  manager  of  the 
aeronautical  systems  division,  aerospace 
group;  Joseph  Ferderber,  vice  president 
and  manager  of  El  Segundo  division,  aero- 

space group;  Lester  M.  Field,  vice- 
president  and  assistant  group  executive, 
components  group;  William  L.  Hoffman, 
vice  president  of  administration  and  ma- 

teriel; Charles  B.  Huestis,  vice  president 
and  treasurer,  and  John  L.  Winkel,  re- 

gional vice  president.  Winkel  will  remain 

in  Washington,  D.C.,  while  the  others  will 
be  located  in  the  Los  Angeles  area. 

Thomas  H.  Morrin  and  Hugh  P.  Moore: 
Elected  to  the  board  of  directors  of  Radi- 

ation at  Stanford,  Palo  Alto,  Calif. 

John  K.  Records:  Named  manager  of 
the  Apollo  study  contract  recently  awarded 
by  NASA  to  General  Electric's  Defense Systems  Department,  Syracuse,  N.Y. 

Herman  A.  Bruson:   Promoted  to  vice 

DERIVING  ogc  NETWORKS 

FUND  THM:  x 
f  (X.Y.Z)  E  (X-Y#fx-) # (X#Y>fx-)  Y 

DEFINITIONS:  Z 

X#Y#Z5Maj(X,Y,Z);  fxyEf(X.X.Z);  fx-Ef  (X.X.Z) 

DERIVATION: 

Let  f  (X,Y,Z)  be  even-parity  function  P. 

Then  1^    =Z  and  fx-EZ  so 
P=(X#Y#Z)#(X#Y#Z)#Z 

The  fundamental  theorem  of  majority-decision  logic,  a  typical  product  of 
Univac's  Mathematics  and  Logic  Research  Department,  has  practical  as  well as  theoretical  interest.  The  even-parify  checker  derived  above  from  the  funda- 

mental theorem  can  be  treed  to  determine  the  parity  of  3"  bits  in  2n  logic 
levels  using  only  A  13"  —1)  three-input  majority  gates. 

Qualified  applicants  will  find  at  Remington  Rand  Univac  a  scientific  climate 
tuned  to  the  intellectual  curiosity  of  the  professional  man.  The  opportunity 
and  the  incentive  for  advancement  are  waiting  for  you  in  highly  significant 
positions  at  Univac.  You  are  invited  to  investigate  them  immediately. 

SAN  DIEGO,  CALIF. 
AEROSPACE  SYSTEMS  ENGINEERS 

COMPUTER  PROGRAMMERS  •  MILITARY  SYSTEMS  ANALYSTS 
SYSTEMS  TEST  AND  EVALUATION  ENGINEERS 

The  above  positions  are  now  available  at  Univac  in  San 
Diego.  Send  resume  of  experience  and  education  to: 

WILLIAM  LOWE 
Remington  Rand  Univac  •  P.O.  Box  6068  •  San  Diego  6,  Calif. 

ST.  PAUL,  MINN. 

LOGICAL  SYSTEMS  ANALYSTS    •    ENGINEER  WRITERS  • 
COMPUTER  LOGICAL  DESIGNERS    .    MILITARY  SYSTEMS 
ANALYSTS    .     COMPUTER  APPLICATION  ANALYSTS  . 

COMPUTER  PROGRAMMERS 
For  the  above  positions  in  our  St.  Paul,  Minn.,  labora- tories, send  resume  o]  experience  and  education  to: 

R.  K.  PATTERSON 
Remington  Rand  Univac  •  Univac  Park  •  St.  Paul  16.  Minn. 

COCOA  BEACH,  FLORIDA 
A  new  data  processing  center  is  being  established  in the  Cocoa  Beach,  Florida,  area  to  service  the  Atlantic 
Missile  Range.  Qualified  applicants  interested  in  a 
Florida  location  can  be  offered  very  challenging  work 
on  essential  range  problems.  Openings  include; 
•  PROGRAMMERS  -  SYSTEMS  ANALYSTS  for  correlation 
of"  radar  tracking  data  and  programming  techniques for  data  handling  and  data  reduction. 

Send  resume  of  experience  and  education  to: R.  K.  PATTERSON 
Remington  Rand  Univac  •   Univac  Park  •  St.  Paul  16,  Minn. 

(An  equal  opportunities  employer) 
There  are  also  immediate  openings  in  all  areas 
oj  digital  computer  development  at  our  other laboratories.  Inquiries  should  be  addressed  to: 

T.  M.  McC ABE Rem.  Rand  Univac P.O.  Box  500 Blue  Bell,  Pa. 
UNIVAC 

South  Norwalk,  Conn.     DIVISION  OF  SPERRY  RAND  CORPORATION 

. CLAVELOUX 
im.  Rand  Univac 

president  and  senior  scientist,  and  S.  Jack- 
son Wommack  to  vice  president-research, 

of  the  Organics  Division  Olin  Mathieson 
Chemical  Corp.,  Olin  Research  Center, 
New  Haven,  Conn.  Wommack  will  also 
be  responsible  for  development  at  the  Doe 
Run  organic  chemicals  plant,  Branden- burg, Ky. 

R.  W.  Kaplan:  New  president  of  the 
Owatonna  Tool  Company,  Owatonna, 
Minn.,  succeeding  A.  R.  Kaplan,  who  has 
been  made  vice  chairman  of  the  board. 

Arthur  J.  Cussen  and  William  E.  Stand- 
ring,  Jr.:  Continuing  to  head  divisions  of 
Infrared  Industries,  Inc.,  have  been  ap- 

pointed vice  presidents. 

James  R.  Harris:  Has  joined  Celanese 
Chemical  Company,  a  division  of  Cela- 

nese Corporation  of  America,  as  vice  pres- ident-marketing. 

Robert  S.  Alexander:  Chairman  of  the 
board  of  directors  of  the  Wells-Gardner 
Electronics  Corp.,  Chicago,  elected  vice 
president  of  the  newly-formed  U.S.  Instru- 

mentation and  Equipments  Group  of  In- 
ternational Telephone  and  Telegraph  Corp. 

Reuben  J.  Bierke:  Becomes  vice  pres- 
ident-manufacturing at  the  Columbus. 

Ohio,  division  of  North  American  Avia- 
tion, Inc.,  succeeding  Reginald  G.  Clarke, 

who  has  been  transferred  to  the  Autonetics 
Division,  Downey,  Calif.,  as  vice  presi- 

dent-central administration. 

Brig.  Gen.  Charles  H.  Terhune,  Jr.:  Will 
replace  Maj.  Gen.  Kenneth  P.  Bergquist 
as  commander,  Electronic  Systems  Divi- 

sion, Air  Force  Systems  Command,  L.  G. 
Hanscom  Field,  Mass. 

Robert  H.  Essig:  Has  been  promoted  to 
the  post  of  contracts  manager  at  Lear- 
Romec  Division,  Lear,  Inc.,  Elyria,  Ohio. 

Jesse  R.  Lien,  Richard  M.  Osgood,  and 
H.  C.  Tittle:  Promoted  from  general  man- 

agers to  vice  presidents  of  Sylvania  Elec-  ] tronic   Systems,   a   division  of  Sylvania  j 
Electric  Products  Inc.;  Lien  as  vice  presi-  | 
dent  and  general  manager  of  western  oper-  I 
ation  in  Mountain  View,  Calif.;  Osgood  as  j 
vice  president  and  general  manager  of  the 
eastern  operation  in  Waltham,  Mass.;  and  | 
Tittle,  vice  president  and  general  manager 
of  the  central  operation  in  Buffalo,  N.Y.  I 

Kenneth  V.  Tindall:  Has  been  brought , 
into  Gulton  Industries,  Inc.'s  Washington, 
D.C.,  office,  as  systems  marketing  special- ist. 

Richard  F.  Uhlmann:  Named  to  the'l 
board  of  directors  of  Chicago  Aerial  In-1 
dustries,  Inc.,  Barrington,  111. 

M.  J.  Connolly,  Jr.  and  Raymond  P.  I 
Moore:  Appointed  to  the  positions  of  vice! 
president-manufacturing  and  vice  presi-J 
dent-sales  and  marketing,  respectively,  ofj 
General  Devices,  Inc.,  Princeton,  N.  J 
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Advanced-program  openings  at  Boeing  for 

STRUCTURAL  AND  ELECTRONIC/ ELECTRICAL  ENGINEERS 

Boeing's  Aero-Space  Division,  holder  of  major  contracts  on  such 
advanced  space  programs  as  Saturn,  Dyna-Soar  and  Minuteman, 
has  a  number  of  immediate,  long-range  openings  offering  profes- 

sional challenge,  and  in  many  instances, 
unique  ground-floor  opportunities  in 
newly-formed  divisional  organizations. 

Structural  engineering  openings  require 
knowledge  of  the  air  loads,  high  heating 
rates,  extreme  differential  temperatures, 
material  oxidation  and  creep  associated 
with  advanced  vehicles  designed  for  flight 
regimes  ranging  from  orbital  to  normal 
landing  speeds. 

Electronic/Electrical  engineering  as- 
signments are  available  in  many  areas, 

including  the  design  of  electronic  equip- 

ment, the  development  of  improved  design  techniques,  electronic 
parts,  electronic  packaging  techniques  and  the  design  and  develop- 

ment of  improved  electronic  systems. 
Salaries  are  commensurate  with  all  levels 
of  education  and  experience.  Minimum 
requirements  are  a  B.S.  degree  in  any 
applicable  scientific  discipline.  Most  of 
the  assignments  are  in  the  uncongested 
Pacific  Northwest,  offering  outstanding 
family  living  and  recreational  advantages. 

Send  your  resume,  today,  to  Mr.  Carl 
Anderson,  The  Boeing  Company,  P.  0. 
Box  3707-MRM,  Seattle  24,  Washing- 

ton. The  Boeing  Company  is  an  equal 
opportunity  employer. 

Divisions:  Military  Aircraft  Systems   •   Transport   •  Vertol AERO-SPACE   •   Industrial  Products— Boeing  Scientific  Research  Laboratories 
43 



A  GROUP  of  4-in-l  gaseous  dif- 
fusion furnaces  were  recently  developed 

by  C.  I.  Hayes,  Inc.,  for  diffusing  sili- 
con wafers  at  1300°C.  Each  of  the 

furnaces  consists  of  four  diffusion  units 
mounted  on  a  control  cubicle,  and  each 
unit  incorporates  tubes  2-in.-ID  by  26- 

Wire  Solder  Dispenser 

A  wide  range  of  bayonet  probes  for 
electronic  soldering  has  been  announced 
by  Commercial  Products  Div.,  Inter- 

national Electronic  Research  Corp. 
The  extension  probes  swivel  into  any 
position  desired,  and  provide  backup 
pressure  on  solder  at  point  of  soldering 
as  well  as  providing  a  means  of  hold- 

ing the  lead  in  position  in  difficult-to- 
reach  places  in  a  chassis. 

The  heat-sink  probe  has  a  longitudi- 
nal groove  which  serves  to  index  the 

probe  on  the  lead  of  transistor,  diode 
or  other  heat-sensitive  component,  and 
has  eliminated  the  need  for  heat-sink 
clamps  in  many  applications.  The 
stubby  probe  was  developed  specifically 
for  the  soldering  of  connectors. 

Circle  No.  226  on  Subscriber  Service  Card 

Silicon  Mesa  Transistors 

VHF  silicon  mesa  transistors  in  the 
medium  power  range  are  available  from 
Clark  Semiconductor  Corp.  The  tran- 

sistors, triple-diffused  NPN  mesa  de- 

in.-long  surrounded  by  zirconia  muf- 
flers. Temperature  settings  are  estab- 
lished for  each  unit  by  separate  instru- 
ments and  controls  to  maintain  a  16-in. 

flat  zone  with  a  temperature  uniformity 

within  ±1"C. Circle  No.  225  on  Subscriber  Service  Cord 

vices  utilizing  advanced  production 
techniques,  are  designated  type  SN- 
101 — rated  at  200mc  with  a  minimum 
output  of  3  watts  in  amplifier  circuits, 
and  type  SN-102 — rated  at  lOOmc  with 
a  minimum  output  of  5  watts  in  ampli- 

fier circuits.    Although  they  are  de- 

cide No.  16  on  Subscriber  Service  Cord 
missiles  and  rockets,  February  26,  1962 



Is  your  ̂ ^1962 

problem 

RELIABILITY? 

FREBANK 

COMPANY  / 

HAS  PIONEERED  '1 
IN  THE  PRESSURE 
SENSING  AND 
FLUID  CONTROL 
FIELDS 

This  company's 
engineering  capa- 

bility is  unmatched 
in  the  design  and 
development  of 
precision  performance 
PRESSURE  SWITCH 
REGULATORS  and 
RELIEF  VALVES 

hi 

i 

FOR  AIRCRAFT,  MISSILE  AND 
ROCKET  APPLICATIONS 

Its  products  are  designed  to  satisfy  all 
types  of  exotic  requirements.  They  are 
vibration  resistant ...  and  built  to  oper- 

ate efficiently  in  extreme  environmental 
conditions. 

Manufacturing  techniques,  coupled  with 
the  "quick  reaction  capability"  built  into 
the  company  by  its  management,  makes 
Frebank  an  excellent. ..dependable  source 
for  specialized  components. 

Frebank's  engineering  talent  is  ready  to 
serve  you.  The  company's  products  are 
all  designed  to  meet  the  customer's 
exact  specifications. 

Write  for  further 
information. 

FREBM1K 
>    V  > 
COMPANY^ 

711  W.  BROADWAY  •  GLENDALE  4,  CALIF. 
PRESSURE  SWITCHES  •  REGULATORS  •  VALVES 

Circle  No.  17  on  Subscriber  Service  Card 

signed  for  use  in  amplifier  service  up 
to  250mc,  oscillator  operation  is  pos- 

sible up  to  400mc. 
Circle  No.  227  on  Subscriber  Service  Card 

Gyro  Test  Table 
American  Optical  Co.,  Fecker  Di- 

vision, has  developed  a  multimode  digi- 
tally controlled  table  to  test  gyros,  ac- 

celerometers  and  guidance  systems.  It 
can  be  supplied  with  a  variety  of  digital 
transducers,  turned  by  means  of  a  worm 
gear  360  degrees  around  a  tilt  axis,  and 
is  automatically  driven  around  a  table 
axis  by  means  of  a  directly  coupled 
torque  motor  controlled  by  the  digital 
transducer.  By  use  of  a  digital  control 
system  the  table  can  be  turned  at  se- 

lected rates  of  speeds. 
Circle  No.  228  on  Subscriber  Service  Card 

Incremental  Gaussmeter 

The  development  of  an  incremental 
gaussmeter  to  facilitate  research,  de- 

sign, testing  and  production  in  magnetic- 
field  measuring  projects  has  been  an- 

nounced by  F.  W.  Bell,  Inc.  It  will 
operate  both  as  a  conventional  flux 

measuring  and  plotting  instrument  and 
as  an  expanded-scale,  suppressed  zero 
meter  for  observing  small  changes  in 
flux  density.  Additional  features  in- 

clude meter  overload  protection,  system 
overload  indicator  insuring  linear  oper- 

ation on  all  ranges. 
Circle  No.  229  on  Subscriber  Service  Card 

Mechanical  Filters 

A  line  of  mechanical  filters  is  avail- 
able from  Daystrom,  Inc.,  Transicoil 

Division.  The  unit  is  an  integrated  pack- 
age containing  a  heavily  damped  two- 

phase  servo  motor,  an  inductive  po- 
tentiometer and  appropriate  coupling. 

Although  it  has  a  servo-type  mount  for 
proper  heat  sinking,  all  inputs  and  out- 

puts to  the  device  are  electrical.  A 
voltage  to  the  input  winding  results  in 
a  proportional  rate  of  change  of  the  out- 

put voltage. 
Circle  No.  230  on  Subscriber  Service  Card 

Selenium  Rectifier  Stack 

Extending  the  range  of  selenium 
rectifiers  to  as  high  as  hundreds  of  kilo- 
volts,  a  compact,  highly  versatile  pack- 

Coating  problems  on 
launcher  arms,  launchers, 

flame  deflectors,  flame  buckets 

Specialized  coating  problems? 
The  Rust-Oleum  Corporation 
specializes  in  the  research,  de- 

velopment, and  manufacture  of 
coatings  for  particular  problems 
in  the  missile  and  aircraft  in- 

dustry. Skilled  Rust-Oleum  spe- 
cialists and  technical  service 

personnel  are  available  to  work 
hand-in-hand  with  you  and  your 
organization.  May  we  hear 
from  you? 

RUST-OLEUM  CORPORATION 
2675  Oakton  St.    •    Evanston,  III. 

Forty  years of  industry 

proof. 

=-  \  Distinctive Wkh~>      as  your  own 

fingerprint. 

RUST-OLEUM 

STOPS tt/STL 

Circle  No.  18  on  Subscriber  Service  Card 



W}®  IR  Report t 

New  wide-angle,  high- 

resolution  Bouwers-Maksutov 

infrared  optical  system 

Another  Servo -designed,  high  -  precision  system 

Another  Servo-designed  optical 
system  for  a  complex  customer 
requirement  of  interest  to  the 
infrared  industry,  the  Bouwers- 
Maksutov  system  shown  above 
provides  wide-acceptance  angle 
and  high  resolution. 

Glass  formulation,  fabrication, 
grinding,  polishing  ...  all  mount- 

ings .  .  .  optics  checkout  — a  Servo 
system  throughout. 
Company-sponsored  R&D  pro- 

grams are  currently  in  progress  at 
Servo  on  optical  materials,  infra- 

red fiber  optics,  polarization,  and 
communications  systems  — as  well 
as  in  a  number  of  other  areas  of 
infrared  technology. 
New  far-infrared  transmitting 

glasses  have  been  discovered  by 
Servo  scientists  — all  of  interest  to 
the  infrared  optical  designer. 

From  a  complex  infrared  system 
to  a  simple  infrared  lens  . . . 
look  to  the  Servo  solution 

-■  IR  systems  -■  IR  optics  -■  IR 
achromats  — ■  IR  meniscus  lenses  — ■ 
IR  bolometers  -■  IR  detectors  and 
associated  circuitry  — ■  IR  lenses, 
windows,  prisms,  wedges,  domes  — ■ 
IR  servofrax ®  (arsenic  trisulfide 
glass)  -■  Other  IR  areas-of-glass 
compositions 

Send  for  new  servo/inkrared  brochure  and 
handy  file  folder.  Details  Servo's  IR  capa- bility in  depth. 

A  SERVO  CORPORATION 

w     OF  AMERICA 
111  New  South  Road  •  Metafile,  L.  I.,  N.Y.  •  WEIIs  3  9700 

age  has  been  announced  by  Radio  Re- 
ceptor Co.  Each  stack  is  composed  of 

a  series  of  flat  cylindrical  modules, 
studded  together  through  a  metallic, 
threaded  insert  in  the  center  of  each 
face,  resembling  a  standard  hockey 
"puck."  These  units  will  not  replace 
vacuum  tubes  in  applications  requiring 
both  high  voltages  and  high  current, 
but  they  provide  unique  advantages  in 
high-voltage  applications  where  the  cur- 

rent demands  are  moderate. 
Circle  No.  231  on  Subscriber  Service  Card 

Meter  Mover 
Instrument  Mount 

A  meter  mover  has  been  perfected 
by  Hoffman  Engineering  Corp.,  for 
positioning  of  photometers,  pyrometers, 
cameras,  microscopes  and  other  instru- 

ments where  infinitesimal  precision 
measurements  are  required. 

The  standard  unit,  with  component 

rack  attachment,  will  hold  any  measur- 
ing instrument,  camera  or  other  device 

up  to  7  lbs.  maximum  and  4  in.  wide. 
It  provides  for  movement  within  a  cubic 
area  24  in.  wide,  19VS  in.  high  and  3V5- 
in.  deep,  and  can  be  securely  mounted 
to  almost  any  bench  or  table.  Other 
sizes  are  available. 

Circle  No.  232  on  Subscriber  Service  Card 

Frequency  Sensors 

A  frequency  sensor  has  been  de- 
veloped by  Jordan  Electronics  division 

of  The  Victoreen  Instrument  Co.  This 
device  senses  a  preset  band;  when  the 
frequency  increases  to  the  upper  limit 
or  decreases  to  the  lower  limit  of  the 
band,  solid-state  circuitry  de-energizes 
the  relay  and  thereby  opens  the  DPDT 
contacts.  The  relay  remains  de-ener- 

gized until  the  line  frequency  is  within 
the  preset  band.  The  sensor  outputs  can 
be  specified  as  either  a  miniature  relay 
or  a  solid-state  switch.  Outstanding 
features  include  automatic  resetting,  low 
operating  power  requirement,  reverse 
polarity  protection  and  a  wide  operating 
range  of  from  20  to  220  volts  ac. 

Circle  No.  233  on  Subscriber  Service  Card 

Quadruple-Output Power  Supply 

Trygon  Electronics  Inc.,  has  avail- 
able a  quadruple-output  regulated  power 

supply.  Four  independent  modular  sup- 
plies comprise  the  power  supply  system, 

furnishing  any  combination  of  three 
different  output  ranges.  The  output 
current  is  adjustable  from  50  ma  to 
rated  current  output  to  limit  the  cur- 

rent into  an  overload  or  short-circuit 
condition.  The  short-circuit  protection 
is  fully  automatic  current  limiting, 
which  resets  the  supply  automatically. 

A  switchable  voltmeter  and  am- 
meter set  is  mounted  on  the  front  panel 

to  monitor  the  four  outputs  sequentially, 

and  each  supply  has  its  own  "off-on" 

Concentric-Shaft  Switch 

Janco  Corp.  has  announced  a  rotary, 
concentric-shaft  switch  featuring  dual 
shafts.  Called  the  Series  5-1900,  it  fea- 

tures up  to  16  positions  single  or  multi- 
pole  and  is  designed  to  exceed  MIL-S- 
6807A.  The  switch  permits  one  set  of 
poles  to  be  rotated  independently  of  the 
other  set.  Up  to  six  poles  per  shaft, 
with  a  total  of  12  poles  or  any  com- 

bination of  decks  and  positions  are 
available.  Being  totally  enclosed,  it  af- 

fords protection  against  corrosion, 
humidity,  dust  and  fungus. 

Circle  No.  235  on  Subscriber  Service  Card 
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Become  a  part  of  the  nation's  long 
range  space  explorations  programs 

with  Calt  ech's  Jet  Propulsion  Labora- 
tory. The  National  Aeronautics  and 

Space  Administration  has  assigned 

JPL  a  key  role  in  the  nation's  lunar, 
planetary  and  interplanetary  explora- 

tion programs.  JPL  is  looking  for  the 
best  people  to  fill  important  jobs. 
Here  are  some  of  them: 

PROPULSION  ENGINEERS 

SENIOR  RESEARCH  ENGINEERS 
to  study  combustion  in  solid  propellants. 
Must  have  background  in  mass  and  heat 
transfer,  5  years  experience,  and  advanced 
degree  in  Physics  or  Engineering. 
RESEARCH  ENGINEERS  with  degree 
in  Engineering,  Mathematics  or  Physics 
to  study  applications  of  solid  propulsion 
systems  to  lunar  and  planetary  exploration, 
i.  e.,  effects  of  environments  of  deep  space, 
radiation  and  vacuum,  sterilization  of  pro- 

pulsion systems,  development  of  advanced 
propellants  and  propulsion  systems. 

PHYSICIST 
ELECTRIC  PROPULSION  DEVICES 

EXPERIMENTAL  PHYSICIST  to 
conduct  laboratory  evaluation,  utilization 
studies,  and  research  on  electric  propulsion 
devices. 

M.  S.  or  higher  in  Physics  or  Electrical 
Engineering  with  experience  testing  ion  mo- 

tors, ion  sources,  or  other  related  devices. 

"Research  and  development  for 
America's  lunar,  planetary  and 

interplanetary  explorations  programs." 
Send  Complete  Resume  to 

JET  PROPULSION 
LABORATORY 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
4808  OAK  GROVE  DRIVE 
PASADENA,  CALIFORNIA 

"An  equal  opportunity  employer" 

new  literature 

COAXIAL  CABLE/CONNECTORS— 
Microdot  Inc.,  assemblies  and  harnesses 
for  miniaturized  coaxial  circuitry  are 
described  in  bulletin  A&H-l.  Features 
of  these  microminiature  coaxial  cable 
and  connector  assemblies  are  light 
weight,  smaller  diameters,  high  operat- 

ing temperatures,  and  convenient  bend 
radius  of  the  cable. 

Circle  No.  200  on  Subscriber  Service  Card 

TESTING  AND  TEST  EQUIPMENT 
— Kearfott  Division,  General  Precision, 
Inc.,  has  announced  an  addition  to  the 
"Technical  Information  For  The  Engi- 

neer" series.  It  describes  in  detail  the 
various  types  of  tests  applied  to  syn- 

chros, servo  motors,  resolvers  and  ac- 
celerometers  to  discover  or  verify  the 
operational  parameters  and  character- 

istics of  such  components.  It  delineates 
— through  definitive  description  and 
supporting  diagrams,  equations,  charts, 
graphs,  and  tables — the  theory,  proce- 

dures, and  equipment  involved  in  the 
proper  performance  of  testing  functions. 

Circle  No.  201  on  Subscriber  Service  Card 

HOT  GAS  CONTROL  SYSTEMS— 
An  article  series  reprint  with  20  pages 
of  design  and  application  data  covering 
use  of  hot  gas  reaction  for  aero-space 
vehicle  control  is  available  from  Kidde 
Aero-Space  Division,  Walter  Kidde  & 
Co.  Inc.  The  three-part  booklet  first 
describes  basic  considerations  in  choos- 

ing the  hot  gas  system,  primary  applica- 
tions, and  an  analysis  of  design  factors 

and  special  characteristics.  Design  of  a 
hot  gas  servoactuator  is  considered  in 
the  second  section.  The  third  portion 
covers  use  of  reaction  to  control  ve- 

hicle attitude. 
Circle  No.  202  on  Subscriber  Service  Card 

WAVEGUIDE  COMPONENTS  —  A 
six-page  folder  describing  a  stocked  line 
of  high-quality  cast  waveguide  compon- 

ents is  available  from  Microwave  Asso- 
ciates, Inc.  Compensated  cast  bends 

from  S  through  Ku-band,  folded  hy- 
brid tees  from  S  through  Ka-band,  E/H 

adapters  and  sidewall  hybrid  couplers 
from  S  through  Ka-band  are  outlined 
with  accompanying  photographs. 

Circle  No.  203  on  Subscriber  Service  Card 

MAGNETIC  ALLOYS  AND  CAST- 
INGS— A  bulletin  describing  magnetic 

materials,  their  properties  and  the  facil- 
ities for  their  manufacture  is  available 

from  the  Westinghouse  Electric  Corp's. 
materials  manufacturing  department. 
The  booklet  contains  curves  and  charts 
illustrating  comparative  magnetization 
and  permeability  of  the  various  soft 
magnetic  materials. 

Circle  No.  204  on  Subscriber  Service  Card 

NEW  PHOTOELECTRIC 

ANALOG  to  DIGITAL 

CONVERTERS 

SHAFT  POSITION 

ENCODERS 

SERIES  1  000  SPECIFICATIONS 
Diameter:    9%  inches 

Depth:    4  V2  inches 
Weight:    36  pounds 
Available  with  solid 
shaft  or   hollow  shaft. 

MODEL  BITS  SECS.  OF  ARC: 
1 020  18  5 
1010  17  10 
1 000  16  20 

WRITE  FOR 
DESCRIPTIVE  LITERATURE 

AR&T  ELECTRONICSJnc. 
BOX  627     LITTLE  ROCK,  ARK. 

A  WHOLLY-OWNED  SUBSIDIARY  OF 

THE  BALDWIN 

PIANO  COMPANY 
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-when  and  where- 

FEBRUARY 
Third  Annual  Symposium  on  Nondestruc- 

tive Testing  of  Aircraft  and  Missile 
Components  (Southwest  Research  In- 

stitute), Gunter  Hotel,  San  Antonio, 
Tex.,  Feb.  27-Mar.  1. 

Application  of  Switching  Theory  in  Space 
Technology,  symposium  sponsored  by 
Air  Force  Systems  Command,  Air 
Force  Office  of  Scientific  Research,  and 
Lockheed  Missiles  and  Space  Co.,  Sun- 

nyvale, Calif.,  Feb.  27-Mar.  1. 

MARCH 
Institute  of  Radio  Engineers,  8th  Scintil- 

lation and  Semiconductor  Counter 
Symposium,  Washington,  D.C..  Mar. 
1-3. 

Pittsburgh  Conference  on  Analytical 
Chemistry  and  Applied  Spectroscopy, 
sponsored  by  the  Society  for  Analytical 
Chemists  and  the  Spectroscopy  Society, 
Penn-Sheraton  Hotel,  Pittsburgh,  Mar. 5-9. 

Fifth  Annual  Technical  Conference  Society 
of  Vacuum  Coaters,  Sheraton-Cleve- 

land Hotel,  Cleveland,  Mar.  6-7. 

Society  of  American  Value  Engineers 
(SAVE)  Annual  Meeting,  Marriott 
Motor  Hotel,  Washington,  D.C.,  Mar. 6-7. 

Armed  Forces  Communications  and  Elec- 
tronics Association,  Cape  Canaveral 

Chapter,  symposium,  Cocoa  Beach, 
Fla.,  Mar.  6-8. 

Flight  propulsion  Meeting  (classified),  In- 
stitute of  the  Aerospace  Sciences, 

Cleveland,  Mar.  8-9. 
American  Society  for  Quality  Control, 

Middle  Atlantic  Conference,  Statler- 
Hilton  Hotel,  Washington,  D.C.,  Mar. 8-9. 

First  Microminiaturization  Congress  and 
Exhibition,  sponsored  by  American 
Watchmakers  Institute,  Hotel  Com- 

modore, New  York  City,  Mar.  10-13. 
National  Electrical  Industries  Show,  New 

York  Coliseum,  New  York  City,  Mar. 
11-14. 

1962  Symposium  on  Packaging  of  Chemi- 
cal Products,  sponsored  by  Manufac- 

turing Chemists  Association,  Inc.,  St. 
Louis,  Mar.  13-14. 
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HIGH  TEMPERATURE  RESISTANCE 
ELASTOMERS  AND  COMPOSITES 
Molded  •  Exiruded  •  Sheets 

for 

•  INSULATION  of  critical  vehicle  components 
•  ABLATING  MATERIALS  for  covers,  shells, 

boots,  mandrels,  cones 
•  HI-TEMP.  OPERATING  COMPONENTS- 

mounts,  bellows,  exit  cones,  rings,  seals, flexible  hose,  tubing 

Materials  Development  — 
Engineering  —  Production 

R.  E.  DARLING  CO.,  INC. 
4847  Cordell  Ave.  Bethesda,  Md. 
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editorial . . 

"This  is  Friendship  7  .  .  .  Zero  G  and  I  feel 

fine  .  .  .  Oh,  the  view  is  tremendous." 
— John  H.  Glenn,  Jr. 

Oh  I  have  slipped  the  surly  bonds  of  earth 

And  danced  the  skies  on  laughter-silvered  wings; 

Sunward  I've  climbed  and  joined  the  tumbling  mirth 
Of  sun-split  clouds  and  done  a  hundred  things 

You  have  not  dreamed  of — wheeled  and  soared  and  swung 
High  in  the  sunlit  silence.  Hovering  there, 

I've  chased  the  shouting  wind  along,  and  flung 
My  eager  craft  through  footless  halls  of  air. 

Up,  up  the  long  delirious  burning  blue 

I've  topped  the  wind-swept  heights  with  easy  grace 
Where  never  lark,  or  even  eagle  flew. 

And,  while  with  silent,  lifting  mind  I've  trod 
The  high  untrespassed  sanctity  of  space, 

Put  out  my  hand,  and  touched  the  face  of  God. 

— "High  Flight,"  by  John  Gillespie  Magee,  Jr. 



MILITARY  COMMAND  TECHNOLOGY...  A  NEW  SCIENCE  FOR  NATIONAL  DEFENSE 

Systems  that  instantly  provide  the  military  Commander 
with  the  information  necessary  for  decision. 

Systems  to  enable  the  Commander  to  control 
all  his  forces  under  any  conditions. 

This  is  the  purpose  of  Military  Command  Technology. 
It  is  the  work  carried  out  at  MITRE. 

It  includes  command  systems,  control  systems, 
intelligence  systems,  warning  systems,  and 

support  systems.  It  encompasses  a  vast 
network  of  interrelated,  constantly  evolving 

systems  that  protect  our  country. 

The  designer  of  these  systems  must  be  able  to 
visualize  how  war  would  be  fought.  He  will  work 

closely  with  the  nation's  top  policy  makers. 
He  will  help  solve  the  problems  of  military  command 

—  nature,  deployment,  and  use  of  weapons; 
war-plans;  control  of  forces;  missions; 

logistics;  support  and  intelligence  operations. 
But,  most  important  —  he  must  be  able  to  apply 

existing  and  predictable  technology  to  the 
abstract  problems  of  future  military  command. 

Military  Command  Technology,  in  short,  is  a  systems 
engineering  task  of  overwhelming  importance. 

MITRE  has  men  who  can  get  the  job  done.  And 
there  is  room  at  MITRE  for  more  such  men  — 

top  professionals  who  feel  they  want  to  serve  their 
country  in  a  vital  area.  There  are  key  assignments 

available  in  system  analysis  and  planning; 
intersystem  integration;  general  system  engineering; 

initial  system  design;  and  research  and 
experimentation.  Facilities  are  at  Bedford,  Mass.; 

Washington,  D.  C;  Colorado  Springs. 

If  you  feel  you  can  advance  this  new  science, 
you  are  urged  to  write  in  confidence 

to  Vice  President  —  Technical  Operations, 
The  MITRE  Corporation,  Box  208, 

Dept.WYl  2  Bedford,  Mass. 
THE  I 

MITRE 

MITRE  is  an  independent,  nonprofit  corporation 
working  with  —  not  in  competition  with 

—  industry.  Formed  under  the  sponsorship  of 
the  Massachusetts  Institute  of  Technology, 
MITRE  serves  as  Technical  Advisor  to  the 

Air  Force  Electronic  Systems  Division 
and  is  chartered  to  work  for  such 

other  Government  agencies  as  FAA. 

An  Equal  Opportunity  Employer 



We  put  the  earth  and  the  moon  in  this  box -and  backed  off  a  billion  miles 

This  is  an  earth-moon  simulator  developed  by  Northrop. 
As  its  name  implies,  it  shows  us  how  the  earth,  or  the 

earth-moon  system,  would  look  to  an  observer  in  space, 
from  80,000  miles  all  the  way  out  to  1  billion  miles.  It 
was  built  to  test  the  sensing  devices  which  space  vehicles 
use  to  track  the  earth,  so  they  can  guide  themselves 
and  point  their  communications  antennas  at  the  earth. 

The  earth-moon  simulator  is  not  only  an  important 
research  tool,  but  also  a  major  step  toward  quality  con- 

trol in  space  systems.  It  was  designed  and  built  by  the 
Nortronics  Division  of  Northrop.  It  will  be  used  by  Cal- 

tech's  Jet  Propulsion  Laboratory,  contractor  to  the  Na- tional Aeronautics  and  M^KTU  ^% ffc 
Space  Administration.  Ilvll  I  UllUr 



Premix  Facility  To  Be  Adapted  by  Thiokol 

AF,  DOD  Split  on  Military  Space  Role  . 

[Latest  Edition  of  M/R's  Astrolog  

{Thiokol  Automates  Its  Batch  Mixing  .  .  .  .  30        an  American  aviation  publication 



Wide  Range  of  Neutron  Energy, 

With  Tailored  Neutron-to-Gamma  Ratio, 

Produced  Amid  Temperatures  from  2800°C  to  -253°C 

Complete  General  Electric  nuclear  facilities  can  provide  the  exacting  en- 
vironmental conditions  needed  to  test  materials  for  America's  nuclear-in- 

space  hardware.  With  test  reactors  now  operating,  General  Electric's 
Vallecitos  Atomic  Laboratory  can  tailor  cryo-nuclear  and  pyro-nuclear 
environments — environments  created  through  selection  of  neutron  energy, 
neutron-to-gamma  ratio,  and  by  temperature  control.  Experimental 
planning  is  simplified  by  complete  facilities  for  materials  examination 
and  experiment  fabrication.  A  unique  capability  of  the  fully  integrated 
laboratory  is  the  speed  of  investigation  and  reporting  of  results  —  made 
possible  by  full  chemical-metallurgical  capability  and  on-site  post-irra- 

diation examination  equipment.  General  Electric  Co.,  Vallecitos  Atomic 
Laboratory,  P.O.  Box  846,  Pleasanton,  Calif.  137-02 

ELECTRIC 



You  can  be  sure 

to  play  an  important  part 

in  the  exploration  of  space 

...when  you  join  NASA 

A  factual  statement  on  career  opportunities  for  scientists  and  engineers 
from  James  E.  Webb,  head  of  NASA 

The  exploration  of  space,  for  peaceful  purposes 
and  the  benefit  of  all  mankind,  is  the  most  chal- 

lenging assignment  ever  given  to  the  American 
scientific  and  engineering  community. 

To  the  men  of  NASA,  the  space  program  has 
many  objectives :  broad  scale,  rapid  advancement 
of  scientific  knowledge  of  space,  the  moon  and 
planets  .  .  .  the  creation  of  a  worldwide  opera- 

tional network  of  weather  satellites  .  .  .  the  estab- 
lishment of  a  global  satellite  system  of  communi- 

cations .  .  .  prompt  feedback  of  space  technology 
into  our  economy  .  .  .  and  many  others.  Techno- 

logical advances  through  our  space  effort  will 
bring  total  benefits  exceeding  those  of  any  other 
undertaking  in  history. 

The  scientists  and  engineers  who  are  directly 
involved  in  NASA's  space  program  are  faced 
with  formidable  research  and  development 
problems.  NASA  needs — and  seeks — the  best 

creative  scientific  and  engineering  talent  our 
nation  has  to  offer. 

We  will  provide  the  professional  men  who  join 
NASA  with  the  tools  they  need:  a  truly  intel- 

lectual atmosphere,  a  framework  for  easy  com- 
munication with  colleagues  in  universities  as  well 

as  government  and  industry  laboratories,  the 
most  advanced  equipment  available,  and  the 
technical  and  clerical  support  to  let  you  concen- 

trate on  the  important  aspects  of  your  work. 
Still,  the  greatest  personal  satisfaction  may  be 

found  in  the  scope  of  the  individual  assignment 
and  in  the  end  product  of  the  work — breaking  out 
from  the  world  we  know  into  an  entire  new  world 
and  uncovering  a  flood  of  new  benefits  not  only 
for  ourselves,  but  for  all  mankind. 

To  scientists  and  engineers  in  all  disciplines,  at  all  levels: 
The  dynamic  expansion  of  NASA  has  created 
outstanding  career  positions  and  opportunities 
for  rapid  advancement.  Career  appointments  are 
available  in  ten  different  locales:  Washington, 
D.  C. ;  Greenbelt,  Maryland;  Mountain  View  and 
Edwards,  California;  Hampton  and  Wallops 
Island,  Virginia;  Cleveland,  Ohio;  Huntsville, 

Alabama;  Cape  Canaveral,  Florida;  and  Hous- 
ton, Texas. 

Find  out  how  you  may  contribute  to  the 
American  space  effort.  You  need  send  only  one 
resume — it  will  be  reproduced  and  distributed 
to  all  NASA  facilities  for  evaluation. 

Write  to:  Director,  Professional  Staffing,  NASA 
Headquarters,  Washington  25,  D.  C. 
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Do  you  share  his  ability  to  uncomplicate  ideas? 

Even  the  most  esoteric  problems  yield  to  his  special  kind  of  common  sense.  He  always  has  a  new  point  of  view  to 
suggest,  a  fresh  approach  to  try.  He  never  forgets  that  simplicity  is  the  final  goal  of  engineering. 

If  you  share  this  talent  come  to  Northrop.  Work  in  such  diverse  project  areas  as  space  guidance  and  astro-inertial 
navigation,  automatic  control  and  checkout,  laminar  flow  control,  aerospace  deceleration  and  orbital  rendezvous 

techniques,  and  world-wide  communications  systems.  More  than  70  such  projects  are  now  in  work  at  Northrop. 

You'll  find  particularly  attractive  opportunities  in  opto-mechanical  systems  design,  space  materials  research  and 
nuclear  physics.  But  if  you  have  a  knack  for  getting  things  done,  there's  a  spot  for  you  at  Northrop  whatever  your 
specialty. 

For  more  specific  information,  write  to  Dr.  Alexander  Weir,  Northrop  Cor- 
poration, Box  1525,  Beverly  Hills,  California.  You  will  receive  a  prompt  reply. NORTHROP 
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letters 

Bipartisan  Procrastination 
To  the  Editor: 

I  have  read  with  growing  unrest  the 
various  articles,  editorials,  reports  and 
stories  about  the  stand  of  our  government 
concerning  development  of  proper  super- 
boosters  for  our  space  effort.  On  the  one 
hand  I  see  the  proponents  of  the  complex 
liquid  boosters  like  Saturn  and  Nova,  and 
on  the  other  I  hear  the  cries  of  the  solid- 
fuel  people  that  they  can  build  flyable 
hardware  with  tens  of  millions  of  pounds 
of  thrust  within  the  next  few  years.  It 
would  appear  to  me  that  development  of 
the  solid  superbooster  systems  would  be 
1 )  a  sensible  and  important  economy  move 
by  the  government,  and  2)  a  great  jump  in 
space  technology  and  ability  over  the 
Soviet  Union  in  the  extremely  vital  field 
of  aerospace. 

Our  technology  in  the  areas  of  guid- 
ance, miniaturization,  safety,  etc.,  is  on  a 

par  with  that  of  the  Soviets,  if  not  ahead 
in  some  cases.  Where  we  are  lacking 
today  is  in  the  domain  of  sheer  thrust — to 
"git  thar  fustest  with  the  mostest."  Getting 
there  "fustest"  is  still  debatable,  but  the 
"mostest"  can  be  answered  by  the  proper heavy  booster  equipment.  We  know  what 
we  want  up  there;  if  we  aren't  first  by  a little  while,  at  least  we  could  have  the 
most — in  quantity  as  well  as  quality. 

Logically,  therefore,  it  seems  that  the 
government  could  better  spend  a  much 
higher  proportion  of  its  development  funds 
on  working  solid-fuel  booster  technology. 
Failing  this,  I  am  sure  that  the  govern- 

ment will  have  failed  the  very  people 
whose  security  it  represents.  I  am  sad  and 
a  little  disheartened  over  the  political  pro- 

crastination, lack  of  imagination,  and  un- 
willingness to  take  a  few  gambles.  .  .  .  The 

Wrights  didn't  get  into  the  air  over  Kitty 
Hawk  by  hesitating,  and  I'll  wager  that  the 
present  hesitation  on  the  part  of  our  two- 
conservative-party  system  won't  get  us  into 
space  very  fast,  either.  Let's  get  on  the ball! 

James  Johnson 
Grinnell  College 
Grinnell,  Iowa 

Senator  Chidden 
To  the  Editor: 

In  M/R,  Feb.  5  was  a  quote  from  Sen. 
Douglas  (D-Ill.)  to  the  effect  that  the 
Apollo  program  for  landing  a  man  on 
the  moon  is  still — in  his  mind — classified 
as  a  stunt.  To  back  up  his  thoughts  he 
refers  to  a  poll  that  he  has  conducted  in 
which  Vi  of  the  astronomers  he  queried — 
members  of  the  American  Astronomical 
Society — state  that  they  feel  the  lunar 
landing  is  unnecessary. 

I  do  not  know  which  astronomers  he 
has  spoken  to,  but  those  I  have  heard 
comment — including  such  authorities  as 
Gerard  Kuiper,  Harold  Urey  and  Herbert 
Friedman — all  agree  that  the  lunar  land- 

ing is  more  than  desirable — imperative  in 
fact — if  the  present  astronomical  theories 
are  to  be  substantiated  by  those  who  will 
land  on  the  moon  and  return  to  earth. 
Moreover,  the  total  benefit  originating  in 
the  Apollo  program  for  the  American  pub- 

lic will  be  huge.  One  does  not  have  to  be 
very  imaginative  to  see  improvements  in 
medicine,  communications,  environmental 
control,  electronic  controls  and  power 
sources,  to  mention  a  few. 

The  Senator's  superficial  investigation 
and  resulting  facetious  remarks  are  un- 

worthy of  a  member  of  that  august  body. 
Saunders  B.  Kramer 
Sunnyvale,  Calif. 

Further  Re  'Shortage' To  the  Editor: 
I  am  a  housewife,  busy  with  balky  well 

pumps,  suds-belching  washer  and  trying 
to  be  father  as  well  as  mother  while  my 
husband  commutes  cross-country  on  mis- 

sile business. 
I  have  read  M&R  cover-to-cover  weekly 

for  several  years,  which  may  seem  idiotic 
since  I  have  no  scientific  or  engineering 
training — just  a  crows'  nest  collection  of 
information  picked  up  over  years  of  en- 

couraging and  sparking  the  curiosity  of  a 
space-minded  son  (long  before  "Space" became  "popular".)  , 

I  read  your  article  "Scientist-Engineer 
Shortage  Versions"  and  the  Feb.  1  editorial 
"A  Plan  for  Engineers,"  along  with  letters 
from  Engineers,  Engineer's  Wife  and  Engi- neering Student,  and  all  the  worries  of  the 
past  years  came  back,  threatening  to  resur- 

rect last  year's  ulcer,  brought  on  trying  to 
decide  what  to  do  with  a  son  ready  for 
college.  I  wonder  if  educators,  and  all 
those  connected  with  space  in  every  facet 
know  what  space-minded  youngsters  and 
their  parents  are  up  against — in  selecting 
a  college — and  a  course.  I  have  learned  we 
are  not  unique.  I  believe  if  educators  and 
people  in  the  industry  would  read  this  and 
act  there  could  be  less  college  failures  and 
out-of-job  workers. 

Our  son  didn't  suddenly  develop  an  in- 
terest in  space.  It  started  when  I  read  his 

first  book  on  astronomy  to  him.  Math  has 
always  been  fun.  He  considered  books  on 
kinetics,  rockets  and  trig  pleasure-reading. 
His  school  grades  were  mediocre-to-ter- rible. We  were  told  he  was  so  far  ahead 
of  his  freshman  high  school  classmates  he 
was  bored.  No  one  seemed  to  know  what 
to  do  until  his  junior  year.  The  school 
superintendent  then  offered  him  added  sub- 

jects in  math  and  science.  His  grades  im- 
proved. Tests  showed  he  was  above  aver- 

age, but  not  a  genius.  He  was  a  National 
Merit  Finalist.  He  had  scholarship  offers 
from  colleges  across  the  country.  Name 
Brand  Colleges  offered  to  start  him  off  in 
second-semester  or  second-year  courses. 

But  what  courses?  There  was  no  doubt 
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it  should  be  in  the  space  field,  but  we 
wanted  some  liberal  arts,  too.  And  none 
of  the  engineering  courses  seemed  to  fit  in 
Space  Age.  Traveling  around  these  United 
States,  my  husband  had  opportunity  to  ask 
engineers  and  others  for  advice.  Time  and 
again  he  heard  "Engineers  are  walking  the 
street  jobless."  (That's  when  I  got  an ulcer. ) 

After  carefully  sorting  our  meager  sup- 
ply of  information  (and  advice  from  edu- 

cators, too)  we  decided  straight  physics 
would  be  best.  We  chose  a  college  nobody 
seems  to  know  because  the  school  seemed 
to  think  as  we  do  and  is  demonstrating 
interest  in  training  students  for  space  age 
jobs.  The  school  is  one  of  50  Time  Maga- 

zine listed  as  "Little  Known  But  Good." 
Our  goal  is  to  see  this  boy  come  out  of 
college  with  something  besides  a  sheep- 

skin. He  is  an  Honors  Program  student  in 
a  specially  chosen  group. 

He  is  happy.  He  is  learning.  But  was 
physics  the  right  course?  And  will  industry 
ask  what  he  knows — or  merely  glance  at 
the  college  name — when  he  seeks  his  first 
job?  Where  will  he  fit  in  or  will  he?  He 
has  the  potentials — is  that  enough?  Is  the 
desire  to  learn  and  keep  learning,  com- 

bined with  capability  and  dedication  going 
to  be  enough?  Or  is  the  "starshine"  going 
to  be  knocked  out  of  his  eager  eyes  be- 

cause he  didn't  take  the  right  courses  at the  right  college? 
Isn't  there  some  place  in  the  industry 

where  he  could  work  summers  for  prac- 
tical experience?  If  so,  where?  Or  must  he 

continue  summers  as  sheet  metal  appren- 
tice while  longing  to  learn  all  he  can  of 

space  science  as  soon  as  he  can?  Even 
with  a  scholarship,  the  years  ahead  will  be 
financially  skimpy,  demanding  years  for  all 
of  us.  But,  if  he  can  find  a  place  where  he 
can  help  a  little  to  add  to  our  store  of 
scientific  knowledge,  they  will  be  worth- 

while years.  Will  that  place  be  open  for 
him? 
We  have  a  10-year-old  son  who  seems 

to  be  following  in  his  brother's  footsteps — the  house  looks  like  a  cross  between  a 
menagerie,  a  library  and  a  laboratory. 

By  the  time  this  one's  ready  for  college 
I  hope  educators  and  industry  will  have 
decided  what  a  budding  engineer  or  scien- 

tist must  know — and  do — to  fit  into  the 
changing  Space  Age  world. 
What  it  all  boils  down  to  is:  Have  I 

handicapped  two  innocent  children  by  en- 
couraging them  to  have  a  lively  curiosity 

in  something  besides  football  and  rock  n' 
roll?  But,  can  you  put  the  public  library 
and  plans  to  grind  a  telescope  lens  off 
limits  to  a  child  bent  on  that  course? 
Should  I  stuff  them  with  vitamins  and  the 
seemingly  popular  concept  of  following  a 
sheep-like,  popular  course  which  seems 
"softer"  when  I  look  into  the  future  and 
wonder  if  industry  will  have  a  place  for 
them.  All  I  know  is  I  am  curious,  too, 
about  what's  out  there  in  space  and  if  I 
had  it  to  do  all  over  again,  I'd  go  against 
public  opinion  and  encourage  my  offbeat 
eggheads  to  keep  digging.  That  "starshine" 
in  their  eyes  may  bring  the  stars  closer  and 
make  the  world  a  little  better.  Now,  I 
have  a  foundered  horse  waiting  to  be  doc- 

tored. Mrs.  Rusdell  Rood 
Wichita  Falls,  Tex. 

to  these  cec  detectors  a  leak  is  a 

locates  and  measures  leaks  as  small  as  5  x  10  -11 
atm  ce/sec  —  leaks  in  pressurized  or  evacuated 
components  .  .  .  leaks  in  the  lab,  shop,  or  field. 

And  on  the  production  line,  the  24-120  with  its 
test-port  station  finds  leaks  faster  than  any  other 
instrument  of  its  kind.  Now  look  at  Radiflo 

(left),  CEC's  radiation-sensing  leak  detector.  Its 
sensitivity  of  1  x  10-5  to  1  x  10-11  atm  cc/sec.  plus 
high-output,  automatic  activation  make  it  the 
only  leak  detector  economically  feasible  for  10095 
leak  checking  of  mass  produced  components  like 

transistors,  diodes  and  relays— checks  2500  units 
per  hour!  Got  a  leak?  Better  call  your  nearest 
CEC  office  or  write  for  the  complete  story  in 

Bulletins  CEC  24120-X18  and  CEC  24510-X13. 

Analytical  &  Control  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    ■    A  SUBSIDIARY  OF  BELL  &  HOWELL 
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Three  pressure  bottles  on  Ablestar  save  60  lbs.  Nozzle  extension  is  also  titanium. 

How  [[Titanium]  pressure  bottles 

reduce  missile  weight 

The  swing  to  light-weight,  high- 
strength  titanium  metal  for  pressure 
bottles  in  the  current  generation  of 
liquid  fueled  missiles  provides  conclu- 

sive proof  of  the  design  advantages 
and  reliability  inherent  in  titanium 
construction.  Titanium  vessels  have 
sliced  considerable  poundage  off  mis- 

siles and  thereby  increased  vital  pay- 
loads.  Here's  why  .  .  . 
High  strength-to-weight  ratio. ..  titanium 
is  44%  lighter  than  steel  at  the  same 
strength.  In  addition  it  has  .  .  . 
Reliability  at  cryogenic  temperatures... 
not  a  single  failure  in  service  at  tem- 

peratures down  to  and  below  minus 

300 °F,  and  pressures  up  to  9,000  psig. 
Corrosion  resistance  ...  where  Other 
metals  fail. 

Fabricability... Airite  Division  of  the 

Electrada  Corporation  says,  "Tita- 
nium can  be  forged  and  machined 

as  accurately  as  steel."  Menasco 
Manufacturing  says,  '"We  prefer  to use  it.  Titanium  is  now  as  reliable  as 
any  other  metal  and  has  probably  a 

lower  rate  of  reject." 
Availability  and  lowering  cost.  Lead- 
times  are  short:  24  hours  from 
Titanium  Metals  Corporation  of 
America  warehouses.  Metal  costs 
down  62.4%  since  1955.  Unit  prices 

BOX  SCORE  ON  TITANIUM 
PRESSURE  VESSELS 

Ablestar  saved  60  pounds 
Titan   losing  150  pounds 
Aegena  24  to  40  pounds 
X-15  ...  lighter  by  325  pounds 
Atlas  saved  129  pounds 

are  constantly  lowering  as  fabrication 
experience  increases. 

For  data  on  titanium 

pressure  vessels  . .  . 
write  TMCA's  Technical 
Service  Department. 

TIMET> 

TITANIUM  METALS 
CORPORATION  OF  AMERICA 
233  Broadway,  New  York  7,  N.  Y. 
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The  Countdown 

WASHINGTON 

New  Buildup  for  Aerospace  Plane 

Increased  funding  for  Aerospace  Plane  is  provided 
in  the  FY  '63  Department  of  Defense  budget.  Aimed 
largely  at  ASP  component  development,  program  financ- 

ing is  planned  at  a  $19-million  level,  compared  to  $8-9 
million  in  Fiscal  '62.  Actual  step-up  is  not  that  large, 
however,  since  some  ASP  spending  was  unidentified  in  last 
year's  budget. 

Titan  III  Approval  Not  Final 

Defense  Secretary  McNamara  has  not  yet  given  final 
approval  to  the  expensive  Titan  III  production  program. 
Present  financing  is  aimed  at  defining  the  program  by 
firming  up  basic  design,  setting  up  project  management 
and  carrying  out  preliminary  analysis. 

NASA  Programs  Under  Fire 

NASA  will  come  in  for  some  heavy  cannonading  this 
week  from  irate  congressmen.  Four  subcommittees  of 
the  House  Space  Committee  are  scheduled  to  begin  delv- 

ing into  details  of  NASA's  budget  request.  Two  major 
areas  which  will  be  probed  thoroughly:  the  oft-delayed 
Centaur  program  and  the  NASA  decision  to  emphasize 
liquid  over  solid  propulsion  in  its  large  launch  vehicles. 

Expanding  Program  for  Solids 

Air  Force  plans  now  call  for  design,  development 
and  firing  of  solid  motors  in  both  the  156-in.  and  240-in. 
classes,  in  addition  to  the  120-in.  program.  Commenting 
on  the  two  larger  motors,  Assistant  Defense  Secretary 
John  Rubel  says,  "We  will  not  build  a  plant  or  embark 
on  a  big-scale  program  yet.  But  we  will  fire  some."  DOD's 
Fiscal  '63  budget  for  solids:  $100  million. 

Recruiting  Troubles  at  Space  Agency 

NASA  is  running  into  trouble  in  its  effort  to  add  200 
scientists  to  the  payroll  by  June  30.  Labor  Secretary 
Goldberg  agreed  to  help  the  lagging  program  with  a  loan 
of  recruiting  facilities  in  the  Federal  network  of  public 
employment  offices. 

INDUSTRY 

Firing  of  Saturn  Second  Stage  Set 

First  full-scale  firing  of  the  Saturn  booster's  S-4  sec- 
ond stage  with  two  RL-10  engines  is  scheduled  for  May. 

There  is  some  skepticism  among  NASA  officials  that  the 
schedule  will  be  met.  Meanwhile,  the  second  Saturn 
launch  vehicle  (SA-2)  has  reached  Cape  Canaveral  by 
barge  from  Huntsville,  Ala.  Mid-April  launch  is 
scheduled. 

OSO  Shot  Delayed  After  Test 

Delay  in  the  launch  of  the  Orbiting  Solar  Observatory 
at  Cape  Canaveral  came  after  tests  indicated  possible 
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trouble  during  separation  of  the  spacecraft  from  the 
Delta  launch  vehicle's  third  stage.  Trouble  now  has  been 
cleared  up  and  the  shot  is  slated  to  go  March  6. 

Bullpup  Headed  for  White  Sands 

Martin  Co.'s  GAM-83  Air  Force  Bullpup  is  headed 
for  testing  with  the  Republic  F-105  on  the  White  Sands 
missile  range.  Program  is  to  be  assigned  to  Holloman AFB  shortly. 

Follow  that  Hound  Dog 

Air  Force  is  planning  to  fly  a  North  American  Hound 
Dog  from  airborne  launch  over  Del  Rio,  Tex.,  to  the 
White  Sands  missile  range.  Hound  Dog  recently  com- 

pleted tests  at  Mach  0.8  at  400-ft.  altitude  in  a  demon- 
stration of  low-level  feasibility. 

INTERNATIONAL 

UN  Meeting  to  Test  Red  Space  Offer 

First  opportunity  to  test  the  recently  expressed  Soviet 
desire  to  cooperate  with  the  U.S.  in  space  exploration 
will  come  at  a  meeting  of  the  UN  committee  on  peaceful 
uses  of  outer  space.  Session  is  set  for  March  10.  Objec- 

tive: to  set  up  a  work  program  under  the  resolution 
adopted  by  the  General  Assembly  last  December. 

British  Hoping  for  U.S.  Delay 

Engineers  working  on  the  Goonhilly  Downs  facility 
which  will  be  the  British  ground  station  for  transatlantic 
communications  satellites  are  hoping  for  a  delay  in  the 
U.S.  launching  program.  Official  line  is  that  the  station 
will  be  ready  on  time  for  launchings  of  Telstar  and  Relay. 
Technicians  on  the  job  say.  however,  there  is  considerable 
doubt  of  this. 

Paris  Meeting  on  Bullpup 

A  meeting  set  for  March  19  in  Paris  may  determine 
the  fate  of  Martin-Orlando's  Bullpup  as  a  NATO  weapon. 
European  sources  see  this  as  the  future  for  the  air-to- 
surface  missile:  Royal  Navy  will  spend  well  over  $6- 
million  for  1000  Bullpups.  These  could  be  provided  by 
Orlando,  or  a  production  license  for  Bullpup  might  be 
obtained  by  a  consortium  of  British,  West  German, 
Danish  and  Norwegian  firms,  headed  by  Hawker- 
Siddeley.  NATO's  Baltic  Approaches  Command  could order  another  4000  Bullpups  in  addition  to  the  Royal 
Navy  requirement.  Cost:  $25  million. 

New  U.S. -French  Alliance 

Watch  for  interesting  news  from  WELT,  the  new  elec- 
tronic tube  firm  established  by  Hallicrafters  Co.  and 

CSF  of  France.  Full  name:  Warnecke  Electron  Tubes, 
Inc.  Robert  R.  Warnecke  is  the  developer  of  a  unique 
anti-jamming  electronic  device  for  the  French  Air  Force. 
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GLOBAL 

COMMUNICATIONS 

CAPABILITIES 

of 

What  capabilities?  From  which  subsidiary  of 
RCA? 
From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  —  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Most  Trusted  Name  in  Communications 

Shots  of  the  Week 

It  was  a  slow  week  for  U.S.  space 
shots,  with  three  Air  Force  launches 
the  sum  total  of  activity. 

A  Titan  ICBM  was  launched  from 
Vandenberg  AFB  on  Feb.  23.  The 
shot  from  an  underground  silo  proved 
unsuccessful  when  second-stage  igni- 

tion failed. 
The  Air  Force  successfully 

launched  Discoverer  XXXVIII  on 
Feb.  27.  AF  refused  to  disclose  the 

satellite's  altitude  or  the  length  of time  it  takes  to  whirl  around  the 
earth. 

It  also  would  not  say  what  kind  of 
instruments  the  satellite  is  carrying. 
Many  Discoverers  have  carried  sec- 

ret gear  to  test  equipment  for  Midas 
missile  detection  and  Samos  photo- 

graphic satellites. 
An  Atlas  E  ICBM  was  fired  from 

Vandenberg  on  Feb.  28  and  traveled 
successfully  on  its  planned  4000-mile 
course. 

NASA  Opens  Budget  Testimony 

Associate  Administrator  Dr.  Rob- 
ert C.  Seamans,  Jr.,  told  Congress 

that  NASA  will  spend  $2.2  billion 
on  its  manned  space  programs  in 
Fiscal  1963. 

Seamans  testified  as  the  House 
Space  Committee  opened  hearings  on 
the  authorization  legislation  for  the 

space  agency's  $3.7-billion  budget  re- 

quest. He  said  the  manned  spaceflight 
funds  would  be  split  up  into  $1.6  bil- 

lion for  research,  development  and 
operations,  and  $635  million  for  con- 

struction of  facilities. 
Earlier.  Administrator  James  E. 

Webb  told  the  committee  NASA 
would  spend  $35  billion  over  the  next 
10  years. 

Some  $20  billion  of  the  total 
would  go  to  support  Project  Apollo. 

Webb  also  told  the  committee  that 
while  Russia  will  probably  make  a 
manned  lunar  orbit  flight  before  the 
U.S.,  this  country  can  still  make  the 
manned  lunar  landing  first. 

He  said  this  would  be  accom- 
plished before  the  end  of  the  decade 

— possibly  as  early  as  1968. 
Detailed  testimony  will  begin  this 

week  when  four  subcommittees  of 

the  Space  Committee  hold  public hearings. 

Committee  Chairman  George  L. 
Miller  (D. -Calif.)  said  the  budget 

would  receive  detailed  scrutiny,  "but I  am  sure  it  will  be  able  to  withstand 

it." 

Super-Minified  Unit  Shown 
The  Air  Force  this  week  unveiled 

another  advance  in  the  art  of  solid- 
state  systems  —  the  super-minified 
electronic  unit. 

Westinghouse  Corp.,  to  show  feas- 
ibility of  the  molecular-electronics 

systems  approach,  built  a  16-oz.  radio 
receiver  patterned  after  the  AF  AN/ 
ARC-63  emergency  communications 
receiver. 

Slightly  larger  than  a  pack  of  cig- 
arettes, the  new  system  is  1/10  the 

weight  of  its  conventional  counter- 
part and  occupies  only  9  cu.  in.  The 

ARC-63  normally  requires  a  volume 
of  148  cu.  in. 

Performance  of  the  two  units  is 
identical,  say  Air  Force  officials. 

New  Hybrid  Test  Success 
10.000-LB.-THRUST  experimental  hybrid 
engine  is  successfully  fired  at  United  Tech- 

nology Corp.,  Morgan  Hill.  Calif.  The 
engine  uses  a  solid  fuel  and  liquid  oxidizer. 
Four  engines  have  been  fired  recently  in 
the  company-funded  program. 
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The  unit  is  one  of  a  series  of  feas- 
ibility models  resulting  over  the  last 

3  years  from  Westinghouse  research 
contracts  with  the  Aeronautical  Sys- 

tems Div.  at  Wright-Patterson  AFB. 

Re-use  of  Tower  Cuts  Costs 

NASA's  modification  and  installa- 
tion of  a  used  portable  service  power 

satellite  launch  pad  at  Vandenberg 
AFB  will  be  completed  by  the  end 
of  this  month. 

The  pad,  with  its  rubber-tired 
service  tower  151  ft.  high,  will  be  used 
for  Thor-Agena  launches  of  all  NASA 
satellites  which  require  a  polar  orbit. 

NASA  officials  said  that  conver- 
sion of  existing  equipment  made  pos- 

sible a  saving  of  $1  million  and  ten 
months'  construction  time. 

First  launch  from  the  pad  will  be 
Echo  II,  a  135-ft.-dia.  inflatable  pas- 

sive communication  satellite. 

Rosen  on  Rendezvous 

NASA  is  determined  to  press  de- 
velopment of  the  rendezvous  tech- 

nique simultaneously  with  direct 
flight,  to  avoid  possible  hobbling  of 
the  U.S.  lunar  and  interplanetary  ex- 

ploration programs. 
Milton  Rosen,  director  of  launch 

vehicles  and  propulsion  in  the  space 

agency's  Manned  Spaceflight  Pro- 
grams, said  last  week  that  the  pacing 

factor  for  developing  a  successful  ren- 
dezvous would  be  mastering  the  tech- 

nique— not  launch  vehicle  develop- 
ment, as  is  popularly  believed. 

Rosen  spoke  to  a  meeting  of  the 
National  Capitol  Section  of  the  Amer- 

ican Rocket  Society. 

Glenn  Reprints 
In  response  to  reader  demand 

for  reprints  of  last  week's  editorial 
page  on  Astronaut  John  H.  Glenn, 
Missiles  and  Rockets  is  happy  to 
offer  reprints  of  the  Feb.  26  edi- 

torial page  in  color,  without  the 
editorial  slugline  or  magazine  iden- 

tification, on  heavy  paper  suitable 
for  framing,  at  500  each.  Similar 
laminated  hard-finish  wall  or  desk 
plaques,  mounted  on  beaverboard 
and  suitable  for  immediate  hanging, 
are  available  at  $2.25  each. 

Address  orders  to:  Marketing 
Department,  Missiles  and  Rockets, 
1001  Vermont  Ave.,  Washington 
5,  D.C.  Payment  must  accompany 
order. 

Select  from  the  widest  variety  of  optical  shaft  encoders  in  the  indus- 
try. Some  of  the  22  types  that  have  been  delivered  are  shown  below. 

If  a  standard  type  does  not  match  your  exact  requirements,  Wayne- 

George's  experience  in  encoder  design  and  production  for  a  wide  variety 
of  applications  is  available  to  meet  your  special  needs. 

TRACKING 

17  DIGITS  DIRECT 
READING 
.  .  .  pulsed  or  continuous 
output 

NAVIGATION 

Hi 

1 3  DIGITS  DIRECT 
READING 

.  .  .  digital  repeaters 
and  servos 

INERTIAL  PLATFORMS 

15  DIGITS 
INCREMENTAL 
.  .  .  mounted  on  gimbal 
for  direct  angle  readout 

RATE  MEASUREMENT 

18  DIGITS 
INCREMENTAL 

.  .  .  pulse  tachometer 

PROGRAMMING 

16  CHANNEL 
DIGITAL  PROGRAM 
.  .  .  arbitrary  functions 

MACHINE  CONTROL 

16  DIGITS 
INCREMENTAL 
.  .  .  automatic  positioning 
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No  backing  from  DOD  .  .  . 

AF  Fights  for  Bigger  Space  Role 

by  James  Trainor 

AFTER  FAILING  to  gain  Depart- 
ment of  Defense  support,  the  Air  Force 

has  turned  to  Congress  in  its  drive  for 
a  greater  share  of  the  space  budget.  For 
several  weeks,  top  AF  officials  have 
been  testifying  behind  closed  doors  on 
the  potential  military  space  threat  and 
the  needs  of  the  Air  Force  to  counter 
the  threat. 

Although  most  of  the  testimony  has 
not  been  released,  that  which  has  been 
made  available  shows  a  coordinated, 
well-planned  campaign  by  the  Air  Force 
for  a  greater  share  of  the  space  dollar. 

"Space  programs,"  Secretary  of  the 
Air  Force  Eugene  M.  Zuckert  told  the 
Senate  Appropriations  Committee  last 
week,  '"represent  an  evolutionary  exten- sion of  the  Air  Force  mission,  and  we 
are  now  moving  into  a  truly  critical 

time  period." 
"If  we  are  to  assure  a  military  capa- 

bility in  aerospace  in  the  future,  we 
must  accelerate  the  development  of  mili- 

tary applications  of  space  technology," Zuckert  said. 
The  Air  Force  views  have  not  been 

supported  by  DOD  officials.  Downgrad- 
ing the  potential  of  a  Soviet  space  threat, 

Assistant  Secretary  of  Defense  John 
Rubel  told  Missiles  and  Rockets  last 
week:  "We  cannot  visualize  or  define 
now  a  military  mission  for  a  man-in- 

space." 

DOD  has,  for  example,  taken  a  strong 
stand  against  efforts  to  expand  the 
Dyna-Soar  program  into  a  full-fledged 
military  space  project. 

"Dyna-Soar  has  never  been  anything 
other  than  what  it  is  now — a  program 
for  exploration  of  new  flight  regimes," 
Rubel  said.  "We  don't  need  hundreds  of 
people  churning  around  on  a  big  proj- 

ect." 

The  Dyna-Soar  program  will  be  simi- 
lar to  the  X-15  program,  he  explained, 

depending  on  the  dedication  of  a  small 
number  of  scientists  and  engineers. 

"That's  the  kind  of  guidance  we  are 
trying  to  put  into  the  Dyna-Soar  pro- 

gram," Rubel  stated.  "The  biggest  prob- 
lem is  to  get  the  word  to  the  military 

and  to  industry." Rubel  also  made  it  clear  that  plans 
to  give  the  Air  Force  a  larger  role  in 
NASA's  lunar  landing  program  (see 
box)  will  not  provide  for  any  Air  Force 
management  responsibility  or  direction 
of  any  portion  of  the  NASA  program. 

•  Space  plan  developed — Source  doc- 
ument of  the  coordinated  AF  space 

drive  was  disclosed  by  Lt.  Gen.  James 
Ferguson,  AF  Deputy  Chief  of  Staff  for 
Research  and  Technology,  in  a  prepared 
statement  before  the  House  Armed  Serv- 

ices Committee. 

The  Air  Force,  Ferguson  acknowl- 
edged, has  drawn  up  a  highly  classified 

document,  the  Air  Force  Space  Plan, 
which  summarizes  current  long-range 
objectives  and  needs.  The  document — 
the  so-called  AF  "White  Paper" — also 
identifies  "specific  technological  objec- 

tives for  the  next  ten  years,"  he  said. 
The  plan  was  distributed  under  an 

endorsing  letter  from  Chief  of  Staff 
Curtis  LeMay  to  the  whole  of  the  AF 
R&D  community.  It  provides  basic  guid- 

ance on  the  philosophy,  tasks,  techno- 
logical problems  and  current  status  of 

the  AF  space  program. 
•  NASA's  fine,  but — Although  every 

AF  official  stresses  the  close  cooperation 
between  the  military  and  NASA,  they 
are  also  quick  to  point  out  that,  while 

the  space  agency's  programs  are  helpful and  valuable,  the  problems  faced  by 
the  two  agencies  are  essentially  different. 

A  favorite  illustration  of  the  dissimi- 
larity— used  by  both  Zuckert  and  Fer- 

guson before  Congress — is  the  problem 
of  rendezvous  with  objects  in  space. 

The  Air  Force  program  for  rendez- 
vous, Zuckert  told  Congress,  "will  in- 
volve techniques  to  contact  uncoopera- 
tive, hostile  targets.  This  is  a  vastly 

greater  problem,  and  one  vastly  differ- 
ent from  the  problem  of  making  ren- 

dezvous with  an  accurately  pre-posi- 
tioned  vehicle  which  is  actively  assisting 

in  the  mission." Since  intelligence  estimates  indicate 
several  possible  military  applications  of 
space  by  the  Soviets,  the  Air  Force 
argues  that  the  U.S.  must  protect  itself 
by  developing  both  offensive  and  de- fensive space  capabilities.  In  this  way, 

Rubel  Outlines  AF  Role  in  Lunar  Program 
A  PLAN  TO  GIVE  the  Air  Force 

a  larger  role  in  NASA's  manned  lunar 
landing  program  is  close  to  final  ap- 
proval. 

Details  of  the  plan  to  formalize  co- 
operation between  NASA's  Office  of 

Manned  Space  Flight  Programs  and  the 
Air  Force  Systems  Command  were  out- 

lined last  week  by  Assistant  Defense 
Secretary  John  Rubel,  who  emphasized 
that  the  plan  does  not  call  for  a  joint 
AF-NASA  program. 

"NASA  has  responsibility  for  the 
lunar  program,"  he  said.  "Neither  DOD 
nor  NASA  has  any  desire  to  fuzz  the 
lines  of  responsibility." 

NASA  will  continue  to  provide  pro- 
gram management  and  the  funding, 

with  AF  providing  whatever  support  is 
within  its  capability.  Extent  of  Air 
Force  participation  will  be  carefully 
spelled  out. 

"We  will  not  say  the  Air  Force  will 
support  the  Manned  Lunar  Program 
and  let  it  go  at  that,"  Rubel  said.  "That 
would  be  a  blank  check." 

Point  of  contact  between  the  two 
organizations  is  to  be  a  liaison  office 
set  up  under  Gen.  Bernard  Schriever  at 
AF  Systems  Command,  which  will  work 

with  D.  Brainerd  Holmes,  director  of 
the  space  flight  office  at  NASA.  It  is 
expected  that  Gen.  Schriever  will  ap- 

point a  deputy  to  work  with  Holmes. 
The  Air  Force  lunar  support  effort 

will  be  centralized  in  the  AFSC  office, 
with  other  AF  offices  to  be  established 
by  Systems  Command  as  necessary  at 
lower  levels. 

In  the  Gemini  program,  for  ex- 
ample, liaison  takes  place  at  a  lower 

level — between  Marshall  Space  Flight 
Center  and  AFSC's  Space  Systems  Di- vision. Thus,  the  lunar  program  might 
require  additional  offices  at  Houston's Manned  Space  Flight  Center  or  at 
Marshall. 

The  agreement  will  be  sufficiently 
broad  to  take  full  advantage  of  the  Air 
Force  capability  as  a  "subcontractor" in  the  lunar  program,  but  will  not  be  so 
broad  that  new  programs  can  be  added 
without  authority. 

"We  don't  want  to  be  in  a  position 
where  people  in  the  field  have  to  come 
to  a  high  level  for  every  decision," 
Rubel  explained.  "That  places  manage- 

ment too  high — at  the  policy  level.  At 
the  same  time,  we  don't  want  working 
people  making  policy." 
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it  is  asserted,  the  U.S.  can  assure  that 
all  nations  remain  free  of  space  domi- 
nation. 

"Only  then,"  Zuckert  declared,  "can 
we  pursue  the  opportunity  to  probe  the 
physical  mysteries  of  space,  to  find  the 
methods  of  employing  it,  to  bring  to 
reality  the  equipment  in  which  we  can 
explore  and  operate  in  space,  and  to 
participate  fully  in  the  conquering  of 
the  vast  space  beyond  our  world." •  What  does  AF  want? — From  the 
arguments  advanced  by  Air  Force  offi- 

cials before  Congress,  it  is  apparent 
they  feel  the  distribution  of  the  space 
budget — some  $5.5  billion  for  FY  '63 — 
is  inequitable. 

As  one  AF  official  told  M/R,  the 
total  funds  for  space  exploration  are 
unlikely  to  grow  very  much  over  the 
next  couple  of  years.  The  Air  Force, 
therefore,  would  like  to  see  a  more  equal 
distribution  of  the  money  between  mili- 

tary and  civilian  space  exploration. 
However,  in  presenting  the  FY  '63 

budget  to  Congress,  Assistant  Secretary 
of  Defense  Charles  Hitch  revealed  that 
the  largest  single  increase  in  R&D  spend- 

ing was  in  the  area  of  military  astro- 
nautics. 

The  spending  for  military  space  pro- 
grams, he  said,  "will  rise  to  $1.4  billion, 

about  $300  million  over  the  current  year 
and  more  than  $600  million  more  than 

1961." 
NASA's  budget  far  outstripped  this 

increase.  The  space  agency  is  expected 
to  receive  $3.7  billion — largely  to  sup- 

port the  manned  lunar  landing  program. 
Reportedly,  the  major  stumbling 

block  to  an  expanded  Air  Force  role  in 
space  is  Secretary  of  Defense  Robert  S. 
McNamara.  He  is  said  to  feel  that  the 
Air  Force  has  not  proven  that  a  sub- 

stantial military  mission  in  space  exists 
— particularly  a  mission  that  would  re- 

quire manned  spacecraft  substantially 
different  than  those  being  developed  bv 
NASA. 

•  Space  systems  outlined — Beyond 
the  immediate  need  for  geodetic,  early- 
warning,  navigation,  communications 
and  meteorological  satellites,  Gen.  Fer- 

guson told  the  congressional  committees 
the  AF  sees  a  requirement  for  an  ad- 

vanced aerospace  craft  capable  of  "self- 
contained  flight  to  and  from  space,"  and 
possibly  manned  space  stations. 

Other  future  applications,  he  added, 
will  include  improved  systems  for  attack 
warning  and  nuclear  test  detection,  as 
well  as  possibly  providing  "a  break- 

through in  the  area  of  ballistic  missile 
attack." 

•  Eleven  problem  areas — Much  of 
the  technology  required  for  these  ad- 

vanced space  systems,  Ferguson  said, 
has  yet  to  be  developed.  The  AF,  there- 

fore, has  undertaken  "a  series  of  closely 
related  efforts  .  .  .  both  to  exploit  the 

earlier  military  space  applications  and, 
at  the  same  time,  to  expand  our  capa- 

bilities in  several  well-defined  areas  of 

technology." The  eleven  areas  in  which  the  AF  is 
concentrating  effort  are: 

—Launch  Vehicles:  "working  toward 
increasing  the  thrust  of  chemical  boost- 

ers and  bringing  forward  the  technology 
of  nuclear  rockets  in  anticipation  of  .  .  . 
their  greater  potential  for  longer  endur- 

ance and  reduced  cost  per  payload- 

pound  in  orbit." — In-Space  Propulsion:  ranging  from 
low-thrust  devices  (electrical  propul- 

sion) and  high-thrust,  chemical  and  nu- 
clear engines  for  in-space  interception 

and  maneuvering. 
— Bioastronautics  Equipment:  early 

data  will  be  provided  by  the  Mercury 
program.  However,  the  AF  is  interested 
in  how  well  man  can  function  in  space 
for  longer-duration  missions  and  for 
operations  through  the  Van  Allen  Belts. 

—  Environmental  Data  on  Space:  AF 
will  depend  to  a  large  extent  on  NASA 
for  this  type  of  information.  However, 
the  requirement  for  continuous  opera- 

tion, for  example,  makes  especially  criti- 
cal the  need  for  solar-flare  forecasting. 

—  Rendezvous,  Docking  and  Trans- 
fer: Although  NASA's  Gemini  program 

and  the  AF  Satellite  Inspector  Program 
are  expected  to  furnish  much  of  the 
information  required,  the  AF  must  de- 

velop the  capability  of  rendezvousing 
with  hostile  satellites. 

—Power  Supplies:  especially  inter- 
ested in  power  supplies  for  long-dura- 

tion, high-power  systems  of  several  hun- 

dreds of  kilowatts.  The  SPUR  program 
is  expected  to  demonstrate  such  a  power 

supply  in  the  later  1960's. —Sensors:  technology  has  been  ad- 
vancing at  a  rapid  pace.  A  large  portion 

of  AF  applied  research  projects  are  de- 
voted to  improved  infrared  sensors, 

higher-resolution  photographic  cameras 
and  improved  radars. 

—Communications  Equipment:  there 
is  need  for  an  integrated  secure  system 
of  military  communications  which  will 
operate  reliably  under  any  anticipated 
condition  including  the  presence  of  in- 

terference— man-made  or  natural. 
—  Re-entry  and  Recovery:  specific 

need  is  for  techniques  permitting  selec- 
tive, conventional  aircraft-type  landings 

within  the  largest  possible  geographical 
area  and  with  subsequent  re-use  of  the 
vehicle  after  a  minimum  refurbishment. 
—Weapons  Technology:  investiga- 

tions are  being  conducted  on  the  feasi- 
bility of  new  weapon  concepts. 

—Command  &  Control:  the  AF  is 

presently  restricted  to  an  applied  re- 
search program  in  this  area.  However, 

the  need  for  positive  control  in  space 
imposes  many  challenging  problems. 

•  Support  expected — From  recent 
statements  by  members  of  both  houses 
of  Congress,  there  appears  to  be  strong 
support  for  the  Air  Force  position. 

Many  congressmen  and  senators  are 
reported  to  feel  that,  unless  there  are 
distinct  military  advantages  to  be  gained 
from  the  manned  lunar  landing  pro- 

gram, the  estimated  $50-billion  10-year 
program  is  not  worth  the  money.  8 

LeMay  Wants  Far  More  Minuteman  Funding 

FUNDS  SHOULD  be  provided  for 
at  least  100  more  Minuteman  missiles, 
together  with  authority  to  procure  long- 
lead-time  items  for  150  more,  Air  Force 
Chief  of  Staff  Curtis  LeMay  told  a  Sen- 

ate Committee  last  week. 
In  the  first  public  disagreement  over 

the  FY  '63  defense  budget,  LeMay  also 
warned  against  a  downhill  trend  in 
spending  over  the  next  four  years  for 
Strategic  Retaliatory  Forces. 

Noting  that  the  18%  of  the  defense 
budget  now  spent  for  retaliatory  forces 
may  decline  in  the  next  four  years  to 
8%,  the  AF  chief  commented,  "I  don't think  that  we  can  maintain  strategic 

superiority  with  that." Air  Force  Secretary  Eugene  M. 
Zuckert,  appearing  with  LeMay  before 
the  Senate  Mil.tary  Appropriations  Sub- 

committee, also  took  issue  with  the 
Administration's  decision  to  terminate 
the  XB-70  program  once  the  feasibility 
of  the  project  has  been  proven. 

In  reply  to  a  question  by  acting  sub- 
committee chairman,  Willis  A.  Robert- 

son (D.,  Va.),  the  Air  Force  Secretary 
said  he  bad  recommended  that  "the 

B-70  be  developed  as  a  full  weapons 

system." 

Secretary  of  Defense  McNamara, 
in  an  earlier  appearance  before  the 
committee,  had  said  that  the  '63  budget 
had  the  support  of  the  service  chiefs. 

In  keeping  with  Department  of 
Defense  policy,  both  Zuckert  and  Le- 

May supported  the  budget  until  they 
were  asked  specific  questions  on  pro- 

grams. Then  the  illusion  of  a  united 
DOD  budget  effort  was  shattered. 

Although  funds  are  requested  in  the 
FY  '63  budget  to  provide  a  total  Min- 

uteman force  of  16  squadrons  with  a 
total  of  800  hardened  missiles,  Gen. 
LeMay  expressed  dissatisfaction  with the  buildup. 

The  Air  Force  Chief  of  Staff  rec- 
ommended that  funds  for  the  solid- 

propellant  ICBM  be  increased  to  pro- 
vide 300  missiles  in  FY  '63 — rather 

than  the  programed  200.  Together 
with  his  request  for  items  for  150  ad- 

ditional missiles,  this  would  give  a 
total  Minuteman  force  of  1050 — 250 
more  than  presently  planned. 
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NASA  Soon  to  Train 

New  Group  of  Astronauts 

As  many  as  10  men  may  be  selected  for  accelerated  manned 

flight  program;  Glenn  reports  to  congressional  committees 

by  Hal  Taylor 
NASA  WILL  ANNOUNCE  in  the 

next  few  weeks  a  new  astronaut  training 
program  for  manned  space  flights  to 
take  place  every  60  or  90  days  for  the 
next  several  years. 

The  imminence  of  the  program  was 
disclosed  by  NASA  Administrator  James 
E.  Webb  during  a  round  of  congressional 
appearances  with  Astronauts  Alan  Shep- 

ard, Virgil  Grissom.  and  John  Glenn. 
Final  details  are  now  being  worked 

out.  It  is  expected  that  no  more  than  10, 
and  probably  fewer,  new  astronauts  will 
be  needed.  The  prime  requirement  will 
be  for  pilots  with  jet  experience  and 
pilots  from  all  military  services  will  be 
considered. 

There  is  also  the  possibility  that  civil- 
ian test  pilots  will  be  included.  The  new 

astronauts  will  initially  be  used  in  Proj- 
ect Gemini.  Later  scientific  personnel 

may  be  included  in  Project  Apollo 
crews. 

The  hearings  by  the  Senate  and 
House  Space  Committees  also  shed  new 
light  on  other  aspects  of  MA-6 — Amer- 

ica's first  successful  manned  orbital 
flight  on  Feb.  20 — and  the  U.S.  manned 
space  flight  program. 

Col.  Glenn  declared  that  in  the  fu- 
ture, "it  is  not  going  to  be  necessary  to 

make  a  completely  unmanned  auto- 
matic advance  flight  before  each  orbital 

mission."  ' 
He  also  declared  that  while  very  little 

specific  scientific  information  was  ob- 
tained during  the  flight,  it  did  prove 

how  capably  man  can  operate  in  space. 
This  means,  he  continued,  that  with 
more  data  analysis  and  evaluation,  "we 
probably  can  in  the  future  get  by  with 
considerably  less  automatic  systems  than 
have  been  required  in  the  past." It  was  also  reported  that: 
—NASA  would  be  making  manned 

space  flights  every  60  or  90  days  for  the 
next  several  years.  Four  more,  or  a  total 
of  five  three-orbit  missions,  are  planned. 
"I  believe  myself,"  Webb  said,  "that  the 
judgment  will  be  to  conduct  all  four  of 
them  this  year." 

—Glenn's  performance  during  MA-6 
established  that  the  star  navigation  sys- 

tem can  be  used  by  spacemen  to  travel 
to  the  Moon.  Shepard  said  that  the  sys- 

tem had  proved  feasible.  "As  a  result," 
he  said,  "we  intend  to  use  the  age  old 
navigation  method  on  the  way  to  the 

Moon." 

—The  two-man  Gemini  program  will 
permit  two  men  to  fly  together,  permit 
one  man  to  fly  with  an  instrumented 
chimpanzee  or  other  animal,  or  one 
man  to  fly  with  a  biopack  which  will 
enable  him  to  change  medical  experi- 

ments during  the  flight. 
—Shepard  declared  that  he  feels  that 

NASA  should  have  its  own  life  science 
capability  for  manned  space  flight  even 
if  this  duplicates  DOD  facilities  and 
capabilities.  "We  need  the  support  of  a 
life  sciences  group,"  he  said  in  referring to  Project  Mercury. 

—The  still  unexplained  luminous  par- 
ticles which  Glenn  saw  during  his  flight 

appeared  at  the  exact  moment  that  the 
first  sunlight  was  encountered  during 
each  orbit.  Glenn  said  that  "they  did 
not  appear  to  be  coming  from  the  cap- 

sule." He  said  that  the  smallest  were 
"pinhead"-sized  and  the  largest  about 
Vi  in.  in  diameter.  They  were  spaced 
6  to  10  ft.  apart. 

•  New  vests  planned — Special  radia- 
tion protection  is  being  designed  for  the 

command  post  of  future  manned  space- 
craft and  radiation  vests  also  are  being 

developed.  Glenn  said  that  the  fact  that 
his  body  responded  without  ill  effects 
to  his  4-hour,  56-minute  flight  did  not 
necessarily  mean  that  longer  space  trips 
might  not  be  harmful. 

Glenn  said  that  one  of  the  most  im- 
portant findings  from  his  three-orbit 

flight  was  that  man,  not  machine,  is  the 
world's  best  computer. 

He  said  that  the  fear  originally  was 
that  the  pilot  in  orbit  might  black  out 
or  suffer  other  physical  failings,  and 
that  his  capsule  was  so  instrumented 
that  no  matter  what  happened  to  him 
the  mission  could  have  been  successfully 
completed  and  the  capsule  brought  back 
to  earth  safely. 

Glenn  also  indicated  that  future  astro- 
nauts should  be  about  the  same  age  as 

the  current  seven  were  when  they  started 
three  years  ago. 

As  far  as  the  new  program  is  con- 
cerned, NASA  officials  said  the  new 

astronauts  will  follow  about  the  same 
training  schedule  and  system  that  was 
used  to  prepare  for  the  Mercury  pro- 

gram. 

There  was  a  report  that  NASA  might 
consider  the  five  pilots  recently  gradu- 

ated from  the  Air  Force's  Astronaut 
School  for  inclusion  in  the  new  group. 
An  informed  DOD  source  said,  how- 

ever, it  is  very  likely  that  these  men  will 
not  be  available  because  of  other  duties. 

FIRST  NASA  DRAWING  of  Advanced  Saturn  booster  shows:  1.  heat  shield;  2.  LOX 
fill;  3.  fuel  vent;  4.  retro  rockets;  5.  diffuser;  6.  hold  down:  7.  fuel  fill;  8.  air  scoops; 
9.  engine  heat  shield:  10.  fuel;  11.  LOX;  12.  instruments. 
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In  news  conference  .  .  . 

Glenn  Foresees  Less  Complex  Capsules 

(The  following  is  an  edited  text  of  the 
Feb.  23  press  conference  held  by  Astronaut 
John  H.  Glenn  at  Cape  Canaveral  follow- 

ing his  three-orbit  Mercury  flight  on  Feb. 
20.) 

I'M  VERY  HAPPY  to  report  no  ill effects  from  Zero  Gs. 
It  was  very  pleasant  as  a  matter  of  fact 

and  I  had  no  tendency  to  particularly  over- 
reach switches  or  have  any  trouble  with 

the  controls  as  a  result  of  Zero  Gs — in- 
deed, a  very,  very  pleasant  experience. 

Someone  told  me  last  night  after  I  had 
been  talking  so  enthusiastically  about  this 
that  I  was  an  addict  to  it  and  I  think  I 
probably  am.  It's  a  wonderful  feeling. 

Camera  Stays  Put 
Some  of  the  things  that  happened  under 

Zero  G  sort  of  demonstrated  how  fast  a 
human  being  adapts  to  this  situation.  I  had 
this  little  hand  camera  in  my  hands  and 
when  I  had  taken  a  picture  and  I  wanted 
to  do  something  with  the  switch  immedi- 

ately, it  just  seemed  natural  at  that  time 
after  I  had  been  weightless  for  I  guess  a 
half  hour  or  45  minutes  I  had  acclimated 
to  this  rapidly  enough  and  it  just  seemed 
perfectly  natural  rather  than  to  put  the 
camera  away,  I  just  put  it  out  in  mid-air 
and  let  go  of  it  and  went  ahead  with  the 
switch  position  and  reached  back  to  the 
camera  and  went  on  with  the  work. 

Under  this  Zero  G  condition,  of  course, 
it  would  be  easy  to  lose  different  items, 
have  them  get  away  and  get  out  of  reach 
some  place.  As  far  as  I  know  there  was 
only  one  item  that  got  lost  and  that  was 
a  little  can  of  film  that  I  got  out  and  was 
going  to  put  in  the  camera.  And  I  let  it 
slip  out  of  my  fingers  and  went  to  grab  for 
it  and  instead  of  clamping  on  to  it  I  batted 
it  and  it  went  sailing  off  behind  the  instru- 

ment panel  and  I  think  that  was  the  last 
I  saw  of  it. 

Eating  experiments — we  had  planned  to 
do  some  of  that.  We'd  tried  this  before  on 
some  of  the  weightless  flights  in  the  air- 

planes, simulating  weightlessness  for  a 
minute  or  so,  and  it  hadn't  appeared  to  be any  big  problem.  However,  we  wanted  to 
try  it.  And  I  did.  I  had  one  tube  of  food 
that  was — that  I  squeezed  into  my  mouth 
out  of  a  tube — and  this  presented  no  prob- 

lems swallowing  or  getting  it  down  at  all. 
I  think  the  only  restriction  probably  to 

food  will  be  that  it  not  be  of  a  particularly 
crumbly  nature  like  crumbly  cookies  that 
have  little  particles  to  them  that  might 
break  off  and  you  wouldn't  be  able  to  get all  these  back  unless  you  had  a  butterfly 
net  of  some  kind,  I  guess. 

Speed  Relative 

Speed  sensations — I've  been  asked  re- 
peatedly since  the  flight  about  the  sensation 

of  speed.  Speed,  of  course,  is  relative.  If 

you're  in  a  complete — if  you  have  nothing to  refer  to,  you  could  be  going  almost  any 
speed  and  you  wouldn't  have  any  sensation of  it. 

I  think  the  nearest  I  can  come  to  it,  is 
ah — most  of  you  have  flown  on  jet  air- 

liners or  have  flown  in  jet  airplanes  at 
30.000  feet  or  so  and  I  think  the  feeling 
of  speed  is  about  the  same  as  flying  in  an 
airliner  such  as  that  and  looking  down  at 
clouds,  say  maybe  at  a  height  of  say  10,000 
feet  below  you. 

It  was  very  noticeable.  Over  a  good  part 
of  our  track,  there  were  clouds  of  one  type 
or  another.  They  obscured  some  of  the 
areas  we  wanted  to  look  at.  Part  of  the 
Western  United  States,  down  across  North- 

ern Mexico,  large — almost  the  whole  Pa- 
cific— was  covered  by  one  type  cloud  or 

another. 
First,  coming  down  Australia,  Australia 

was  always  in  the  dark  so  we  never  could 
see  Australia  although  we  could  see  lights 
from  the  city  of  Perth.  Cities  around 
Perth,  too. 

The  sunset  was  probably  the  most  im- 
pressive thing  you  would  see  in  orbital 

flight. 
These  were  very  brilliantly  colored  hues 

and  the  colors  stretch  out  from  the  sun  to 
the  horizon.  The  horizon  stays  light  for. 
I  would  estimate,  some  four  to  five  min- 

utes after  sunset,  which  I  found  rather 
surprising  because  I  thought  the  darkness 
would  come  on  much  more  rapidly  than 
that. 

Those  'Fireflies' 
And  this  would  bring  us  around  to  a 

sunrise.  This  turned  into  a  pretty  inter- 
esting area  each  time  around,  I  think  as 

most  of  you  are  aware.  At  first  light  of 
sunrise — the  first  sunrise  I  came  to  I  was 
still  faced  back  toward  the  direction  which 
I  had  come  from  with  normal  orbit  atti- 

tude and  just  as  the  first  rays  of  sun  came 
up  onto  the  capsule.  I  glanced  back  down 
inside  to  check  some  instruments  and  do 
something  and  when  I  glanced  back  out  my 
initial  reaction  was  that  I  was  looking  out 
into  a  complete  star  field.  The  capsule  had 
probably  gone  up  while  I  wasn't  looking out  the  window  and  I  was  looking  into 
nothing  but  a  new  star  field,  but  this  wasn't the  case,  because  a  lot  of  little  things  that 
I  thought  actually  were  stars  were  actually 
a  bright,  bluish  green  about  the  size  and 
intensity  of  a  firefly  on  a  real  dark  night. 

And  these  little  particles  that  were  out- 
side the  capsule  were — I  would  estimate — 

some  6  to  10  feet  apart,  and  there  were 
literally  thousands  of  them.  As  far  as  I 
could  look  off  to  each  side  I  could  see 
them.  I  could  see  them  back  along  the 
path.  Later  on  I  turned  around  so  that  I 
was  facing  the  direction  from  which  they 
appeared  to  be  coming  and  although,  in 

that  direction,  toward  the  bright  sunlight 
of  the  dawn  most  of  them  disappeared, 
you  still  could  see  a  few  of  them  coming 
toward  the  capsule. 

I  was  moving  very  slowly  through  this 
field — I  estimated  that  my  velocity  through 
this  field  was  some  three  to  five  miles  per 
hour.  They  did  not  seem  to  be  emanating 
from  the  capsule.  They  appeared  to  have 
even  distribution  on  each  side  of  the  cap- 

sule. I  thought  of  two  things  that  they 
might  be  initially.  One  was  the  cloud  of 
needles  that  the  Air  Force  put  up  some 
time  ago  and  that  appears  to  have  disap- 

peared somewhere.  I  thought  that  we  had 
suddenly  found  them  again.  But  they  didn't 
look  like  that — They  didn't  look  like  they 
had  any  length  to  them  at  all.  The  other 
thing  I  thought  was  perhaps  that — as  we 
use  our  hydrogen  peroxide  jets — the  hydro- 

gen peroxide  decomposes  into  steam  and 
oxygen  and  comes  out  under  high  heat 
pressure.  And  I  thought  perhaps  this  water 
vapor  was  turning  into  little  snowflakes 
and  the  luminous  light  from  the  sun  was 
causing  them  to  fluoresce  for  some  reason 
or  other.  But  when  I  would  work  the 
thrusters  on  the  capsule,  this  did  not  ap- 

pear to  be  causing  any  snowflakes  or  any- 
thing like  it  at  all. 

So  all  I  can  say  about  these  is  that  I 
saw  them  from  about  the  first  light  of  sun 
to  a  period  of  three  and  a  half  or  four 
minutes.  That  time  period  made  close  ob- 

servation of  them  possible.  Occasionally, 
one  of  them  would  come  drifting  by  the 
capsule  window  very  close  in  the  side 
from  the  sun  and  at  that  time  they  would 
look  like  very  small  white  particles.  And 
they  would  vary  in  size  from  maybe  pin- 
head  size  to  something  say  about  three 
eights  of  an  inch  in  diameter,  or  that  order. 

Some  Problems 
We  had  some  problems  during  the  flight. 

The  automatic  stabilization  and  control 
system  was  causing  some  difficulty.  It 
didn't  appear  to  be  correcting  up  the  way 
it  should.  I  was  able  to  use  the  manual 
control  during  that  period  and  this  ap- 

peared to — it  didn't  cause  any  trouble  at all.  It  seemed  very  natural  to  take  over 
manual  control  after  all  of  the  trainer 
work  we've  done.  Trainer  simulations,  in- 

cidentally, were  very,  very  close  to  the 
orbital  control  situation.  This  was  par- 

ticularly true  in  the  fly-by-wire  mode  where 
we  control  through  the  automatic  thrusters. 
When  we  started  having  this  problem  at 
the  end  of  the  first  orbit,  I  was  largely  on 
manual  control  from  there  on  until  the 
end  of  the  flight. 

The  other  observations  that  we  had 
planned  to  make  had  to  go  by  the  boards, 
while  I  tried  to  work  out  the  control  sys- 

tem problems,  and  I  spent  most  of  the  last 
two  orbits  working  on  this  and  making 
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some  other  observations,  largely  concen- 
trating about  90  per  cent  of  the  time  on 

the  control  system. 
Ground,  as  most  of  you  probably  know 

— the  ground  telemetry  receivers  had 
picked  up  an  impulse  that  I  possibly  had  a 
loose  heat  shield.  And  for  that  reason  it 
was  deemed  advisable  to  keep  the  retro- 
package  in  place  during  re-entry  so  that  it 
would  go  ahead  and  burn  off  and  by  that 
time  we  would  be  in  a  high  enough  aero- 

dynamic force  field  to  keep  the  heat  shield 
in  place,  in  case  it  was,  in  fact,  loose. 

This  made  pretty  spectacular  re-entry 
from  the  capsule  standpoint  because  as 
the  retro  package — as  I  retained  the  retro 
package  and  entered  into  the  first  part  of 
the  high  heat  area  of  the  re-entry,  the 
straps  on  the  retro  pack  broke  loose  and 
1  felt  a  bump  on  the  capsule  and  thought 
that  the  retro  package  had  jettisoned  as  it 
was  supposed  to  do.  Apparently  this  was 
not  true,  but  I  thought  so  at  the  time.  As 
I  went  into  the  higher  heat  this  glow 
picked  up.  Outside  the  capsule  was  sort  of 
a  bright  orange  flow  outside  the  window. 

It  became  apparent  that  something  was 
tearing  up  on  the  heat  shield  end  of  the 
capsule  because  there  were  large  pieces — 
anywhere  from  pieces  as  big  as  the  end 
of  your  finger  to  pieces  probably  seven  or 
eight  inches  in  diameter — were  breaking 
off  and  falling  off  the  edge  of  the  capsule 
and  coming  up  back  past  the  window,  and 
were  flaming  very  brightly.  You  could  see 
the  fire  and  the  glow  from  them  as  they 
could  come  back  up  past  the  window. 

Well,  this  obviously  was  the  retro  pack- 
age burning  up  and  breaking  off  as  we 

knew  it  would  if  it  had  been  retained.  1 
thought  at  that  time,  however,  that  the 
retropackage  had  already  been  jettisoned. 
So  there  were  some  moments  of  doubt 
whether  the  heat  shield  had  been  dam- 

aged and  whether  it  might  be  tearing  up 
itself  and  this — this  could  have  been  a  bad 
day  all  the  way  around  if  this  had  been 
the  case. 

I  understand  there  was  some  miscon- 
ception also  when  we  referred  to  this  term 

blackout  during  re-entry,  and  I  was  ques- 
tioned aboard  ship  as  to  how  I  had  sur- 

vived the  blackout  and  when  I  regained 
consciousness,  and  a  few  things  like  this, 
and  this  was — when  we  referred  to  black- 

out during  re-entry,  a  communications 
blackout  is  what  we  were  referring  to  in 
this  case.  And  we  probably  should  reterm 
this  a  "comloss,"  or  something  like  that, 
so  that  we  don't  confuse  it  with  a  black- 

out of  the  astronaut  involved. 
This  is  due  to  high  ionization  around 

the  capsule  and  makes  it  impossible  for  the 
radio  frequencies  that  we're  using  to  get  in 
and  out  from  the  capsule. 

G's  during  re-entry  got  up  to  about  8. 
Parachute  functioned  in  completely  normal 
fashion.  The  destroyer  Noa  was  close  by 
and  had  me  spotted  and  came  over  and 
made  an  excellent  pick-up  of  the  capsule. 

It  came  aboard  and  at  that  time  I  had 
been  heated  up  enough  and  had  been 
sweating  very  profusely  long  enough  that 
I  decided  after  taking  the  panel — the  right 
side  of  the  panel — down,  preparing  the 
egress  out  through  the  top,  I  decided  at 
that  time,  since  we  were  already  on  deck. 
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that  it  was  hardly  worth  the  effort  and  I 
should  get  on  out  and  be  comfortable,  so 
I  did. 
We  blew  the  hatch  on  the  side,  after 

checking  to  see  that  everyone  was  clear 
outside  and  come  on  out  through  the  side 
hatch. 

I  think,  perhaps,  the  difficulty  that  we 
had  and  the  action  I  had  to  take  may 
actually  have  been  a  blessing  in  disguise 
in  one  way,  because  it  showed  when  we 
had  to  that  a  man  can  take  over  control 
of  the  various  systems  and  operate  man- 

ually and  still  know  what  he's  doing  and not  have  any  ill  effects  in  this  regard  from 
Zero  G. 

And  probably,  if  sufficient  study  of  our 
records  from  this  flight  warrants  it,  we 
probably  can  go  on  some  future  flights 
with  considerably  less  automation  and  less 
complexity,  we  hope,  as  a  result  of  some 
of  the  things  that  we  learned  on  this  flight. 

Q.  Colonel  Glenn,  what  changes  are  you 
going  to  recommend  in  the  capsule's  con- 

trol for  Deke  Slayton's  flight? A.  Well,  before  we  make  any  positive 
statement  like  that  as  to  the  exact  recom- 

mendations for  future  flights,  we  need  to 
do  a  lot  more  looking  into  records  and 
data  and  get  all  the  tapes  back  from  the 
various  stations  around  the  network  and 
we  have  several  weeks'  work  to  do  just sitting  down  and  analyzing  the  data. 

Q.  Colonel  Glenn,  what  did  the  stars 
and  the  earth  look  like  up  there? 

A.  Well,  stars — I  was  a  little  bit  sur- 
prised. I  think  I  maybe  expected  to  see 

the  stars  in  greater  quantity  and  greater 
numbers  than  I  had  seen  them  before.  The 
nearest  thing  I  could  compare  it  to  and 
did  compare  it  to  during  debriefing  was 
the — I  think — if  you've  been  out  in  the desert  on  a  very  clear  brilliant  night  when 
there's  no  moon  up  and  the  stars  just  seem 
to  jump  out  at  you,  that's  just  about  the way  the  stars  look. 

Q.  Colonel  Glenn,  when  did  you  know 
that  you  had  a  possible  emergency  on  your 
hands  and  how  concerned  were  you  about 
it? 

A.  You  mean  the  retro  rockets? 
Q.  No,  the  heat  shield  problem  .  .  . 
A.  I  don't  recall  the  exact  time  that  I 

knew  about  it.  I  knew  about  it  for  some 
time  in  advance  of  the  retro  sequence.  I 
can't  pin  a  time  to  it  exactly.  I  didn't 
really  contest  this  decision  from  the  con- 

trol center,  because  I  knew  that  the  ex- 
perts we  had  on  the  ground  had  certainly 

thought  this  thing  out  much  more  thor- 
oughly than  I  could  in  flight  to  make  the 

recommendation  that  they  could  make. 
So,  while  it  was  of  some  concern,  of 

course,  because  it  was  a  malfunction  .  .  . 
we  never  have  had  a  capsule  re-enter  with 
a  retro-pack  on  it  before.  Something  un- 

tried like  that  you  look  at  it  with  a — a 
little  bit  askance  maybe  before  you  try  it, 
of  course,  so  there  was  some  concern 
about  it. 

I  think  the  major  concern  when  these 
chunks  started  breaking  off  during  re-entry 
and  I  could  see  them  going  back  by  the 
capsule.  This  was  a  period  when  I  wasn't sure  whether  it  was  a  damaged  heat  shield 
beginning  to  break  up.  Obviously,  it  was 
the  retro  pack. 

Q.  Could  you  tell  us  some  of  the  things 

you  saw  on  earth  during  the  course  of 
your  flight? 

A.  It's  all  very  spectacular  from  up there.  You  can  see  a  tremendous  distance. 
You're  up  above  the  atmosphere.  You  see 
this  little  horizon  band  of  very  brilliant 
blue  color  even  on  the  day  side. 

Certainly  one  of  the  most  beautiful 
things  is  to  be  on  the  dark  side  with  the 
full  moon  out  and  see  this  coming  off  the 
clouds  down  below. 

And  then  running  over  and  seeing  the 
very  sharp  demarcation  line  where  the 
stars  keep  coming  down  below  the  horizon. 
It's  interesting  to  note  that  your  sunsets 
and  the  stars  moving  down  behind  the 
horizon  occur  at  approximately  18  times 
their  normal  speed.  This  makes  for  a  pretty 
speedy  sunset  .  .  . 
You  can  see  different  patterns  in  the 

ocean  currents,  like  the  Gulf  Stream.  You 
can  see  on  the  earth — one  area  that  I  could 
observe  very  clearly  was  the  area  north- west of  El  Paso. 

And  that's  an  area  where  there's  a  lot 
of  desert  with  a  big  irrigated  area  that 
comes  down  a  valley  northwest  of  El  Paso 
and  that  stood  out  very  much.  You  can  see 
the  squares  of  the  irrigated  areas  from  this distance. 

Q.  Do  you  agree  that  future  Astronauts 
may  need  much  less  physical  training  than 
you  and  your  colleagues? 

A.  The  question  was  the  remark  that 
Bill  Douglas  made  about  the  condition  I 
came  back  in,  he'd  have  been  willing  to 
send  his  wife  and  son  along,  and  did  this 
mean  that  we  probably  could  do  with  less 
physical  conditioning  in  the  future.  Well. 
I  would  have  been  very  happy  to  have 
had  Mary  and  Mike  along,  but  it  was  a 
little  bit  crowded.  But  as  far  as  lessening 
our  physical  training.  I  don't  think  so. 
You  don't  know  what  you  might  run  into 
on  future  flights  and  we  certainly  would 
not  want  to  make  a  categorical  statement 
that  because  we  had  this  one  successful 
outing  we  would  never  run  into  any  more 
strenuous  things  physically  than  we  ran 
into  this  time. 

Q.  In  the  future,  we  have  planned  to 
experiment  with  a  so-called  rendezvous  or 
docking  technique  in  space  and  it's  going to  be  important  to  know  how  your  depth 
perception  is  in  space.  Did  you  have  any 
trouble  figuring  out  just  where  the  booster 
was  when  it  started  leaving  the  .  .  .? 

A.  No.  This  was  quite  a  sight.  Right 
at  turn  around  the  capsule  separated  from 
the  boosters — turn  around  and  as  it  swung 
around,  the  booster  was  sitting  there  prob- 

ably within  a  hundred  yards.  Very  visible, 
very  clear.  We  talked  about  this  during 
debriefing.  If  I  had  the  capability  of  having 
a  little  thrust  to  move  over  that  direction, 
could  I  have  maneuvered  toward  it?  I 

think  very  definitely  you  could.  I  don't think  this  would  be  any  problem  at  all 
from  that  distance. 

1  think  you're  always  going  to  have  a 
reference  point  of  sorts.  It  may  be  stars  or 
it  may  be  an  artificial  horizon  that  you 
have  set  up  at  a  certain  gyro  angle,  but  I 
don't  think  you're,  in  effect,  you'd  be 
saying  you  couldn't  rendezvous  as  a  blind 
person.  And  this  is  true.  I  think  you'll always  have  some  reference,  although.  I 
don't  think  you'd  be  completely  without 
reference.  8 
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At  Senate  hearings  .  .  . 

Nuclear-Powered  ComSat  Design  Shown 

THE  RADIO  CORPORATION  of 
America  is  designing  a  nuclear-powered 
satellite  which  would  provide  up  to  eight 
times  more  communications  channel 
capacity  than  current  first-generation 
systems. 

Dr.  Elmer  W.  Engstrom,  RCA  Pres- 
ident, told  a  Senate  Space  Committee 

hearing  on  commercial  communication 
satellite  system  legislation,  that  the  new 
spacecraft  would  be  51  ft.  long  and 
weigh  6000  lbs.  He  said  the  satellite 
could  be  ready  by  1966. 

Meanwhile,  quick  congressional  con- 
sideration of  the  legislation  was  assured 

as  the  House  Commerce  Committee  an- 
nounced that  it  will  open  public  hear- 

ings on  March  13. 
As  the  hearings  opened,  there  were 

strong  indications  that  the  Administra- 
tion plan  for  a  broadly  owned  private 

corporation  will  have  a  tough  row  to  hoe 
in  Congress. 

Dr.  Engstrom  surprised  members  of 
the  Senate  committee  when  he  told  them 
that  RCA  supports  the  Kennedy  Ad- 

ministration proposal  (M/R,  Feb.  12, 
p.  17),  but  will  not  invest  any  money 
in  it — at  least  for  the  near  future. 

Engstrom  said  a  future  decision,  per- 
haps in  six  months  or  a  year,  would  be 

based  in  part  on  whether  RCA  could 
own  ground  stations  necessary  to  the 
system.  This  is  not  provided  for  in  the 
Administration  bill. 

The  RCA  executive  indicated  that 
while  he  supported  the  bill,  he  thought 
it  was  premature.  He  said  that  the  sys- 

tem is  technically,  but  not  economically, 
feasible  at  this  time. 

Committee  Chairman  Robert  S.  Kerr 
(D-Okla.)  attacked  a  provision  of  the 
Administration  bill  which  would  give 
the  State  Department  responsibility  for 
conducting  negotiations  with  foreign 
communication  carriers  that  wanted  to 
use  the  system.  He  told  a  Department 
witness  that  "you  will  have  as  much 
control  as  if  the  government  owned  it." 

Later,  Chairman  Newton  N.  Minow 
of  the  Federal  Communications  Com- 

mission said  he  favored  legislation  intro- 
duced by  Kerr  which  would  limit  owner- 

ship in  the  corporation  to  established 
common  carriers  such  as  the  American 
Telephone  and  Telegraph  Co. 

•  NASA  backing— Dr.  Hugh  L. 
Dryden,  deputy  NASA  administrator, 
told  the  committee  that  prolonged  pub- 

lic vs.  private  ownership  debate  would 
likely  cause  a  slow-down  in  develop- 

ment of  a  communications  satellite  sys- 
tem. He  said  he  appeared  "in  support 

of  the  Administration's  position  of  pri- 
vate ownership." He  discounted  a  question  raised  by 

a  recent  Senate  Space  Committee  report 
that  the  ComSat  program  would  place 
unusual  demands  on  available  boosters 
and  launch  facilities.  The  report  urged 
the  consideration  now  of  expanding 
facilities  to  avoid  conflicts  with  other 
space  programs.  Dryden  said  there 
would  be  an  adequate  supply  of  boosters 
for  orbiting  low-  and  medium-altitude 
systems. 

The  NASA  official  estimated  con- 
servatively that  it  would  take  five  years 

to  launch  a  workable  global  system.  He 
expressed  confidence  that  it  could  be 
done,  though  the  necessary  hardware 
has  not  been  developed. 

He  said  that  there  was  no  question 
of  the  need  for  space  communications. 
Since  1950,  he  continued,  transatlantic 
phone  calls  have  doubled.  He  added 
that  they  will  grow  five  times  again  in 
the  next  decade. 

Milton  J.  Stoller,  acting  director  of 
NASA's  Office  of  Applications,  dis- 

closed some  new  details  on  the  space 
agency's  follow-on  low-  and  medium- 
altitude  satellites  during  his  testimony 
before  the  committee. 

He  said  that  the  advanced  low- 
altitude  satellite — similar  to  the  current 
Relay  series — will  weigh  about  600  lbs. 
The  launch  vehicle  which  will  be  used 

will  be  the  Atlas-Agena  B,  and  it  will 
be  boosted  to  6000  miles  and  perhaps 
as  high  as  12,000  miles. 

Three  launches  are  scheduled  to  be 
made  in  1964.  The  advanced  system 
will  have  an  increased  capacity  of  four 
TV  channels  or  its  equivalent  in  tele- 

phone channels.  The  satellite  will  also 
be  earth-oriented,  to  take  advantage  of 
the  improved  performance  of  directed 
antennas.  By  increasing  the  altitude  in 
orbit,  the  time  available  for  transmission 
between  a  pair  of  typical  ground  sta- 

tions will  be  increased  by  some  25%. 
Compared  to  the  current  Syncom 

capacity  of  one  channel,  the  advanced 
high-altitude  system  would  also  have 
four  TV  channels.  The  follow-on  satel- 

lite will  weigh  500  lbs.,  many  times 
heavier  than  the  current  Syncom  weight 
of  55  lbs. 

It  will  also  be  boosted  by  Atlas 
Agena  B  to  an  altitude  of  22,300  miles. 
Two  launches  are  scheduled  in  1964 
and  one  in  1965. 

•  The  most — The  nuclear-powered 
satellite  proposed  by  RCA  would,  how- 

ever, be  the  "daddy"  of  them  all. The  satellite  would  be  boosted  to  a 
300-mile  parking  orbit  by  a  launch  ve- 

hicle such  as  the  Atlas-Centaur  and  the 
Titan-Agena.  From  the  300-mile  orbit 
it  would  be  raised  to  its  22,300-mile 
synchronous  orbit  by  electric  propulsion. 

The  electrical  propulsion  units 
would  be  operated  by  the  60-kilowatt 
atomic  power  supply  to  provide  about 
one  lb.  of  thrust,  sufficient  to  move  the 
satellite  to  desired  altitude  in  60  days,  tt 
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In  study  by  GE  .  .  . 

Basic  AF  Spacesuit  Described 

ASTRONAUTS  PREPARE  to  leave  space  vehicle  to  make  repairs  on  the  outside  in 
Project  SPACE  CAPE-type  suits.  Back  closure  can  be  remote-controlled.  Legend: 
A.  antenna;  B.  hard  helmet;  C.  orifice  for  visor  defog  spray;  D.  outer  protective  visor 
stack;  E.  helmet  visor;  F.  remote  control  activator  for  pressure  sealing,  dorsal  closure; 
G.  feeding  port;  H.  life  support  vest  with  back  pack;  I.  exhaust  port;  J.  pressure  sealing 
main  closure;  K.  thermally  protected  gloves;  L.  soft  boots. 

by  Heather  M.  David 
THE  AIR  FORCE  has  released  first 

details  of  a  study  that  will  be  the  basis 
for  redevelopment  of  all  suits  to  be 
worn  inside  and  outside  AF  space  ships. 

The  report,  parts  of  which  are  still 
classified,  gives  an  indication  of  what 
the  Air  Force  is  planning  in  the  way  of 
space  missions:  it  calls  for  a  garment 
which  can  be  worn  outside  a  vehicle  in 
a  circular  orbit  at  altitudes  of  from  300 
to  500  n.  mi.,  during  a  mission  lasting 
from  two  to  five  months. 

General  Electric's  Missile  and  Space 
Vehicle  Department  carried  out  the 
study  under  the  project  name  SPACE 
CAPE  (Complete  Anthropomorphic 
Protective  Enclosure).  The  department 
made  recommendations  for  design  but 
did  not  develop  an  actual  spacesuit. 

The  type  of  suit  studied  is  to  be 
worn  for  no  longer  than  four  hours 
outside  the  vehicle  (while  making  re- 

pairs, etc.)  and  eight  hours  inside.  As 
the  word  "anthropomorphic"  indicates, 
the  design  must  conform  to  the  outlines 
of  the  wearer's  body. 

•  Biggest  problem — heat — The  ma- 
jor design  problem,  the  study  said,  will 

be  the  extreme  variations  in  tempera- 
ture. 

For  instance:  Temperatures  will  be 
very  hot  if  the  man  is  between  the  sun 
and  the  vehicle.  Here  he  will  be  receiv- 

ing the  direct  radiation  of  the  sun,  re- 
flection and  emission  from  the  vehicle, 

and  earth  albedo  and  earth  emission. 
On  the  other  hand,  he  might  be  in 

the  shadow  of  both  the  earth  and  the 
vehicle — an  extremely  cold  situation. 

Furthermore,  the  same  suit  will  be 
worn  in  the  controlled  temperatures  and 
humidity  of  the  cabin  during  emergency 
periods  of  the  journey,  such  as  launch 
and  re-entry. 

In  the  hottest  case,  researchers  have 
determined  that  1300  Btu/hour  must 
be  removed  from  inside  the  suit.  Under 
the  best  or  coolest  condition,  350  Btu/ 
hour  must  still  be  removed. 

A  complementary  heat  balance  sys- 
tem must  be  designed,  as  well  as  air 

circulation  for  breathing  and  humidity 
control.  As  project  head  Norm  Belasco 
points  out,  an  attempt  to  cool  the  space- 

man with  air  flow  would  surround  him 
by  a  miniature  cyclone. 

•  Radiation — The  Air  Force  chose 
the  500-mile  limit  because  critical  quan- 

tities of  radiation  seem  to  begin  at 

about  540  miles. 
For  solar  flares,  warning  devices 

and  emergency  procedure  (perhaps 
abort)  and  equipment  are  suggested. 

A  helmet  and  ear  cups  must  be 
properly  designed  for  the  noise  of 
launch  and  re-entry.  The  boundary  line 
of  permissible  noise  is  about  130  deci- 

bels at  40  cycles  per  second. 
•  Oxygen  supply  —  Although  the 

study  suggests  a  back-pack  approach 
to  life-support  systems  outside  the  vehi- 

cle, it  also  mentions  a  new  possibility. 
The  authors  say  that  it  may  be  feas- 

ible to  incorporate  layers  of  vacuum- 
regenerative  adsorbers  into  the  suit 
structure.  A  thin  layer  of  one  of  these 
chemicals  would  remove  COL>  and  water 
vapor  with  virtually  no  design  compro- 
mises. 

When  the  suit  is  removed  upon 
return  to  the  ship,  it  could  be  placed  in 
an  air  lock  and  exposed  to  the  space 
vacuum.  Within  a  short  time,  the  COL> 
and  water  vapor  would  be  released  and 
the  suit  ready  to  go  again. 

•  Donning  method  —  The  easiest 
way  to  get  in  and  out  of  a  suit  is  to 

use  a  main  closure  which  "traces"  the 
spine.  It  is  possible  to  design  this  clo- 

sure to  have  positive  interlocking  and 
pressure  sealing  features,  yet  be  very 
strong.  The  classified  report  on  this 
study  gives  details. 

A  better  shoulder  joint  than  those 
in  existing  suits  may  be  needed.  De- 

tails on  a  new  design  for  hip  joints  are 
also  included  in  the  classified  report 
available  at  the  Aeronautical  Systems 
Division,  AFSC,  Wright-Patterson  AFB. 

•  Helmet — A  helmet  with  a  soft 
back  will  be  easier  to  put  on  and  re- 

move than  the  present  hard-shell  type. 
The  author's  concept  also  includes  pro- 

tective visors,  feeding  and  vomitus  re- 
moval and  buffeting  protection. 

A  novel  technique  can  be  adopted 
for  a  communications  system.  The 
group  evolved  a  transceiver  working  on 
such  passive  elements  such  as  resistors 
and  diodes.  This  eliminated  power-re- 

quiring elements  such  as  tubes  and 

transistors.  Thus  the  system  wouldn't require  a  portable  power  supply,  but 

would  operate  on  power  "beamed" from  the  parent  vehicle.  *♦ 
18 missiles  and  rockets,  March  5,  1962 



nee  leads  planning 

Europe  Antes  Up  for  Space 
 Research 

by  Bernard  Poirier 

COOPERATIVE  Research  in  space 
European  nations  is  beginning  to  hit 

:  her  financial  soil. 
Before  August,  major  participating 

untries  are  expected  to  have  approved 
idgets  totaling  about  $150  million  for 
ternational  space  projects.  In  addi- 
ra,  almost  $50  million  annually  is  ear- 
larked  for  national  programs. 
France  clearly  dominates  space 

anning  on  the  European  scene,  al- 
lough  Italy  has  recently  adopted  an 
mbitious  satellite  launching  plan. 

Three  principal  groups  are  striving 
3  unite  sufficient  European  resources 
i  space: 
COPERS — the  European  Prepara- 

ory  Commission  for  Space  Research 
nade  possible  through  the  Meyrin 
Agreement  signed  by  11  countries. 
ZOPERS  was  guaranteed  financial  re- 

sponsibility on  Feb.  27,  1961,  and  rati- 
fied formally  on  March  13,  1961.  Head- 

quarters are  in  Paris,  but  COPERS  has 
a  short  lifetime  and  is  expected  to 
evolve  into  ESRO. 

ESRO — the  European  Space  Re- 
search Organization  which  is  expected 

to  start  functioning  in  October,  1962, 
will  establish  research  centers  and  man- 

ufacture satellites,  but  will  not  make 
rockets.  Current  plans  call  for  buying 
U.S.  vehicles  or  the  space  rocket  pro- 

posed by  ESLO. 
ESLO  —  the  European  Satellite 

Launching  Organization  (Blue  Streak 
group)  is  still  in  the  talking  stage. 
ESLO  proposes  to  produce  jointly  a 
90-ft.,  three-stage,  satellite-carrying 
rocket  using  a  Blue  Streak  first  stage,  a 
French  second  stage  and  a  West  Ger- 

man third  stage.  Other  participating 
countries,  if  any,  presumably  would  act 
as  subcontractors  to  the  three  national 
primes  in  interstage  design  and  manu- 

facturing and  in  ground  control  equip- 
ment. 

Remaining  in  the  background,  how- 
ever, is  the  only  technical  proposal  yet 

to  be  brought  forward  publicly — that 
by  Britain's  Hawker  Siddeley  Group 
and  France's  1RBM  agency,  SEREB. 
Their  proposal,  which  might  cost  as 
much  as  $800  million  over  a  four-year 
period,  would  culminate  in  the  launch- 

ing of  several  experimental  communica- tions satellites. 
The  British  group  controls  seven 
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aviation  and  missile  companies,  the 
largest  single  aerospace  group  in  the 
Commonwealth.  SEREB  (Societe  pour 
l'Etude  et  la  Realisation  d'Engins  Bal- 
listiques)  has  shares  held  by  Nord,  Sud, 
SNECMA,  ONERA,  G.  A.  M.  Das- 

sault, MATRA  and  SEPR. 
The  Anglo-French  proposal  eval- 

uated Western  European  aerospace  po- 
tential and  outlined  several  peaceful 

and  military  programs  believed  to  be 
attainable  in  a  four-  or  five-year  time 
interval. 

Along  with  civil  communications 
satellites,  Hawker  Siddeley  and  SEREB 
proposed  Transit  navigation  satellites, 

propulsion,  materials,  lightweight  struc- 
tural research  and  electronic  miniatur- 

ization development. 
•  Streamlined  agency — France  re- 

cently established  a  National  Center 
for  Space  Research — CNES — replacing 
its  French  Research  Committee,  which 
was  cross-fertilized  by  representation 
of  a  number  of  leading  French  institu- 

tions. CNES  is  a  streamlined  Space- 
Age  organization  whose  charter  appar- 

ently gives  it  an  individual  budget,  fi- 
nancial autonomy  and  freedom  of  ac- 

tion by  reporting  directly  through  a 
member  who  operates  as  the  Prime 
Minister's  personal  representative. 

CNES  was  recently  allotted  $16 
million  as  a  start,  half  of  which  is  for 
international  space  programs  and  the 
other  half  for  France's  national  space 
efforts.  Already,  $25  million  is  avail- 

able for  space  activities  in  the  Program 
Law  adopted  in  the  waning  days  of 
1960.  France  may  commit  as  much  as 
$120  million  during  each  of  the  next 
five  years  since  she  is  an  active 
COPERS,  ESRO  and  ESLO  participant. 
Her  share  in  ESRO,  for  example,  will 
be  about  20%. 

Nationally,  France  might  assign  a 

top  priority  to  orbiting  a  110-lb.  satel- 
lite before  the  end  of  1964.  It  has  al- 

ready been  suggested  that  the  IRBM 
now  in  R&D  be  modified  for  first-stage 
work  in  an  all-French-manufactured 
space  rocket.  However,  there  has  been 
some  effort  to  encourage  an  independent 
civil/industrial  first-stage  effort  concur- 

rently with  the  IRBM  work. 
The  French  are  also  considering 

construction  of  sites  for  flight-testing 
and  satellite-launching  in  metropolitan 
France — thus  cutting  logistics  and  sup- 

ply costs  involved  in  Hammaguir  test- 

ing by  at  least  an  order  of  magnitude. 
Sites  at  Biscarosse,  Levant  Island  and 
Quiberon  have  already  been  mentioned 
as  replacements  of  the  Colomb-Bechar complex. 

Italy  is  promoting  the  idea  of  using 
Perdasdefuego  on  Sardinia  for  a  Euro- 

pean launching  site  when  ESRO  and 
ESLO  are  finally  ratified.  France  is  of- 

fering its  current  Sahara  site  or  metro- 
politan sites  for  consideration,  and  Aus- tralia is  interested  in  European  plans 

coupled  to  possible  use  of  its  Woomera missile  testing  range. 
•  New  momentum — The  European 

space  outlook  is  getting  brighter.  Al- 
though COPERS  meetings  have  been 

quietly  held  in  Paris  and  eleswhere  in 

Europe  (such  as  at  the  Max-Planck 
Institute  in  Munich),  at  least  five  coun- 

tries seem  to  actively  support  a  Labo- 
ratory of  Space  Technology  under 

eventual  ESRO  auspices. 
United  here  are  Britain,  France, 

Switzerland,  Netherlands  and  Belgium. 
France  has  offered  Bretigny  as  the  site 
where  900  scientists  and  technicians 
would  be  employed.  Other  programs 
suggested  for  ESRO  by  the  COPERS 
membership  are  an  Electronic  Comput- 

ing Laboratory  for  data  processing 
(Germany),  an  Advanced  Research Laboratory  for  Propulsion  (Italy)  and 
instrumentation  and  materials  studies. 

Sweden  has  suggested  a  launching 
site  at  Kiruna,  Sweden,  which  is  partic- 

ularly ideal  for  solving  some  of  the 
radio  transmission  riddles  evident  dur- 

ing aurora  borealis  disturbances. The  Blue  Streak  ESLO  group  has 

had  trouble  getting  signatures  for  agree- ment since  the  first  heralded  Strasbourg 
Conference,  but  indications  are  growing 
that  Britain,  France  and  West  Germany 
will  go  it  alone  if  others  do  not  show  a 
willingness  to  participate  soon. 

Rolls-Royce  has  upped  the  Blue 
Streak  static  thrust  design  from  137,000 
lbs.  to  150,000  lbs.,  in  anticipation  of 
final  European  agreement  to  get  going 
with  a  serious  space  effort  by  utUizing 
the  best  available  means.  Both  France 
and  West  Germany  have  finally  taken 
the  bit  in  their  teeth;  West  Germany 
recently  established  an  Institute  of 

Space  Research  in  its  Test  Establish- ment for  Aeronautics  and  Spaceflight. 
COPERS  membership  lists  Belgium, 

Denmark,  France,  Italy,  Netherlands, (Continued  on  page  53) 
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MOBILIZING 

FOR 

About  fifty-billion  dollars  will  be  spent  in  the  next  decade  to  develop 
the  moon  program — 80%  with  industry. 

NOVEMBER  27,  1961  —  MISSILES  AND  ROCKETS  published  its  NASA 
Issue,  an  in-depth  study  of  the  National  Aeronautics  and  Space 
Administration's  programs,  projects,  facilities,  personnel,  and  con- 

tracting procedures — emphasis  centered  on  NASA's  future  material 
and  contract  requirements.  JANUARY  5,  1962  —  Over  1,000  single 
copies  ordered  by  companies  and  individuals.  JANUARY  11 ,  1962 
—  NASA  purchased  60,000  reprints  of  the  editorial  section  of  the 
NASA  issue. 

NOW—  MISSILES  AND  ROCKETS,  for  the  first  time,  offers  companies 
interested  in  doing  business  with  NASA  the  opportunity  to  buy 
reprints  of  the  editorial  section  of  the  NASA  Issue — 1961's  most 
important  and  informative  missile/space  publication. 

CONTENTS        M/R's  FIRST  ANNUAL  NASA  issue- 

II  Webb:  Moon  Landing  May  Be  Man's  Toughest  Endeavor 
III  Dryden:  Industry  Charged  With  Achieving  Reliability 

PREVIEW  OF  PROGRESS  BY  FIELDS  OF  INTEREST— 

la  Planning:  Spending  in  '60's  To  Reach  $50  Billion 
4  Spacecraft:  Apollo  Team  To  Be  Chosen  by  Mid-1962 
7  Propulsion:  Mastery  of  Hydrogen  Vital  to  Success 
10  Electronics:  Market  To  Total  $5  Billion  in  3  Years 
13  Space  Medicine:  Panel  To  Decide  How  Funds  Are  Spent 
14  APU's:  Auxiliary  Power  R&D  Funding  Soars  by  86% 
16  Materials:  Trend  Toward  More  Research  by  Industry 
19  Contracting:  Up  to  $4  Billion  a  Year  May  Be  Awarded 

GUIDE  TO  SPACE  AGENCY  INSTALLATIONS— 
21  Headquarters:  Seamans  To  Run  24,000— Man  Lunar  Team 
24  Marshall  Will  Receive  $1  Billion  in  Fiscal  Year  1963 
27  Apollo  Contracts  To  Flow  from  New  Houston  Center 
29  Western  Ops  Awaits  Upsurge  of  West  Coast  Activity 
30  Goddard's  Funds  Tagged  Mainly  for  Unmanned  Craft 
33  Cape's  Launch  Directorate  Due  for  500%  Money  Hike 
35  Wallops  Island  To  Grow  Only  Slightly— If  At  All 
36  Pacific  Range  Has  Modest  Program  But  Key  Role 
37  Langley  Continues  As  Materials/Structures  R&D  Leader 
40  Lewis  May  Move  Away  from  Its  In-House  Tradition 
43  Ames  Work  on  Life  Support  Systems  Intensifies 
45  Edwards  Expected  To  Get  Big  Spacecraft  Recovery  Role 
49  JPL  Speeds  Lunar  Work,  Will  Double  Expenditures 

Price:  1-10  copies— $1.00  each.  11  or  more — "75  cents  eac 
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ASTROLOG 

Current  status  of  U.  S.  missile  and  space  programs  plus  all  orbiting  satellites 

Missiles 

PROJECT CONTRACTORS DESCRIPTION STATUS 

ALFA  (Navy) Navy,  prime;  Avco,  air  frame ASW  surface-to-underwater;  500  lb.  solid; 
conventional 

Deployed  on  destroyer  escorts 

★ASROC  (Navy) Minneapolis- Honeywell,     prime;     Sang  a  mo 
Electric,  sonar;  torpedo,  GE;  depth  charge, 
M-H;    Librascope- General     Precision,  fire 
control 

Surface-to-underwater;  rocket-thrown  anti- 
submarine missile;  nuclear  or  conventional, 

range  about  8  miles;  advanced  ASROC 
(improved   Mark  44   torpedo)   under  R&D 

Operational  on  destroyers,  destroyer  escorts, 
heavy  cruisers  and  guided  missile  frigates. 

★  ASTOR  (Navy) Westinghouse,  prime Mark  45  ASW  underwater  to  underwater 
wire-guided  torpedo;  nuclear 

Approved  for  service  use  and  production 

★  ATLAS  (Air GD.  Astronautics,      prime;      GE,  Burroughs, 
Arma,    guidance;    Rocketdyne,  propulsion; 
GE/Avco,  re-entry  vehicle;  Acoustica,  pro- 

pellent utilization 

ICBM;  more  than  5500-to-9000  mile  range; 

inertial  guidance;  earlier  ATLAS  "D"  has 
radio  inertial;  proposed  ATLAS  "G" would  have  900,000-lb.  thrust  and  4000-lb. 
payload  capability 

112  launchings;  82  successes,  23  partial,  13 
failures;  1  1  bases  for  1  3  squadrons;  opera- 

tional at  Vandenberg,  Warren,  Offutt, 
Fairchild  and  Forbes;  total  of  54  launchers 
operational,  ATLAS  F  being  tested 

★BOMARC-A 
(Air  Force) 

Boeing,  prime;  IBM/ Westinghouse,  guidance; 
Aerojet/Marquardt,  propulsion 

Ramjet  surface-to-air  interceptor;  liquid 
booster;  250  m.  range;  Mach  2.7;  nuclear 

Five  bases  operational  in  Northeastern  U.S. 
from  Virginia  to  Maine,  production  completed 

★  BOMARC-B 
(Air  Force) 

Boeing,  prime;  Kearfott  Westinghouse,  IBM 
guidance;  Thiokol  Marquardt,  propulsion 

Ramjet,  surface-to-air;  solid  booster;  Mach 
2.7;  more  than  400  m.  range;  nuclear 

First  base  operational  May,  1961;  two  more 
planned;  A-squadrons  will  be  strengthened with  advanced  B  model 

★  BULLPUP 
(Navy-Air  Force) 

Martin,   prime;   Martin,   guidance;  Thiokol, 
Naval  Propellant  Plant,  propulsion;  Maxson, 
second-source  prime 

Air-to-surface;  3-6  mile  range;  radio-guided 
conventional  250-1 000-lb.  bomb;  BULLPUP 
B:  nuclear  warhead  and  I  pre-packaged 
liquid  motor;  nuclear-tipped  model  nearly 
operational;  AF  designation:  GAM  83-A 
(HE  warhead),  GAM  83-B  (nuclear) 

Deployed  with  Atlantic  and  Pacific  Fleets; 
operational  with  Air  Force  units.  Marines 
launching  BULLPUP  from  helicopters. 

COBRA  (Navy) No  contract  announced Anti-ship  radar  missile Early  R&D 
★CORPORAL 

(Army) 
Firestone,  prime;  Gilfillan,  guidance;  Ryan, 
propulsion 

Surface-to-surface,-  75- mile  range;  liquid, - 
nuclear;  command  guidance 

Deployed  with  U.S.  &  NATO  troops  in 
Europe.  SERGEANT  to  replace  CORPORAL 
beginning  this  year 

CROW  (Navy) No  contract  announced Air-to-air  missile R&D;  has  been  flight  tested 
★DAVY  CROCK- 

ETT (Army) 
In-house  project  directed  by  Rock  Island, 
III.,,  arsenal 

Surface  to  surface;  solid;  bazooka  launched; 
sub-kiloton  nuclear  warhead;  two  launchers; 
vehicle  mounted  or  carried  by  two  men 

Operational  in  Europe;  FY  '63  budget  funds for  majority  of  inventory  objective 

★ENTAC  (Army) Nord  Aviation,  prime Antitank;  6600-ft.  range;  37  lbs.;  HE  war- 
head; wire-guided;  man-portable 

Operational;  Army  buying  from  French  in 
quantity  to  replace  SS-10 

★FABMDS(Army) GD/ Astronautics,  Hughes,  Martin,  GE,  Ray- 
theon, Sylvania — feasibility  studies 

Mobile  antimissile  defense  system  to  provide 
an  effective  defense  of  the  field  army 
against  enemy  ballistic  missiles 

Feasibility  studies  submitted  to  ARGMA  last 
year;  now  being  evaluated  by  special 
committees  of  experts 

★  FALCON  (Air 
Force) Hughes,  prime,-  Hughes,   guidance;  Thiokol, 

propulsion 
Air-to-air;  5-mile  range;  Mach  2;  solid; 
conventional;  GAR-1  1  model  has  nuclear warhead 

Operational;  buy-out  of  GAR  3A,  4A  and 
11  in  FY  '62;  GAR  9  under  continued development 

★EAGLET  (Navy) No  contractors  announced Cut-down  EAGLE;  air-to-air  for  use  on 
TFX  aircraft 

Study 

GENIE  (Air 
Force) Douglas,  prime;  Aerojet-General,  propulsion Air-to-air  unguided;  1  .5-mile  range  nuclear Operational 

GIMLET  (Navy) No  contract  announced Air-to-surface;  unguided;  considered  highly 
accurate 

R&D 

★  HAAW 
(Army) 

AOMC,  prime No  details  available;  Heavy  antitank  assualt weapon Development;  funds  provided  in  FY  '63 budget 

if  Indicates  changes  since  January,  1962,  Astrolog 



PROJECT CONTRACTORS DESCRIPTION STATUS 
★  HAWK  (Army) Raytheon,  prime;  Raytheon,  guidance;  Aero- 

jet-General, propulsion 
Surface-to-air;  22-mile  range;  solid;  con- 

ventional; provides  defense  against  medium 
and  low-flying  aircraft  and  cruise -type 
missiles;  improvements  in  system  to  be 
phased  into  production  and  furnished  as 
modification  kits  to  existing  equipment 

Operational;  deployed  in  Europe,  Panama, 
Okinawa,  U.S.  (13  battalions);  Jan.  29,  1960 
successfully  intercepted  HONEST  JOHN,  first 
known  missile  intercept  of  another;  '63  pro- curement will  essentially   complete  deploy 
ment  objective 

★  HONEST  JOHN 
(Army) 

Douglas  Emerson  Electric,  prime;  Hercules, 
propulsion 

Surface-to-surface;  unguided;  1  2-mile  range; 
nuclear;  5800  lbs.;  ADVANCED  HONEST 
JOHN  has  increased  performance,  lighter 
and  smaller;  also  developed  a  lighter- 
weight  mobile  launcher  and  an  air-trans- 

porter launcher 

Operational;  deployed  in  Europe;  to  be 
replaced  by  MISSILE  B 

★  HOUND  DOG 
(Air  Force) 

North  American,  prime;  Autonetics,  guidance; 
Pratt  and  Whitney,  propulsion 

Air  breathing  air-to-surface;  500-mile  range; 
Mach  1 .7;  turbojet;  nuclear;  B  version  in 
production 

Operational;  to  be  launched  from  B-52G intercontinental  bombers;  stockpile  expected 
to  exceed  400 

★  JUPITER  (Air Force) 
Chrysler,  prime;  Sperry  Farragut,  guidance; 
Rocketdyne,  propulsion;  Goodyear  CLT,  re- 

entry vehicle 

IRBM;  liquid;  nuclear Operational  in  Italy  (30  launchers)  with 
Italian  AF,-  being  deployed  in  Turkey;  30 
R&D  launchings;  23  successes,  5  partials, 
2  failures.  2  Italian  training  launches: 
2  successes 

★LACROSSE 
(Army) 

Martin,  prime;  Martin,  guidance;  Thiokol 
propulsion 

Surface-to-surface;  highly  mobile;  20-mile 
range;  solid;  nuclear 

Operational;  three  units  deployed  in  Europe; 
more  being  trained;  to  be  replaced  by 
MISSILE  B 

★LITTLE  JOHN 
(Army) 

Emerson  Electric,  prime;  Hercules  Powder, 
propulsion 

Surface-to-surface;  unguided;  10-mile  range; 
solid;  nuclear 

First  4-launcher  battalion  operational  this 
winter;  supplements  medium  and  heavy 
artillery  in  airborne  divisions  and  air- 
transportable  commands 

★M72  (Army) Hesse-Eastern  Div.,  Flightex  Fabrics,  prime Light  antitank  rocket;  carrier  tube  launcher; 
4.5  lbs.;  25  in.  long '  3  in.  diameter 

In  production;  replaces  3.5-in.  rocket launcher  and  rifle  grenade;  before  type 
classification  system  known  as  LAW 

★MACE  (Air Force) 
Martin,  prime;  Goodyear  AC  Spark  Plug, 
guidance;  Thiokol  Allison,  propulsion 

Air-breathing  surface-to-surface;  more  than 
650- mile  range;  turbojet  &  solid -nuclear; 
B  model  has  more  than  1 200  mile  range ; 
inertial  guidance 

Being  deployed  with  U.S.  troops  in  West 
Germany;  new  all  mobile  but  hard -base version  development  completed;  to  be  in 
Okinawa,  Korea;  replaced  MATADOR  in U.S.  arsenal 

MATADOR  (Air 
Force) 

Martin,  prime;  Thiokol  Allison,  propulsion Air-breathing  surface-to-surface;  650  mile range Being  turned  over  to  West  Germans;  also 
deployed  in  Far  East 

★  MAULER  (Army) GD  Pomona,  prime;  Hughes,  guidance; 
Lockheed,  propulsion;  DeHavMand,  IR  acquisi- tion 

Surface-to-air;  radar  guidance;  highly 
mobile  antiaircraft  and  antimissile  missile 
for  field  use;  on  tracked  vehicle;  12  missiles 
per  launcher 

R&D;  NATO  may  buy 

★medium- 
range  BAL- 

LISTIC MISSILE 
(Air  Force) 

Guidance:  AC  Spark  Plug  and  GPI  compet- 
ing for  contract 

Two-stage,  solid  propellent,  stellar-inertial 
guidance;  entire  system  contained  in  one 
mobile  vehicle;  range:  300-1500  miles 

Development;  RFPs  to  go  to  industry  in  Feb.; 
contractor  setup  finalized  by  June  30; 
state-of-art  missile  to  be  developed  in 
shortest  possible  time;  to  be  deployed  in 
Europe  and  Far  East ★minuteman 

{Air  Force) 
Boeing,  major  contractor;  Autonetics,  guid- 

ance; Thiokol,  propulsion  first  stage;  Aerojet, 
propulsion  second  stage;  Hercules,  third 
stage;  Avco,  re-entry  vehicle;  AMF-ACF, rail  launcher 

2nd  generation  ICBM;  solid;  fixed;  nuclear; 
3  stages Development;  initial  procurement  late  this 

year;  scheduled  to  be  operational  mid-1962 at  Malmstrom  AFB;  9  Launchings:  7  successful, 
1  partial;  1  failure;  tactical  rail  system  tests 
completed;  3  squadrons  at  Malmstrom,  Mont.; 
Ellsworth,  S.  D.;  Whiteman,  Mo.;  Minot, 
N.  D.;  16  squadrons  to  be  procured  through 
FY  '63,  more  in  later  years;  mobile  version killed 

M-55  (Army) Norris  Thermador,  prime Four-inch  diameter,  small,  short-range  poison 
gas  rockets;  to  be  fired  from  45-tube launchers 

Operational 

★missile  b 
(Army) 

AOMC,  prime A  highly-mobile  general-purpose  missile; 
range  10-50  miles 

Funds  available  in  FY  '63  budget  for  initial 
development;  eventually  will  replace  HON- EST JOHN  and  LACROSSE;  division  support weapon 

★  nike-ajax 
(Army) 

Western  Electric,  prime;  Western  Electric, 
guidance;  Thiokol,  propulsion;  Douglas, 
airframe 

Surface-to-air;  25-mile  range;  Mach  2.5; 
solid  &  liquid;  conventional 

Deployed  in  U.S.,  Europe  &  Far  East; 
1 9  battalions  still  operated  by  National 
Guard  are  gradually  being  phased  out 

★  NIKE-HER- 
CULES (Army) 

Western  Electric,  prime;  Western  Electric 
guidance;  Hercules  &  Thiokol,  propulsion; 
Douglas,  airframe 

Surface-to-air;  75-mile  range;  Mach  3  +  ; 
nuclear;  antiaircraft,  tactical  missiles;  mobile 
or  fixed 

Rapidly  replacing  NIKE-AJAX;  well  over  80 batteries  deployed  in  U.S.;  increasing  number 
to  be  manned  by  Army  National  Guard 
Units;  more  than  1 0  N-H  batteries  were 
deployed  overseas  in  1961;  N-H  on  Formosa 

★  NIKE-ZEUS 
(Army) 

Western  Electric,  prime;  Bell  Telephone, 
guidance;  Thiokol  Lockheed,  propulsion; 
Douglas,  airframe 

Anti-missile;  3-stage;  200-mile  range;  solid; 
nuclear 

R&D  test  launchings  at  White  Sands,  and  Pt. 
Mugu,  44  R&D  launchings;  28  successful,  14 
partial,  2  failures,  First  successful  3-stage launching  Nov.  30,  1961;  complete  system 
tests  at  Kwajalein  about  middle  of  year; 
first   ZEUS    Kwajalein    launching    Dec.  14 

★PERSHING 
(Army) 

Martin,  prime;  Bendix,  guidance,  Thiokol, 
propulsion 

Surface-to-surface;  two-stage  solid;  approx. 
400 -mile  range;  nuclear;  transported  on 
FMC  XM474  tracked  vehicle;  proposed 
PERSHING  II  would  have  1000-mile  range 

R&D;  to  replace  REDSTONE,  31  R&D  launch- 
ings: 27  successes  (both  stages  launched, 

guidance  carried  as  passenger  Dec.  12  for 
first  time),  4  failures.  Operational  this  year 
in  Europe;  W.  Germany  buying  PERSHINGS 



PROJECT 

★  POLARIS 
(Navy) 

QUAIL  (Air 
Force) 

RAVEN  (Navy) 

★-REDEYE  (Army) 

REDSTONE 
(Army) 

★REGULUS  I 
(Navy) 

SEMPER 
(Marines) 

★sergeant 
(Army) 

★shillelagh 
(Army) 

★SHRIKE  (Navy) 

★sidewinder 
(Navy-Air  Force) 

★SKYBOLT  (Aii 
Force) 

★SLAM  (Aii 
Force) 

★SPARROW  III 
(Navy) 

SUBROC(Navy) 

SS-10  (Army) 

SS-11  (Army) 

★TALOS  (Navy) 

★TARTAR  (Navy) 

TERNE  (Navy) 

★TERRIER  (Navy) 

CONTRACTORS 

Lockheed,  prime;  GE/ MIT,  guidance  and 
fire  control;  Aerojet-General,  propulsion; 
Lockheed,  re-entry  vehicle 

McDonnell,  prime;  Summers  Gyro,  guidance; 
GE,  propulsion;  Ramo-Wooldridge,  ECM 
equipment 
No  contract  announced 

GD/Pomona,  prime;  Phiico/Convair,  Atlantic 
Research,  propulsion 

Chrysler,  prime;  Sperry  Farragut,  guidance; 
Rocketdyne,  propulsion 
Chance  Vought,  prime  and  guidance; 
Aerojet-General,  propulsion 

No  contracts  announced 

Sperry,  prime;  Sperry,  guidance;  Thiokol, 
propulsion 

Aeronutronic,  prime 

NOTS-China  Lake,  prime;  Texas  Instruments, 
guidance 
GE-Philco,  prime;  Philco/GE  guidance; 
Naval  Powder  Plant,  propulsion 

Douglas,  prime;  Nortronics,  guidance;  Aero- 
jet, propulsion,-  GE,  re-entry  vehicle 

No  contract  announced 

Raytheon,  prime;  Raytheon,  guidance;  Aero- 
jet-General, Thiokol  propulsion 

Goodyear,  prime:  Kearfott,  guidance;  Thio- 
kol, propulsion;  Librascope-General  Pre- 

cision, fire  control 
Nord  Aviation,  prime;  GE,  U.S.  licensee 

Nord  Aviation,  prime;  GE.,  U.S.  licensee 

Bendix,  prime;  Bendix/Sperry,  guidance; 
Naval  Propellant  Plant,  propulsion 

GD/  Pomona,  prime;  Raytheon,  guidance; 
Aerojet-General,  propulsion 

Kongsberg  Vapenfabrikk,  prime; 
systems  integration 
GD/Pomona,  prime;  Reeves/ FTL,  Sperry 
guidance;  ABL,  propulsion 

DESCRIPTION 

Underwater  and  surface-to-surface;  solid; 
1200-mile  range;  A-l  installed  aboard  first 
six  submarines;  nuclear;  A-2  (1500  n.m.) 
aboard  submarines  7-19;  A-3  (2500  n.m.) 
aboard  20th  and  all  subsequent  subs; 
possible  A-4  4000-5000  mile  range  missile 
under  study.  Total  POLARIS  submarine  pro- 

gram: 41  with  six  being  added  during  FY  '63 
and  final  six  during  FY  '64 
ECM-carrying  bomber  decoy;  about  200  m. 
range;  jet  powered 

Air-to-surface;  about  500-mile  range 
Surface-to-air;  4-foot,  20-lb.  bazooka-type; 
IR  guidance;  solid;  conventional;  container- 
launcher  disposable 

Surface-to-surface;  liquid;  200-mile  range; 
nuclear 

Surface-to-surface;  turbojet  &  solid;  500- 
mile  range;  nuclear 

Believed  to  be  an  air-launched  missile 

Surface-to-surface;  solid;  more  than  75-mile 
range;  nuclear;  inertial  guidance 

Surface-to-surface;  lightweight;  can  be 
vehicle-mounted  for  use  against  field  forti- 

fications, armor  and  close-in  support  of  troops 
Air-to-surface;  anti-radar;  formerly  called 
ARM 

Air-to-air;  IR  guidance;  more  than  2  m. 
range;  conventional;  new  1  -C  models  to  have 
switchable  !R  and  radar- guided  warheads 
and  a  new  and  improved  rocket  motor 
ALBM;  more  than  100-mile  range;  solid; 
nuclear;  to  be  launched  from  B-52  and Vulcan  bombers 

Surface-to-surface;  low-altitude;  supersonic,- 
nuclear  ramjet;  designed  to  conduct  long 
aerial  patrols  at  speeds  up  to  2000  mph. 
Air-to-air;  5-8  mile  range;  Mach  2.5-3;  solid 
and  pre-packaged  liquid;  conventional 

Underwater  or  surface-to-underwater  anti- 
submarine missile;  25-30  mile  range;  solid; nuclear 

Surface-to-surface;  primarily  antitank;  1600- 
yards  range;  33  lbs.  solid;  wire  guided; 
conventional 

Surface-to-surface;  also  helicopter-to-sur- 
face; 3800-yard  range;  63  lbs;  wire  guided; conventional 

Surface-to-air;  65-mile  range,- 
ramjet;  Mach  2.5;  nuclear 

solid  & 

Surface-to-air  10-mile  range;  Mach  2; 
15  feet  long  &  1  foot  in  diameter;  solid 
dual-thrust  motor;  conventional 

Surface-to-underwater  ASW  missile; 
lbs;  HE  warhead 
Surface-to-air;  10-mile  range;  Mach  2.5;  Operational  aboard 
27  feet  long;  solid  conventional;  2  greatly    (K1**"  -! 
improved    versions    placed    :-     —  -■-  
during  '61 

STATUS 
105  launchings  of  test  vehicles;  73  successes; 
24  partial;  8  failures;  37  also  launched  from 
submerged  subs— all  cleared  surface;  27 
successful  flights,  10  failures.  Five  subs  each 
with  16  missiles  operational.  29  POLARIS  II 
(A2)  R&D  missiles  successfully  launched  from 
submerged  Ethan  Allen  Oct.  23;  A2  in  pro- duction 

Deployed  at  SAC  bases;  carried  by  B-52; 
procurement  completed  FY  '61 
Study 

Plans  for  immediate  production  cancelled 
because  of  unsatisfactory  tests 

Deployed  with  U.S.  troops  in  Europe;  to  be 
replaced  by  PERSHING 
Deployed  aboard  U.S.  submarines  and 
cruisers;  REGULUS  II  used  as  target  drone; 
modernization  program  initiated  during 
FY  '61  to  retrofit  missiles  with  a  new  airborne 
guidance  system;  retrofit  to  be  completed 

by  end  of  FY  '62 R&D  testing  at  Pt.  Mugu 

In  production;  procurement,  except  for 
training  missiles,  to  be  completed  during 
FY  '63;  will  replace  CORPORAL;  deploy- ment in  Europe  in  1962 
Development 

Development;  first  production  buy  in  FY  '63 budget 

Deployed  with  Navy  and  Air  Force;  all- weather  type  under  development;  delivery 
of  1-C  version  to  start  early  in  this  calendar 

year 

R&D;  to  be  purchased  by  British;  operational 
1964;  air  drops  from  B-52  and  Vulcan bombers  successful 

Propulsion  system  being  developed  under 
project  PLUTO;  feasibility  proven 

Operational  with  carrier  aircraft,  earlier 
SPARROW  I  obsolete;  production  begun  on 
advanced  version  (SPARROW  III  B)  to  be 
prime  armament  for  F4H-1  interceptor; 
F3H-2  Demon  also  to  carry  III  B — presently 
equipped  with  SPARROW  III  and  III  A 
Operational  aboard  nuclear-powered  attack sub  Thresher 

Operational  with  U.S.,  French  and  other 
NATO  and  Western  units;  battle-tested  in 
North  Africa;  U.S.  Army  replacing  it  with 
the  ENTAC 

Operational,  to  be  used  with  airborne  units 

Operational  aboard  cruisers  Galveston, 
Oklahoma  City  and  three  heavy  crusiers,- 
Long  Beach,  first  nuclear- powered  missile 
cruiser,  to  be  equipped  with  advanced TALOS 

Technical  evaluation  completed  in  '61;  in- stalled aboard  6  guided  missile  destroyers 
and  as  backup  on  heavy  cruisers  equipped 
with  TALOS;  advanced  version  with  greater 
range  and  improved  performance  available in  1962 

Navy  buying  from  Norway  to  equip  two destroyer  escorts 
_    one    attack  carrier 

t  yi^,.7    tivitty  Hawk),  one  light  cruiser  (Springfield) 
production    and  six  guided  missile  frigates;  also  used 

by  Marines  for  beachhead  operations 



PROJECT CONTRACTORS 

THOR  (Air 
Force} 

★  TITAN  (Air 
Force) 

TOMAHAWK 
(Army) 

★  TOW  (Army) 

★  TYPHON 
(Navy) 

WAGTAIL  (Air 
Force) 

ZUNI  (Navy) 

Douglas,  prime;  AC  Spark  Plug,  guidance; 
Rocketdyne,  propulsion;  GE  re-entry  vehicle 

DESCRIPTION 

Martin,  prime;  Bell/Sperry,  TITAN  I  guidance; 
AC  Spark  Plug,  TITAN  II  guidance,-  Aerojet- 
General,  propulsion;  Avco,  TITAN  I  re-entry 
vehicle;  GE,  TITAN  II  re-entry  vehicle 

Martin,  prime 

No  contractors  announced 

Bendix,  missile;  Westinghouse,  shipboard 
control 

Minneapolis-Honeywell,  prime 

Naval  Ordnance  Test  Station,  prime;  Hunter- 
Douglas,  propulsion 

Surface-to-surface  IRBM;  1500-mile  range; 
liquid;  nuclear 

Surface-to-surface  ICBM;  5000-mile  range; 
liquid;  90  feet  long;  nuclear;  TITAN  I  burns 
LOX-Kerosene;  TITAN  II  has  storable  pro- 
pellants,  inertia!  guidance,  bigger  payload, 
greater  range,  115  ft.  long  TITAN  III  using 
two  segmented  solid  motors  (120  in.  dia.) 
strapped  to  sides  of  TITAN  II  to  be  devel- 

oped as  space  booster 
Antitank 

Tube-launched,  optically  tracked,  wire 
guided,  HE  warhead 
Medium  and  long  range  seagoing  anti- aircraft and  antimissile  missiles  with  offensive 
capability  against  surface  ships  and  shore 
targets;  formerly  called  SUPER  TARTAR  and 
SUPER  TALOS;  solid  booster  and  ramjet 
sustainer;  conventional;  supersonic 

Family  of  airborne  RLM's  (rear-launched missiles):  air-to-air  and  air-to-surface 
Air-to-air,  air-to-surface; 
5-m.  range;  conventional 

solid;  unguided; 

STATUS 

Satellites  and  Spacecraft 

Operational;  4  bases  (60  launchers)  set  up 
in  England.  69  military  launchings:  48 
successes;  1  1  partial;  10  failures,  65  scientific 
launchings:  56  successful,  2  partial;  7  failures 
50  launchings  test  vehicles:  37  successes;  9 
partial;  4  failures.  8  bases  for  12  squadrons 
planned;  TITAN  I  scheduled  to  be  opera- tional mid  - 1 96 1 ,  slipped  to  early  spring; 
TITAN  II  scheduled  operational  early  1963; 
TITAN  I  successfully  launched  from  TITAN  ll 
silo;  first  TITAN   II   test  early  1962 

Study 

Follow-on  to  ENTAC;  feasibility  studies 
awarded  to  Martin,  McDonnell  and  Hughes 

Development;  successor  for  TALOS,  TARTAR 
and  TERRIER;  expense  of  system  may  delay 

deployment 

Late  R&D 

Operational 

PROJECT CONTRACTORS 

★"ADVENT  (Army) 

★ANNA  (Army, 
Navy,  AF, 
NASA) 

Army  Signal  Corps,  prime;  Bendix  prime  for 
24-hour  satellite  communications  package; 
GE,  vehicle 

No  contractors  announced 

AEROS  (NASA)     No  contract  announced 

★  APOLLO 
(NASA) 

★ARENTS(ARPA) 

North  American,  Command  &  Mission 
Modules,  systems  integration;  MIT,  guidance 
development;  tele-communications,  Collins 
Radio,-  Stabilization  &  Control,  Minneapolis- 
Honeywell;  Environmental  control,  Ai  Re- 

search; Parachute  Recovery,  Radioplane; 
Escape  Tower  Rocket,  Lockheed  Propulsion 
Co. 
GD/Astronautics,  prime 

★"ASP  (Air  Force)    No  contracts  announced 

★  BAMBI  (ARPA)      GD/Astronautics,  STL 

CSAR  (Air  Force)    No  contracts  announced 

★  DISCOVERER       Lockheed,  prime;  GE,  re-entry  vehicle 
(Air  Force) 

DESCRIPTION 

★  DYNA-SOAR  I 
(Air  Force) 

★  ECHO  (NASA) 

Boeing,  spacecraft  and  systems  integrator; 
Martin,  propulsion;  Minneapolis-Honeywell, 
guidance;  RCA,  communications  data  link 

Langley  Research  Center,  prime 

Twenty -four  hour  instantaneous  repeater 
communications  satellite;  more  than  1250 
lbs.;  program  incorporates  Projects  STEER, 
DECREE  and  COURIER;  initial  launchings  into 
5000  mile  orbits  will  use  ATLAS  AGENA  B 

Geodetic  satellite;  50-100  lbs.;  probably 
spherical;  mission:  intercontinental  surveying 
using  bright  flashing  light  for  triangulation 
24-hour  weather  satellite  earth-stabilized ; 
TV  cameras  with  variable  focus;  may  use 
SNAP-50  for  power 

Three-man  spacecraft  for  earth  orbital, 
lunar  orbital  and  lunar  landing  missions. 
Boosters:  Advanced  SATURN  (C-5)  for 
rendezvous;  NOVA  for  direct  flight 

Satellites  to  investigate  deep  space;  22,000 
m.  orbits;  ATLAS-CENTAUR  booster 

Aerospace  plane,  a  manned  spacecraft 
capable  of  operating  in  the  atmosphere 
and  space. 

Satellite  system  capable  of  intercepting 
enemy  missiles  in  boost  phase  using  space 
based  platforms  and  interceptors 
Communications  satellite  system;  satellites 
to  weigh  possibly  two  tons 
THOR-AGENA  and  ATLAS-AGENA  launch- 

ings of  early  stabilized  satellites;  main  pur- 
pose is  to  test  techniques  and  components 

for  military  space  systems 

Boost-glide  orbital  spacecraft;  program  will 
demonstrate  the  capability  for  positive 
controlled  re-entry  and  recovery  from 
orbit.  TITAN  III  booster 

ECHO  I:  100  ft.  inflatable  sphere  in  1000 
mile  orbit;  passive  communication  satellite; 
ECHO  II:  135-ft.f  700-mi.  polar  orbit 

STATUS 

R&D;  ground  sites  nearing  completion  at 
Ft.  Dix,  N.J.,  and  Camp  Roberts,  Calif.; 
shipboard  terminals  also  being  designed; 
first  launchings  late  '62 

R&D 

Planning.  First  flights  would  be  in  1964  or 
1965;  unfunded  FY  '62  budget;  TV  camera R&D  to  begin  soon. 

Earth  orbital  shots  scheduled  1964-65;  lunar 
orbits  1966;  lunar  landing,  1967-68.  Pro- 

pulsion and  orbiting  lab  module  contracts 
due  before  mid-62 

Contract  let  to  build  three  payloads;  launch- 
ings aboard  a  NASA  payload  to  be  re- 

evaluated due  to  CENTAUR  delay. 

Component  development  program  included 
in  FY  '63  budget. 

Feasibility  still  unproved;  additional  research underway 

Studies;  possibly  operational  mid-60's 

Launchings:  38;  1  1  capsules  recovered  from 
orbit  (7  air-snatched)  after  orbiting  earth 
one  to  three  days;  testing  of  AGENA  D 
assigned  to  DISCOVERER  program 

R&D;  program  reoriented  and  suborbital 
flights  eliminated,  design  details  finalized 
during  1961;  Project  ASSET  will  test  struc- 

tural integrity,  using  BLUE  SCOUT 
In  orbit  since  Aug.  12,  I960;  ECHO  II 
January  1962,  failed  to  orbit;  sub-orbital 
tests  early  '62 



PROJECT CONTRACTORS DESCRIPTION STATUS 

Bigger  and  heavier  MERCURY  capsule;  to  Development;  will  be  used  to  determine 
carry  two  men  for  periods  up  to  two  weeks  i  feasibility  of  rendezvous  for  lunar  mission; 

I  also  to  test  men  and  components  for  APOLLO ; 
first  unmanned  flights,  1963;  manned  and 
rendezvous  flights,  1964 

450  lbs  unmanned  spacecraft  for  early 
interplanetary  missions;  boosted  by  ATLA5- AGENA  B 

Seven  shots  planned.  First  scheduled  Venus 
fly-by  Aug.  1962 

First   U.S.   manned   satellite;  4000  lbs. First  manned  orbital  flight  Feb.  20,  1962  by 

ATLAS  and  REDSTONE capsule  including  escape  rocket);  boosters:  }  Lt.  Col.  John   Glenn,  USMC.  2-orbit  chimp shot  successful  Nov.  29;  extended  (24  hr) 
flights  planned  early  next  year  with  modi- fied MERCURY  capsule 

Early-warning  satellite;  detect  ICBM  launch- 
ings  by  IR;  R&D  models  weigh  2.5  tons;  oper- 

ational system  12-15  satellites 

★  NIMBUS 
(NASA) 

★OAO  (NASA) 

GE,  integration  and  testing '.  2nd  generation  weather  satellite;  earth- stabitized    polar    orbiting;    650    lbs.;  TV 
!  cameras  and  IR  scanners  in  payload;  THOR- AGENA  B  booster 

Grumman,  prime;  Westinghouse,  electronic  ;  3500-lb.  orbiting  astronomical  satellite 
components;   GE,  stabilization   and   control  j  observatory  equipped  with  two  large  tele- 

1  scopes;  boosted  by  SATURN  E-l 
OGO  (NASA)      ;  Space  Technology  Laboratories,  prime 1 000-lb.  satellites  with  instruments  for 

geophysical  measurements:  polar  (POGO) 
and  eccentric  (EGO)  shots  planned;  ATLAS- 
AGENA  B,  THOR-AGENA  B,  CENTAUR boosters 

OSO  (NASA)       ,  Ball  Brothers,  prime 440-lb.  orbiting  solar  observatory;  THOR- 
DELTA  booster,  S-16  early  version;  S-17  and 
S-57  advanced  versions 

R&D;  second  launching  May  24,  1960 
partial  success;  no  launchings  of  MIDAS 
during  FY  '61;  two  DISCOVERER  satellites launched  July  12  and  Oct.  21  were  used  for 
testing  MIDAS  IR  detection  equipment  in 

space First  launching  scheduled  in  FY'63;  four  R&D satellites  presently  planned 

First  flight  scheduled  in  late  1963  or  1964 

First  flight  scheduled  in  1963;  19  experi- 
ments planned  for  first  shot 

First  flight  planned  this  spring  for  S-16; 
first  flight  for  S-17  planned  for  1962 

^-PROSPECTOR    J  No  contract  announced (NASA) 
Soft-landed,  remote  control,  unmanned  ;  Early  design  phases;  mission  will  essentially 
moon  exploring  or  manned-lunar  support  !  be  determined  by  requirements  of  APOLLO 
spacecraft;  SATURN   booster  program 

★  RANGER  j  JPL,  prime;  Aeronutronic,  capsule;  Hercules, 
(NASA)  retrorocket 

300-lb.  instrumental  capsule  rough  landed 
on  moon;  ATLAS-AGENA  B  booster 

REBOUND  No  contract  announced 
(NASA) 

System  of  3  to  6  multi-launched  ECHO  II 

R&D;  first  two  flights  RANGERS  failed  to 
launch  from  orbit;  RANGER  III  launched 
Jan.  26;  failed  to  impact  moon,  went  into 
solar  orbit;  nine  RANGERS  planned 
First  orbital  flight  scheduled  for  1 963  or  1 964 

RELAY  (NASA)      RCA,  prime 

★SATELLITE         |  RCA,  prime INTERCEPTOR 
(Air  Force) 

100-lb  active  repeater  experimental  com-  ;  Britain,  France,  Brazil  and  Germany  building 
munications    satellites.    Commercial    system  >  ground  stations;  first  launching  this  year 
planned;  DELTA  booster 

SAMOS  (Air  Lockheed,  prime 
Force) 

SERT  (NASA)       :  RCA,  prime 

SLOMAR  (Air 
Force) 

Anti-satellite  inspection  system;  to  be  com-  ;  R&D;  formerly  known  as  SAINT;  during 
plemented  by  interception  system;  about  2  i  March,  1961,  contracts  let  to  design,  fabri- 
tons;  ATLAS-AGENA  B  launched  I  cate  and  test  the  spacecraft 
Reconnaissance  satellite;  formerly  SENTRY;  R&D;  SAMOS  II  successfully  launched  Jan.  31 
R&D  model  weighs  4100  lbs.  i  from  Vandenberg;  scheduled  to  be  opera- 

tional late  1962;  advanced  SAMOS  under 
development;  SAMOS  III  launching  failed 
Sept.  9;  satellite  believed  to  be  SAMOS  IV launched  Nov.  22 

SERT  I  to  be  launched  last  quarter  1962 
with  Hughes  and  Lewis  Center  engine 

Spinning  satellite  carrying  two  electric- 
propulsion   engines  for  environmental  tests 

Lockheed  and  Martin,  prime Logistics,  maintenance,  supply  spacecraft 
for  space  systems 

SURVEYOR  !  Hughes,  prime 
(NASA) 

Study  contracts  awarded  in  Dec,  1960 

750-lb.    spacecraft    soft-landing     100-300    First  moon  flights  1963;  seven  or  more  to  be 
lbs.  instruments  on  moon;  ATLAS-CENTAUR  \  launched  by  1965 

;  booster 
★SYNCOM  ]  Hughes,  prime 

(NASA) 
24-hr.   instantaneous   repeater   communica-  ;  R&D;  first  launching  scheduled  late  1962 
Hons  satellite.  DELTA  booster;  16-55.  lb.  sat-  | ellite;  initial  inclination  to  be  30  degrees 

★TELSTAR  !  BTL,  management  for  AT&T 
(AT&T-NASA) 

125  lb.,  active  repeater,  experimental  R&D;  two  to  four  satellites  planned;  first 
industry  communication  satellite;  DELTA  launching  scheduled  in  spring  by  NASA  on 
booster.  To  be  launched  into  3000  mile  j  cost-reimbursed  basis 
orbit 

TIROS  (NASA-  I  RCA,  prime 
Wea.  Bu.) 

Meteorological  satellite;  TV  pictures  of 
cloud  cover;  TIROS  II  and  III  carried  IR 
scanner 

★  TRANSIT  Applied  Physics  Laboratory,  prime 
(Navy) 

R&D;  first  launching  April,  1960;  second 
Nov.  23,  I960;  third  last  July  12,  fourth  Feb. 
8,  all  successful;  four  more  planned. 

Navigational  satellite;  R&D  model  weighs  TRANSIT  IIIB  launched  into  poor  orbit  Feb.  21 ; 
more  than  250  lbs.;  operational  model  j  IVA  orbited  June  29  with  2  piggyback  pay- 
about  50-100  lbs.  j  loads  that  failed  fo  separate;  IVB  with  TRAAC 

i  orbited  Nov.  15;  4-satellite  operational  sys- 
tem scheduled  to  be  in  orbit  by  last  quarter lOA? 



PROJECT 

*VOYAGER 
(NASA) 

YO  YO  (Navy) 

X-15  (NASA- 
AF-Novy) 

CONTRACTORS 
No  contract  announced 

No  contract  announced 

North  American,  prime;  Thiokol,  propulsion 

DESCRIPTION 

Unmanned  spacecraft  to  orbit  Mars  or 
Venus;  eject  several  hundred  pound  TV 
capsule  for  planetary  entry;  SATURN  booster 
weight;  opprox  2400  lbs. 

STATUS 

Study;  first  flight  planned  by  1965 

Tactical  sea -launched  one- pass  reconnais- 
sance satelloid 

Rocket  plane;  4000  mph;  flight  at  edge  of  Powered  flights  in  progress;  plane  #1  has 
space;  on  AF  model  each  XLR-II  rocket  hit  Mach  3  and  more  than  136,500  ft.  with 
engine  develops  16,000  lbs.  of  thrust;  |  XLR-ll  engine;  plane  jl2  with  XLR-99  engine 
XLR-99  engines  50,000  lbs.  Three  planes  turned  over  to  NASA;  has  hit  4093  mph 
delivered.  speed  record;  altitude  record  of  217,000  ft. 

I  (unofficial    for    manned,    powered  flight); 
|  plane  #3  flights  beginning 

Space  Vehicles 

★advanced SATURN S-IB,  Boeing;  S-ll,  North  Americon;  S-IV  B, 
Douglas;   F-l,   North   American;   J-2,  Pratt &  Whitney 

S-IB:  5  F-l  engines;  S-ll:  5  J-2  engines; 
S-IVB:  J-2  engine;  1st  stage:  LOX/RP; 
Upper  Stages  LOX/H-;100  ton  payload 
in  345  miles  orbit;  43  tons  to  escape  velocity. 

R&D;  first  flight  scheduled  for  1965; 
booster  planned  for  APOLLO  missions,  if 
rendezvous  scheme  is  successful. 

★  AGENA  (Air 
Force) Lockheed,  prime;  Bell,  propulsion 1700-pound  satellite  after  burnout;  AGENA 

B  stop-start  2450-lb.  engine;  about  fuel 
capacity  AGENA  A.  AGENA  D  to  be  devel- 

oped as  a  standardized  booster  for  a 
variety  of  payloads 

Used  in  DISCOVERER,  SAMOS  and  MIDAS 
programs;  larger  AGENA  B  also  to  be  used with  ATLAS  and  THOR 

BLUE  SCOUT 
(Air  Force) 

Aeronutronic,  prime;  Minneapolis-Honeywell, 
guidance;    Aerojet  Hercules,    Thiokol  pro- 
pulsion 

Solid  multi-stage  booster  based  on  SCOUT 
components 

Pair  of  LOX- liquid  hydrogen  engines; 
30,000  lbs.  total  thrust,  atop  ATLAS  booster, 
capable  orbiting  8500  lbs.  launching  1450- 
Ib.  space  probe. 

Operational 

★CENTAUR 
(NASA) 

GD  Astronautics,  prime;  Pratt  &  Whitney, 
propulsion;    Minneapolis- Honeywell,  guid- 

First  flight  test  slipped  to  late  March  or  April; 
first  engine  delivered 

DELTA  (NASA) Douglas,   booster;   Bell,   guidance;  Rocket- 
dyne  Aerojet  ABL,  propulsion 

Successor  to  THOR-ABLE;  upper  stage  guid- 
ance; 500  lb.  payload  capacity 

Interim  launch  vehicle  for  TIROS-ECHO; 
being  used  for  other  satellites  and  one  deep 
space  probe;  26  on  order 

★NOVA  (NASA) No    prime    announced;    Rocketdyne,  pro- 
pulsion 

1st  Stage:  5  F-l  engines;  2nd  Stage:  5  J-2 
engines;  3rd  Stage:  1  J-2  engine;  Payloads: 
175  tons  in  345  mile  orbit;  75  tons  to  escape; 
50  tons  planetary  probe  (liquid) 

R&D  on  1.5  million  lb.  F-l  engines;  vehicle 
contracts  expected  to  be  awarded  this  year; 
F- 1  test-fired  1 9  times  at  more  than  1 
million  lbs.  thrust;  alternative  to  advanced 
SATURN  (Rendezvous)  and  ROVER  nuclear 
rocket 

★NOVA  (Air 
Force-NASA) 

No  contractor  announced Clustered  12  million  -  20-million-lb.  booster; 
possible  alternative  to  NOVA-L  (solid) 

R&D;  prelimary  development  contracts 
expected  to  be  let  in  1962 

ORION  (Air 
Force) 

General  Atomic Space  booster  launched  by  series  of  atomic 
explosions 

Advanced  engineering  studies  under  way; 
tests  may  be  attempted  with  resumption  of nuclear  testing 

PHOENIX  (Air 
Force) 

No  contracts  announced Recoverable  booster  -possibly  a  modified F-l 
Studies 

★ROVER  (NASA, 
AEC) Aerojet,  NERVA  prime,  Westinghouse,  pro- 

pulsion 
First  nuclear  rocket:  KIWI  non-flying  test 
engines  and  NERVA  flight  engines 

First  NERVA  test  flight  expected  1966-67 

★SATURN  C-1 
(NASA) 

Marshall  Center,  S- 1  stage,  Chrysler  Corp.; 
S-IV,  Douglas 

2-stage  vehicle  for  early  orbital  tests  of 
APOLLO  and  various  space  programs;  1st 
stage:  LOX/RP;  2nd  stage:  LOX/H,;  20,000 
lbs  into  345  miles  earth  orbit 

* 

First  C-1  launching  Oct.  27  from  Cape, 
successful;  booster  with  inert  upper  stages 
flew  214.7  miles,  (84.8  m.  apogee);  second 
R&D  launching  scheduled  in  April  or  May; 
first  flight  with  live  upper  stages  1963; 
second  stage  to  be  launched  in  1963 

SCOUT  (NASA) Chance      Vought      prime,-  Minneapolis- 
Honeywell,  guidance;  Aerojet-General/Her- 
cules/Thiokol/ABL,  propulsion 

Solid  four-stage  satellite  launcher;  150 
lb.  payload  in  345  m.  orbit 

SCOUT  flights  in  '61  completed  R&D;  Navy 
proposing  SEASCOUT  for  seaborne  surface 
launch,  would  be  based  on  POLARIS  and 
SCOUT 

★SPAROAIX 
(Navy) 

Naval  Missile  Center,  prime Air  launched,  2  stage  booster;  solid;  12  ft. 
long;  35  lb.  payload;  launched  from  F4D; SPARROW  motors  used 

Ten  launches  planned ;  first  in  successful 

July  '62 THOR-ABLE- 
STAR  (Air 
Force-NASA) 

STL,    prime;    Rocketdyne  Aerojet- General/ 
ABL,  propulsion 

Three -stage  vehicle,  orbital  capability  800 
lbs.  Upper  stage  has  restart  engines 

THOR-ABLE  phased  out.  Used  in  TRANSIT 
and  COURIER 



Satellites  in  Orbit 

★EXPLORER  1  (30.8  lbs.)  U.S.  Launched  1/31/58,  est.  life  7-10  years. 
Orbits  earth;  perigee  219  m.,  apogee  1082  m.,  period  106.0  min.  (Dis- 

covered Van  Allen  Belt);  not  transmitting. 
★VANGUARD  I  (3.25  lbs.)  U.S.  Launched  3/17/58,  est.  life  200  1000 
years.  Orbits  earth;  perigee  41  2,  apogee  2443,  period  1  33.9;  transmuting. 
LUNIK  I  "MECHTA"  (3245  lbs.)  Russia.  Launched  1/2/59.  Believed  to 
be  in  orbit  around  sun  on  15- mo.  cycle;  not  transmitting. 
★VANGUARD  11  (20.7  lbs.)  U.S.  Launched  2/17/59,  est.  life  100-250 
years.  Orbits  earth  but  is  "wobbling";  perigee  306,  apogee  2083,  period 
125.3;  inclination    to   equator   32. 87^;   not  transmitting. 
PIONEER  IV  (13.4  lbs.  U.S.  Launched  3/3/59.  Orbits  sun,  and  achieved 
primary  mission — earth -moon   trajectory;  not  transm  itting. 
★VANGUARD  III  (about  100  lbs.)  U.S.  Launched  9/18y59,  est.  lire 
50-150  years.  Orbits  earth;  perigee  320,  apogee  2314,  period  129.8; 
not  transmitting. 
★EXPLORER  VII  (91.5  lbs.)  U.S.  Launched  10/13/59,  est.  life  30-40 
years.  Orbits  earth;  perigee  344,  apogee  669,  period  101.1;  not 
transmitting. 
PIONEER  V  (94.8  lbs.)  U.S.  Launched  3/11/60,  est.  life  forever.  Orbits 
sun,  interplanetary  environment  probe;  completed  one  full  orbit  1/16/61; 
aphelion  .9951   au,  perihelion  .8061   au,  not  transmitting. 
★TIROS  I  (270  lbs.)  U.S.  Launched  4/1/60,  est.  life  50-150  years.  Orbits 
earth;  picture-taking  wealher  satellite;  perigee  432,  apogee  464,  period 
99.1 ;  transmitting. 
★TRANSIT  IB  (265  lbs.)  U.S.  Launched  4/13/60,  est.  life  6  years.  Orbits 
earth;  perigee  221,  apogee  408,  period  94.7.  First  R&D  navigation 
satellite.  Not  transmitting. 
★SPUTNIK  IV  (10,008  lbs.)  Russia.  Launched  5/15/60,  est.  life  2-3 
years.  Orbits  earth;  initial  perigee  188,  opogee  229 — changed  to 
191/429  on  5/19/60;  last  reported — perigee  160,  apogee  263,  period 
91 .4.  Test  of  support  systems,  cabin,  for  manned  space  flight;  a f tempt 
to  return  from  orbit  failed;  payload,  ca=e  and  two  pieces  now  in  orbit. 
Not  transmitting. 
★MIDAS  II  (5000  lbs.)  U.S.  Launched  5/24/60,  est.  life  8-15  years. 
Orbits  earth;  perigee  297,  apogee  312,  period  94.2.  Telemetry  for  IR 
scanning   failed   two   days   after  launch.   Not  transmitting. 
TRANSIT  II-A  (223  lbs.)  U.S.  Launched  6/22/60,  est.  life  50-200  years. 
Orbits  earth,  perigee  389,  apogee  649,  period  101.6.  Transmitting. 
★NRL  SOLAR  RADIATION  SATELLITE  1  (40  lbs.)  U.S.  Launched  6/22/60 
with  TRANSIT  ll-A,  est.  life  50-200  years.  Orbits  earth;  perigee  382, 
apogee  655,  period  101.6.  Not  transmitting. 
★ECHO  I  (132  lbs.)  U.S.  Launched  8/12/60,  est.  Ii,!e  2-16  years.  Orbits 
earth;  perigee  689,  apogee  1193,  period  116.2.  First  successful  orbiting 
of  passive  communication  satellite. 
★COURIER  IB  (500  lbs.)  U.S.  Launched  10/40/60,  est.  life  200-500  years. 
Orbits  earth;  perigee  590,  apogee  765,  period  106.9.  First  succe;sful 
launching  of  delayed  active  repeater  satellite.  Transmitting. 
EXPLORER  VIII  (90  lbs.)  U.S.  Launched  11/3/60  by  JUNO  11,  est.  life 
20-50  years.  Orbits  earth,  perigee  258,  apogee  1410,  period  112.4. 
Provides  ionospheric  measurements  for  communications.  Not  tran:mit!ing. 
★TIROS  II  (280  lbs.)  U.S.  Launched  11/23/60,  est.  Ii;e  200-500  years. 
Orbits  earth;  perigee  385,  apogee  454,  period  98.2.  Not  tran;mitiing. 
SAMOS  II  {4100  lbs.)  U.S.  Launched  1/31/61.  Orbits  earth;  perigee 
295,  apogee  339,  period  94.9.   First  R&D  reconnaissance  satellite. 
VENUS  PROBE  (1419  lbs.)  Russia.  Launched  2/12/61,  aphelion  1.0190 
au,  perihelion  0.7183  au. 

★EXPLORER  IX  (15  lbs.)  U.S.  Launched  2/16/61.  Orbits  earth;  perigee 
466,  apogee  1522,  period  118.1.  A  12ft.  "polka  dot"  balloon. 
★  DISCOVERER  XX  (2450  lbs.)  U.S.  Launched  2/17/61.  Orbits  earth; 
perigee  165,  apogee  333,  period  92.6.  No  attempt  to  recover  300-lb. 
capsule  because  of  malfunction. 
★DISCOVERER  XXI  (2100  lbs.)  U.S.  Launched  2/18/61.  Orbits  earth; 
perigee  133,  apogee  343,  period  92.3.  Carried  IR  equipment  for  MIDAS 
program  to  measure  background  radiation  from  earth. 
EXPLORER  X  (78  lb;.)  U.S.  Launched  3/25/61.  Last  known  position; 
perigee  110,  apogee  112,500,  period  50.12.  Optical  pumping  magne- 

tometer. Position  uncertain. 
★  DISCOVERER  XXIII  (2100  lb:.)  U.S.  Launched  4/8/61.  Orbits  ear;h; 
perigee  164,  apogee  254,  period  91.3.  Capsule  ejected  in  wrong  direc- 

tion,  sending   it   further   into   space.   Not  transmitting. 
★EXPLORER  XI  (82  lbs.)  U.S.  Launched  4/27/61.  Orbits  earth,  perigee 
303,  apogee  1  1 09,  period  1 07.8.  Measures  gamma  rays  from  the  stars 
absorbed  in  earth's  atmosphere. 
★TRANSIT  IVA  (IVA,  175  lbs.,  GRUB  111,  55  lbs.;  INJUN,  <0  lb;.)  U.S. 
Launched  6/29/61.  Orbits  earth;  TRANSIT — perigee  550,  apogee  618, 
period  103.8.  GREB-INJUN — perigee  549,  apogee  619,  period  103.8. 
Transmitting.  GREB  III  and  INJUN  failed  to  separate  after  three-in-one 
launch. 

TIROS  III  (285  lbs.)  U.S.  Launched  7/12/61.  Orbits  earth;  perigee  457, 
apogee  510,  period   1 00.3.  Transmitting   cloud   cover  weather  pictures. 
★MIDAS  III  (3500  lbs.)  U.S.  Launched  7/12/61.  Orbits  earth,  perigee 
2078,  apogee  2203,  period  161.5.  IR  early  warning  satellite. 
★EXPLORER  XII  (83  lbs.)  U.S.  Launched  8/16/61.  Orbits  earth,  perigee 
<81,  apogee  47,615,  period  1586.8.  Study  Van  Allen  belts  and  energetic 
particles  in  space. 
MIDAS  IV  (3500  lbs.)  U.S.  Launched  10/21/61.  Orbits  earth;  approxi- 

mately 2100  circular;  period  172.  IR  scanning  early-warning  satellite. Transmitting. 

★DISCOVERER  XXXIV  (2100  lbs.)  U.S.  Launched  11/5/61.  O.  bits 
earth;  perigee,  1 55;  apogee,  548.  Malfunction  in  orbit  forced  aban- 

donment of  usual  attempt  to  recover  capsule. 
★  TRANSIT  IVB  (200  lbs.)  U.S.  Launched  11/15/61.  Orbits  earth; 
perigee,  592;  apogee,  689;  period,  105.6.  Carried  TRAAC  piggy  back. 
Satellite  is  an  oeprational  prototype  of  the  Navy's  navigational  satel- lite. Transmitting. 

★TRAAC  (200  lbs.)  U.S.  Launched  11/15/61  piggy-back  on  TRANSIT 
IVB.  Orbits  earth;  perigee,  592;  apogee,  690;  period,  105.6.  Designed 
to  test  new  system  of  stabilization  based  on  the  earih's  gravitational field.  Also  designed  to  supply  data  on  the  Van  Allen  belt.  Stabilization test  still  in  doubt. 
★DISCOVERER  XXXVI  (2100  lbs.)  U.S.  Launched  12/12/61.  Orbits 
earth;  perigee,  137;  apogee,  224;  period,  90.4.  Capsule  ejected  from 
orbit  and  recovered  from  the  ocea n  after  o  record  of  nearly  four 
days  in  orbit. 
★RANGER  III  (727  lbs.)  U.5.  Lcunchod  1/26/62.  Orbits  sun;  lunar 
impact  probe;  aphelion  1.163  au,  perihelion,  0.9839  au.  Not  transmitting. 
★TIROS  IV  (285  lbs.)  U.S.  Launched  2/8/62.  Orbits  earlh;  apogee  521 
mi.,  perigee  442  mi.;  period  100.3;  wea  her  satellite  transmitting  cloud 
cover  pictures  and  IR  heat  balance  dala. 
★UNDISCLOSED  SATELLITE  (?  lbs.)  U.S.  Launched  2/21/62.  AF  satellite, 
probably  a  DISCOVERER,  launched  from  Vandenburg  AFB.  No  orbital 
data  revealed. 

(Orbital  data  is  latest  official  information  as  of  1200  Z,  February  133  1962) 

ORDER  REPRINTS  OF  THE  ASTROLOG  FROM: 

Research  Department 
Missiles  and  Rockets 

1001  Vermont  Avenue,  N.W. 
Washington  5,  D.  C. 

Price:  25  cents  per  copy.  Payment  must  accompany  order. 
The  M/R  Astrolog  is  a  feature  of  American  Aviation  Publications,  Inc. 



FMC 

TRACKED 

MOBILITY 

FOR  THE 

PERSHING 

Firepower  plus  mobility  .  .  .  that's  the 
Army's  new  Pershing  missile  system 
.  .  .  Firepower  supplied  by  The  Martin 

Company's  2-stage  ballistic  missile  .  .  . 
Ground  mobility  provided  by  fully- 
tracked  XM474  vehicles  designed  and 
built  by  FMC. 

The  XM474  vehicles  carry  all  ele- 
ments of  the  Pershing  system  —  the 

missile,  the  erector -launcher,  commu- 
nications and  fire  control  equipment, 

nose  cone  unit  and  power  supply. 

Proven,  military-standardized  power 
train  and  suspension  components,  com- 

mon to  the  Army's  Ml  13  APC  are 
used  for  low  cost,  low  maintenance, 
and  high  reliability. 

Let  FMC  apply  its  many  years'  ex- 
perience to  your  mobility  problems. 



MEN  OF  ACTION 

BASE  ACTIVATION 

ENGINEERS 

The  engineer  who  thrives  on  action 

as  well  as  technical  challenge  will 

find  both  in  a  base-activation 

assignment  with  General  Dynamics| 

Astronautics. 

Our  task  is  immense.  For  the  Air 

Force,  we're  charged  with  readying 
Atlas  ICBM  bases  throughout  the 

country.  The  demand  for  technical 

excellence  on  such  a  scale  is  un- 

precedented, and  the  time  schedule 

is  tight. 

As  a  base-activation  engineer,  you 

will  have  every  opportunity  to  apply 

all  your  technical  ability  and  judg- 

ment, and  to  assume  a  high  degree 

of  responsibility.  And  there  is  the 

added  satisfaction  of  contributing  to 

a  program  that  is  the  free  world's 
greatest  deterrent  to  aggression. 

You'll  find  details  on  the  next  page. 
Read  them,  then  communicate  your 

interest  by  mailing  the  attached 
Professional  Placement  Inquiry.  Or 

write  to  Mr.  R.  M.  Smith,  Manager 

of  Industrial  Relations  Administra- 

tion-Engineering, Dept.  130-90, 
General  Dynamics  \  Astronautics, 

5732  Kearny  Villa  Rd.,  San  Diego 

12,  California. 

Gil  HID 

ASTRONAUTICS 



ENGINEERS  FOR  BASE  ACTIVATION 

Atlas  ICBM  operational  bases  and  field 
test  sites  are  shown  in  the  map  on  the 
right.  Operational  bases  are  Fairchild 
AFB,  Spokane,  Washington;  Warren 
AFB,  Cheyenne,  Wyoming;  Offutt  AFB, 
Omaha,  Nebraska;  Lincoln  AFB,  Lincoln, 
Nebraska;  Plattsburgh  AFB,  Plattsburgh, 
New  York;  Schilling  AFB,  Salina,  Kan- 

sas; Forbes  AFB,  Topeka,  Kansas; 
Dyess  AFB,  Abilene,  Texas;  Altus  AFB, 
Altus,  Oklahoma;  Walker  AFB,  Roswell, 
New  Mexico.  Test  operations  are  con- 

ducted at  Pacific  Missile  Range,  Santa 
Maria,  California;  Edwards  Rocket  Site, 
Boron, California;  Sycamore  Canyon, 
San  Diego,  California;  Atlantic  Missile 
Range,  Cape  Canaveral,  Florida. 
Immediate  openings  exist  for  assign- 

ments at  Lincoln,  Nebraska;  Altus,  Okla- 
homa; Abilene,  Texas;  Roswell,  New 

Mexico  and  Plattsburgh,  New  York. 

Base  Activation  Engineers: 
Design  or  liaison  engineers  with  BS  in  ME 
or  EE  and  experience  in  electrical  or  mechan- 

ical systems  required;  to  be  assigned  to  liai- 
son work  at  missile  launching  complexes, 

or  design  support  work  on  launch  control 
equipment,  propulsion  systems,  automatic 
programming  and  missile  checkout  equip- 

ment operations. 
Field  Service  Engineers: 
Engineering  degree  and  field  service  experi- 

ence desired;  to  be  assigned  as  specialists 
capable  of  representing  the  company  to  the 
Air  Force  in  technical  aspects  of  the  Atlas 
ICBM. 

Electrical/Electronic  Engineers: 
Graduate  engineers  with  field  experience  in 
launch  controls,  logic  control  systems,  auto- 

matic checkout  equipment,  guidance  and 
flight  control,  facility  electrical  power,  elec- 

tronic systems,  R.  F.  systems,  telemetering, 
landlines,  or  autopilots. 

Reliability  Field  Engineers: 
BSEE,  AE  or  ME  with  strong  hardware  or  de- 

sign background;  to  be  given  assignments 

with  duties  which  will  involve  failure  invest- 
igation and  analysis  on  the  Atlas  missile  and 

support  equipment  at  field  locations.  Train- 
ing will  be  in  San  Diego  with  subsequent 

assignments  at  operational  bases. 
Field  Test  Engineering: 

BSEE,  AE,  or  ME,  with  field  test  or  design 
experience  in  the  following: 

Electrical  &  Electronic  Systems 

Launch  controls,  logic  control  systems,  com- 
munications systems,  automatic  checkout 

equipment,  guidance  &  flight  control,  facility 
electrical  power,  and  electronic  systems. 

Mechanical  Systems 

Fluid  transfer,  propulsion,  fluid  &  gas  dynam- 
ics, air  temperature  control,  and  missile  lift. 

Technical  Writers: 

Some  college  and/or  formal  technical 
training  and  experience  in  technical  publica- 

tions required;  to  be  given  assignments 

involving  technical  reports,  technical  man- 
uals, manual  sub  -  contractor  control, 

manual  change  control,  technical  manual 
verification  or  proposal  writing. 

For  a  prompt  reply  and  persona/  interview  in  your  area,  complete  and  mail  the  attached  Professional  Placement  Inquiry  today  If  it  has  been  removed,  write  to  Mr  R  M 
Smith,  Manager  of  Industrial  Relations  Administration-Engineering,  Dept.  130-90.  General  Dynamics   Astronautics.  5732  Kearny  Villa  Road,  San  Diego  12.  California. 

BONUS  ALLOWANCES  ARE  PROVIDED  MEN  ASSIGNED  TO  FIELD  OPERATIONS 
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Technical  Countdown 

ASTRONAUTICS 

Transit  ll-A  Still  Giving  Data 

After  more  than  a  year  and  a  half  in  orbit,  the  Navy's 
Transit  HA  navigational  satellite  is  still  providing  valuable 
data  to  scientists  of  the  Applied  Physics  Lab  of  Johns  Hop- 

kins University.  Originally  launched  to  study  the  feasibility 
of  a  navigational  satellite,  Transit  HA  is  now  enabling  ob- 

servers to  study  long-term  drag  effects  on  satellites  in  high 
orbits.  In  addition,  the  satellite  has  proved  the  reliability  of 
its  still-operational  internal  components  and  solar  cells. 

Does  Weather  Vary  with  Sun's  Eruptions? 
Solar  storms,  consisting  primarily  of  high-energy  protons, 

may  augment  the  energy  normally  received  in  the  Earth's 
atmosphere  from  the  Sun  by  up  to  10%  in  the  auroral  lati- 

tudes. If  it  can  be  established  that  these  energy  variations 
influence  the  lower  atmosphere,  says  Weather  Bureau  direc- 

tor Dr.  Harry  Wexler,  meteorologists  may  have  a  new  key 
to  weather  forecasting.  The  mechanism  of  such  solar  dis- 

turbances is  being  studied  in  a  small  way  with  the  Tiros 
weather  satellite,  but  to  make  use  of  the  phenomenon  as  a 
forecast  tool,  Wexler  says,  there  must  be  sufficient  lag  be- 

tween solar  cause  and  atmospheric  effect.  Nimbus  and  later- 
generation  satellites  will  be  needed  to  obtain  more  mean- 

ingful data. 

OPTICS 

New  Definition  for  Thin  Film 

To  cram  the  largest  amount  of  photographic  film  possi- 
ble in  the  smallest  practicable  reel,  one  camera  recording 

Astronaut  Glenn's  recent  orbital  flight  used  a  new  thin-base 
film  developed  by  Eastman  Kodak.  Over  590  ft.  of  the 
sensitive  hi-speed  color  film  were  loaded  on  a  standard 
400-ft.  spool.  Called  Ektachrome  ER,  the  16-mm  film  has 
a  0.0025-in.  Estar  base.  ASA  exposure  index  is  160. 

C-W  Laser  Club  Grows 

Minneapolis-Honeywell  is  the  most  recent  firm  to  achieve 
continuous-wave  operation  with  an  optical  maser.  Only  the 
fourth  to  accomplish  the  feat,  M-H  claims  its  laser  has  a 
very  high  degree  of  mechanical  stability  and  is  the  first  to 
employ  interlocking  micrometers  for  precise  alignment. 
Laser  action  is  confined  to  better  than  1.5  seconds  of  mirror 
alignment.  Stability  reportedly  exceeds  1  sec. /hour  without 
special  thermal  control  or  shielding.  A  helium-neon  mixture 
is  used  to  produce  the  continuous  output  beam. 

ELECTRONICS 

Might  be  a  Guidance  Record 

General  Electric's  Atlas  radio-command  guidance  crew 
at  Cape  Canaveral  may  be  establishing  a  record  for  missile 
launch  operations.  The  recent  Friendship  7  flight  was  the 
122nd  launch  the  group  has  participated  in.  Also,  Defense 
Systems  Department  of  GE  reports  that  the  command  guid- 

ance system  has  been  operated  for  over  8000  hours.  Opera- 
tional reliability  claimed  is  98%. 
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Telstar  European  Program  Advances 

The  British  will  employ  a  three-hop  microwave  link 
between  their  Plymouth  terminal  and  Goonhilly  Downs, 
Cornwall,  in  TV  transmission  experiments  for  the  Bell  Tele- 

phone Laboratories'  Telstar  project  (M/R,  Feb.  26,  p.  9). 
An  85-ft.  dish  now  under  construction  at  Goonhilly  will  be 
used  to  communicate  via  the  Telstar  communications  relay 
satellite  to  the  U.S.  terminal  at  Andover,  Maine.  Telstar  is 
scheduled  for  launch  about  May  22.  West  Germany  will 
participate  in  the  program  with  its  new-ground  station  to  be 
built  near  Reisting,  Upper  Bavaria. 

AF  Accepts  Minuteman  Guidance 

After  just  over  a  month's  acceptance  tests  at  the  Air 
Force's  Holloman  Test  Center,  first  production  models  of 
the  Minuteman  inertial  guidance  system  have  been  okayed. 
Built  by  Autonetics  Division  of  North  American  Aviation, 
Inc.,  the  NS-10P  entered  testing  in  mid-December. 

PROPULSION 

Space  Committee  Hears  Hercules 

The  pie-wedge  segmented  approach  to  big  solids  was 
presented  to  House  Space  Committee  members  by  its  in- 

ventor, Hercules  Powder  Co.,  in  a  special  briefing  arranged 
by  Rep.  David  S.  King,  a  committee  member.  The  process 
(M/R,  Oct.  6,  1961,  p.  14)  involves  stacking  these  wedges 
while  simultaneously  filament-winding  the  case.  Hercules  is 
currently  planning  a  20-ft.-dia.,  120-ft.-high  solid  booster 
weighing  3  million  lbs.  and  generating  6  million  lbs.  of  thrust. 
Preliminary  studies  have  also  been  made  of  a  38-ft.-dia. 
booster  capable  of  handling  the  initial  thrust  requirements 
for  the  complete  Apollo  mission. 

Tape  Control  Tools  in  Polaris  Program 

Lockheed  Missiles  and  Space  Co.  is  using  a  number  of 
numerically  controlled  machine  tools  in  the  production  of 
Polaris  missiles.  The  machines  include  a  turret-type  drill,  an 
automatic  multiple  tool  changer  and  a  profiler-type  milling 
machine.  These  machines  were  introduced  as  the  Polaris  A-l 
reached  its  operational  date. 

ADVANCED  MATERIALS 

Halogen  Sensitive  Leak  Detector  Perfected 

Designed  for  use  in  halogen-contaminated  atmospheres, 
a  new  leak  detector  has  been  developed  by  GE  specialists. 
The  unit  can  be  used  to  test  pressurized  enclosures  by 
manually  probing  seams,  joints  and  welds.  The  effects  of 
contamination  are  neutralized  through  a  proportioning  valve 
in  the  probe. 

Titan  Silo  Doors  Tested 

The  air-tight  doors  covering  the  first  Titan  silos  at  Van- 
denberg  AFB  were  opened  in  15  seconds  by  the  hydraulic 
mechanisms.  The  750-ton  unit  is  4  ft..  6  in.  at  its  thickest 
point  and  tapers  to  1-in.  thickness  on  each  side  of  its  60-ft. 
width.  The  steel  frame  weighs  over  600  tons,  with  150  tons 
of  concrete  added  at  the  installation  site  to  complete  the  unit. 

35 



propulsion  engineering 

Solids  Processing  To  Be  Automated 

Materials  handling  system  being  adapted  by 

Thiokol  expected  to  cut  big  booster  production  costs 
by  John  F.  Judge 

AN  AUTOMATED  batch  mixing 
process,  said  to  provide  a  cheaper  and 
faster  production  route  to  multimillion- 
pound  solid  boosters,  is  being  installed 
at  the  Wasatch  Division  of  Thiokol 
Chemical  Corp. 

It  will  speed  production  while 
matching  the  reliability  and  quality  as- 

surance of  current  production  motors. 
The  automated  batch  mixing  (ABM) 

process  substitutes  electronic  controls 
for  operations  previously  performed 

manually,  thereby  providing  "input" 
quality  control  throughout  the  manufac- 

turing process  as  an  absolute  function. 
Thiokol  has  spent  about  $350,000 

on  the  first  of  these  processes.  The  firm 
has  proposed  an  additional  number  of 
ABM  systems  to  the  Air  Force.  This 
has  been  accepted,  and  the  construction 
of  these  units  will  start  in  the  near 
future. 

The  ABM  process  also  eliminates  a 
significant  number  of  handling  opera- 

tions, leading  to  greater  utilization  of 
existing  mixers  on  a  day-to-day  basis — 
a  more  than  25%  increase  in  capacity. 

Electronic  metering  and  reduced 
materials  handling  also  cut  waste.  The 
cost  savings  from  these  advantages  will, 
Thiokol  spokesmen  say,  pay  for  the 
equipment  within  three  operating  years. 

Flexibility  is  inherent  to  the  ABM 
process.  Its  "brain"  is  a  control  board 
that  permits  changing  the  weights  and 
ratios  of  input  materials  to  produce 
several  propellant  formulations,  and  to 
effect  minor  adjustments  between  these 
parameters  to  compensate  for  variations 
between  raw  materials  lots. 

The  system  uses  only  static  switch- 
ing, giving  it  both  the  ruggedness  desir- 
able in  a  portable  concept  and  a  long 

service  life. 

The  process'  flexibility  indicates  an 
immediate  application  to  the  production 
of  very  large  segmented  or  monolithic 
motors  where  the  use  of  more  than  one 
production  lot  of  raw  materials  is 
mandatory. 

•  Mobility  potential  —  The  current 
fixed-base  process  is  constructed  of 
proven  components — paving  the  way 
for  a  mobile  system.  This  could  easily 
be  built,  since  the  components  are  light 
and  rugged. 

The  ABM  process  is  essentially  an 
electronically  controlled  materials  han- 

dling system.  The  only  development  in- 
volved in  a  near-site  or  marine  rocket- 

loading  facility  would  be  the  adaptation 
of  mixing  equipment  to  the  required 
environment. 

The  first  ABM  system  is  being  built 
by  the  Toledo  Scale  Corp.,  and  will  be 
trucked  from  Toledo,  Ohio,  to  Thiokol's Wasatch  facility  in  Utah. 

The  process,  although  similar  in 
concept  to  units  currently  used  in  the 
plate  glass  industry,  required  extremely 
close  cooperation  between  Thiokol  and 
Toledo  to  adapt  the  equipment  to  the 
needs  of  the  solid-propellant  industry. 
Toledo  experts  needed  accurate  propel- 

lant composition  data  and  processing 
information  to  establish  the  design  of 
feeders  and  the  program  boards. 

The  ingredients  of  Thiokol's  solid 
propellant  are  oxidizer,  aluminum  pow- 

der, polymer  and  a  curing  agent.  This 
simplicity  of  composition  easily  lends 
itself  to  the  application  of  automated 
proportioning  and  materials  handling. 

PREMIX  ingredient 

handling  facility  de- livers aluminum 
from  the  tilted  can 
and  polymer  through 
insulated  pipe  at  left. 
Heated  premix  can 
sits  on  scale  in  the 
foreground.  Delivery 
methods  and  cut-off 
valves  were  devel- 

oped by  Toledo. 
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The  primary  considerations  that  in- 
fluence the  acceptability  of  a  solid  pro- 

pellant  formulation  are  its  physical 
characteristics  and  its  burning  rate. 

Assuming  the  acceptability  of  raw 
materials,  the  propellant's  physical  char- acteristics are  a  function  of  the  accurate 
proportioning  of  its  polymer  and  curing 
agent.  Burning  rate  is  controlled  by  the 
particle  size  of  the  oxidizer  and  the 
ratio  of  oxidizer  to  other  propellant 
ingredients. 

The  first  step  in  the  production  of 
solid  propellant  is  the  preparation  of  the 
oxidizer — the  preparation  and  blending 
of  various  sized  particles  to  obtain  the 
required  mixture  for  the  predetermined 
burning  rate.  Simultaneously,  aluminum 
powder  and  polymer  must  be  blended 
as  a  premix. 

These  two  ingredients,  oxidizer  and 
premix,  must  then  be  proportioned  to  an 
exact  formulation,  mixed,  and  blended 
with  the  correct  proportioning  of  cur- 

ing agent. 
The  Thiokol/ Toledo  ABM  process 

deals  with  the  premix  and  final  mix 
operations.  The  automated  oxidizer 
preparation  system  at  Thiokol's  Wasatch 
division  was  also  instrumented  by  To- 

ledo Scale. 

•  Diet  by  the  numbers — The  ABM 
process  is  essentially  a  digitalized  weight 
control  system  that  permits  the  accurate 
proportioning  of  ingredients  by  controll- 

ing the  input  weight  of  each  ingredient 
to  a  fraction  of  a  pound  within  thou- 

sand-pound loads.  Its  control  includes  a 
main  display  panel  for  the  premix  in- 

stallation, another  for  each  mixing  fa- 
cility, and  a  remote  display  console 

monitoring  several  mix  facilities. 
In  applying  the  ABM  process  to  a 

propellant  production,  a  number  of  pro- 
cedures were  evolved  to  guarantee  ab- 

solute control.  Many  of  these  also 
provide  positive  safety  functions. 

The  system  uses  sealed  cans  or 
"totes"'  to  move  blended  materials  from 
one  station  to  another.  This  eliminates 
any  chance  for  contamination,  and  thus 
increases  the  safety  factor. 

Each  mixing  and  premix  display 
panel  has  a  locked  program  board 
mounted  in  its  front.  This  board  con- 

tains both  the  exact  weight  information 
for  each  ingredient  and  the  allowable 
tolerance  of  each  ingredient  for  a  spe- 

cific formulation.  Because  of  the  ac- 
curacy of  the  Toledo-developed  meter- 

ing, feed,  and  readout  devices,  these 
tolerances  are  considerably  more  nar- 

row than  current  production  tolerances. 
The  formulation  and  tolerance  lim- 
its are  programed  in  the  control  board 

by  production  control  personnel.  Opera- 
tors of  the  control/ display  consoles  can- 
not tamper  with  the  control  board  once 

it  is  locked  into  place. 
Operators  are  prevented  from  over- 

riding the  control  board  by  a  series  of 
key-actuated  locks — somewhat  similar 
to  the  well-known  system  in  the  family 
car — with  all  the  keys  held  by  su- 

pervisory personnel.  This  interlocking 
"key  control"  concept  for  safety  and 
quality  assurance  extends  throughout 
the  ABM  system. 

For  example,  the  key  that  unlocks 
the  mix  control  board  also  unlocks  the 
door  to  the  mixer  building.  Both  locks 
can  activate  a  klaxon  horn  to  warn  per- 

sonnel of  deviations  in  procedure. 
Electronic  typewriters,  connected  to 

each  premix  control  panel  and  to  the 
monitoring  display  in  the  mix  facility, 
add  to  the  quality  assurance  features  of 
the  ABM  process.  Each  typewriter  pre- 

pares an  automatic  record  of  operations 
performed  through  the  panel. 

Typewritten  logs  accompany  each 
sealed  material  container  from  station 
to  station — another  cross-check  aimed 
at  eliminating  human  error. 

The  interaction  of  the  "key  lock" control  and  the  typewriter  log  can  be 
seen  by  tracing  the  normal  premix  cycle. 

A  tote  containing  approved  alum- 
inum powder  is  positioned  above  the 

feed  mechanism  in  the  premix  facility. 
A  premix  can  is  placed  beneath  the  dis- 

charge point  of  the  installation.  A  hose, 
water-jacketed  to  pre-heat  incoming 
polymer,  is  then  attached  to  this  can. 

Polymer  for  the  premix  installation 
is  pumped  from  a  tank  farm — a  further 
reduction  in  materials  handling. 

•  Human-engineered  displays — 
When  the  display  board  shows  all  green 
(each  function  on  the  board  is  moni- 

tored on  a  go.  no-go  basis),  the  operator 

LEFT:  Control  board  for  premix  operation  shows  the  three 
"ignition  locks."  Large  dial  scale  gives  the  increase  in  weight  of 
the  premix  can  as  ingredients  are  delivered.  Human-engineered 
display  board  has  schematic  of  the  premix  facility  with  valves 
and  position  indicators  in  lights. 



LOSS-WEIGHT  MIX  FACILITY  has  all  three  ingredient  inputs  in  position.  Oxidizer 
tote  is  in  tilt  position  on  load  cells;  premix  can  (foreground)  also  rests  on  load  cells. 
Curing  agent  handling  mechanism  is  behind  premix  can.  Propellant  mixing  can  is 
simulated  beneath  the  installation.  Load  cells  are  visible  on  oxidizer  elevator.  All  systems 
were  photographed  at  Toledo  Scale. 

ABOVE:  Mix  control  board  is  similar  to 
premix  board.  Programed  function  is 
locked  in  lower  center  panel.  Typewriter 
logs  are  stationed  at  a  master  console 
which  handles  several  of  these  large  boards. 
Key  lock  functions  are  also  located  at  the 
master  control  console. 

LEFT:  Analog-to-digital  scanner  is  a 
Toledo  Scale  development.  Unit  has  been 
in  existence  for  six  years  and  was  adapted 
to  ABM  system.  This  particular  unit  is 
mounted  on  the  premix  board.  Actual  con- 

version takes  place  close  to  premix  facility 
itself,  to  avoid  having  to  transmit  analog 
signals  any  great  distance. 

starts  the  cycle  and  immediately,  the 
batch  number,  formula  number,  poly- 

mer tank  number,  date,  time,  and  re- 
quired weight  for  the  initial  input  are 

typed  on  the  log.  The  aluminum  powder 
is  then  metered  into  the  previously  tared 

premix  can. 
The  premix  can  is  charged  while 

resting  on  load  cells.  As  these  cells  in- 
dicate that  the  weight  of  aluminum  is 

approaching  the  desired  value  less  a 
small  "minus"  tolerance,  they  activate 
a  signal  from  the  control  board  to 
switch  the  feed  mechanism  from  fast 
to  slow. 

Final  cut-off  of  the  aluminum  feed 
is  accomplished  shortly  before  the  ac- 

tual weight  requirement  is  reached,  to 
account  for  a  small  and  constant  weight 
of  material  still  falling  into  the  premix 
can. 

At  the  completion  of  the  feed  cycle, 
the  weight  of  delivered  material  is  auto- 

matically checked  against  programed 
tolerances.  If  the  delivered  weight  is 
within  tolerance,  entry  is  made  on  the 
typewriter  log  and  the  polymer  feed 
cycle  is  begun.  If  this  weight  of  mate- 

rial delivered  deviates  from  the  pro- 
gramed requirement,  the  system  indi- 

cates a  failure  and  refuses  to  switch  to 
the  next  cycle. 

Since  the  operator  cannot  override 
the  program  because  of  the  key  lock, 
he  must  get  assistance  from  the  shift 
supervisor. 

The  supervisor  must  then  check  the 
delivered  weight — shown  on  the  scale 
dial — against  a  readout  display  from  the 
control  board — shown  below  the  scale 
dial — to  determine  how  a  fix  can  be 
effected.  Total  error  tolerance  of  the 

system  is  pre-set  to  ±0.2  lb. 
Assuming  the  delivered  weight  be- 
low tolerance,  he  first  unlocks  the  sys- 

tem— permitting  the  actual  delivered 
weight  to  be  entered  in  "error  red"  on the  typewriter  log.  He  then  shifts  the 
control  board  from  automatic  to  man- 

ual, and  by  pressing  a  button  on  the  con- 
trol panel,  adds  sufficient  weight  to 

bring  the  material  delivered  within tolerance. 

Normally,  he  will  then  type  this  ad- 
dition onto  the  control  log,  sign  the 

log,  return  the  key  lock  to  the  "on" position,  and  permit  the  premix  control 
to  continue  in  its  automated  cycle — the 
addition  of  polymer. 

At  the  conclusion  of  the  premix 
cycle,  the  premix  can  is  pressure-sealed. 
The  typewritten  log  is  then  attached  to 
the  can,  and  the  can  is  transferred  to 
the  mix  facility. 

•  "Loss"  reads  positive — The  op- 
eration of  the  ABM  mix  installation  is 

similar  to  that  of  the  premix  facility. 
But  the  weight  measurements  here  are 
by  "loss-of-weight"  from  the  raw  ma- 

(Continued  on  page  46) 
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He  built  the 

strongest  roof 

in  the  world 

This  AMF  engineer  knows  what  it 
takes  to  shrug  off  megaton  forces. 
He  had  to  know  because  he  designed 
the  prototype  atomic  bomb  shelter  at 
Frenchman  Flats,  the  only  building 
that  stood  up  under  the  force  of  the 
atomic  bombs  exploded  there.  Well, 
not  altogether-a  flange  on  the  door ivas  bent. 

In  order  to  design  the  shelter,  he 
had  to  calculate  the  effect  of  the  ex- 

plosion on  materials  and  structures. 
He  had  to  know  how  the  shock  was 

transmitted  through  the  earth's crust  and  what  effect  it  would  have 
on  the  shelter— from  beneath  as  well 
as  from  above.  And,  after  the  dust 
of  calculating  had  settled,  he  had  the 
very  practical  problem  of  expressing 
the  results  in  steel  and  concrete.  He 
did  so,  successfully. 

Single  Command  Concept 

The  solution  of  this  first-time-in- 
history  problem  is  one  more  example 
of  AMF's  resourcefulness. 

AMF  people  are  organized  in  a 
single  operational  unit  offering  a 
wide  range  of  engineering  and  pro- 

duction capabilities.  Its  purpose:  to 
accept  assignments  at  any  stage 
from  concept  through  development, 
production,  and  service  training... 
and  to  complete  them  faster... in 

•  Ground  Support  Equipment 
•  Weapon  Systems 
•  Undersea  Warfare •  Radar 

•  Automatic  Handling  &  Processing 
•  Range  Instrumentation 
•  Space  Environment  Equipment 
•  Nuclear  Research  &  Development 

GOVERNMENT  PRODUCTS  GROUP, 
Fawcett  Bldg.,  Fawcett  Place, 
Greenwich,  Connecticut 

AMERICAN  MACHINE  &  FOUNDRY  COMPANY 
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THE  300-PASSENGER  Sputnik  is  claimed  able  to  travel  38  knots  in  medium  to  high  seas. 

ASW  engineering 

Russia  Speeds  Up 

Hydrofoil  Production 

by  William  Beller 

THE  SOVIET  UNION  is  moving  at 
top  speed  to  maintain  its  lead  over  the 
U.S.  in  commercial  hydrofoil  craft, 
raising  the  question  whether  Russia  is 
also  moving  as  quickly  in  developing  the 
craft  for  use  in  antisubmarine  warfare. 

Dmitry  Sasorov,  correspondent  for 
the  Russian  press  agency  Novosti,  re- 

ports that  his  country  expects  to  launch 
next  month  a  30-passenger  hydrofoil 
craft  able  to  cruise  at  55  knots.  At  the 
same  time,  a  freight-carrying  hydrofoil 
designed  to  transport  100  tons  of  cargo 
is  said  to  be  emerging  from  the  drawing 
boards. 

The  U.S.  Navy  hydrofoil  Halobates 
is  also  in  the  30-passenger  weight  class 
but  travels  only  up  to  35  knots.  Displac- 

ing 31,000  pounds  and  completed  in 
1957,  it  is  the  largest  hydrofoil  operated 
up  to  now  by  the  U.S. 

THE  92-PASSENGER  Mir  was  designed  to  cruise  at  40  knots. 
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THE  150-PASSENGER  Meteor  is  believed  to  be  capable  of  40  knots  fully  loaded. 

Developing  hydrofoils  able  to  travel 
at  speeds  more  than  50  knots  calls  for 
a  technology  that  is  advanced  much 
more  than  the  few  knots  of  extra  speed 
seem  to  indicate.  Reason  is  that  a  "cavi- 

tation barrier"  is  reached  when  hydro- 
foils start  passing  45  to  50  knots,  which 

is  difficult  to  overcome. 

Russia's  freight-carrying  hydrofoil  ap- 
pears comparable  to  the  Navy's  300-ton 

hydrofoil  research  ship  (AGEH)  under- 
going final  design  at  Grumman  Aircraft 

Engineering  Corp.  The  Russian  craft 
presumably  is  to  be  an  operational 
vehicle,  while  the  AGEH  will  be  used 
to  find  out  how  such  a  heavy  craft 
behaves  on  foils. 

•  Foils  on  the  Volga — For  nearly 
five  years,  Russia  has  had  a  family  of 
hydrofoils  plying  the  waters  of  the 
Volga,   Don,   Dnieper,   Irtysh,  Lena, 

Yenisei  and  other  rivers  and  lakes.  Some 
of  the  craft  are  to  reported  to  have 
sailed  on  the  open  sea. 

Sasorov  says  that  the  first  Soviet 
hydrofoil  made  its  maiden  passenger 
cruise  on  August  25,  1957.  Called  the 
"Raketa,"  the  66-passenger  vessel  at- 

tained speeds  up  to  40  knots  on  its  trip 
down  the  Volga. 

Weighing  about  28  tons,  the  Raketa 
has  a  hull  said  to  be  made  of  thin  steel 
sheets,  with  stainless-steel  foils  under 
the  bow  and  stern.  At  rest,  the  ship's 
draft  is  reported  to  be  6.25  feet;  at 
cruising  speed,  the  draft  drops  to  three 
feet.  The  hydrofoils  are  described  as 
small,  not  sticking  out  beyond  the  lateral 
line  of  the  hull. 

The  Raketa  was  powered  by  an  800- 
horsepower  diesel,  which  was  later  re- 

placed by  a  "more  economical"  1000- 

horsepower  engine,  according  to  Saso- rov. 

Double  the  weight  of  the  Raketa,  its 
successor,  the  150-passenger  Meteor, 
reportedly  was  designed  for  long-range 
cruises,  covering  the  distance  between 
Moscow  and  Gorky  three  times  faster 
than  ordinary  vessels.  (The  Meteor  is 
believed  to  be  capable  of  40  knots  fully 
loaded.)  The  Russian  correspondent 
writes  that  "Her  control  is  automatic 
and  is  performed  by  one  person  from 

the  wheelhouse." Unfortunately,  from  this  last  state- 
ment it  is  not  clear  whether  the  control 

function  is  completely  automatic.  If  it 
it  completely  automatic,  then  the  Soviet 
has  solved  a  very  difficult  engineering 
problem  and  one  that  the  U.S.  Navy  is 
currently  concerned  with. 

•  A  300-passenger  Sputnik — Last 

FIVE-YEAR-OLD  Raketa  is  Russia's  first  hydrofoil  used  for  passenger  service. 
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LEFT:  U.S.  Navy  hydrofoil  submarine-chaser,  the  PC(H), 
scheduled  for  delivery  late  this  year,  will  operate  in  bay  and 
coastal  areas  and  have  a  cruising  speed  of  more  than  40  knots. 

RIGHT:  HS  Denison,  to  be  launched  sometime  this  spring,  has 
a  top-speed  potential  of  90  knots.  Note  the  foils  about  to  be 
fitted  on  the  craft. 

year  the  Krasnoye  Sormovo  shipbuild- 
ing plant  constructed  the  Sputnik  hydro- 

foil, believed  to  weigh  107  tons,  nearly 
twice  the  weight  of  the  Meteor.  Sasorov 
writes  that  the  vessel  "carries  300  pas- 

sengers and  weighs  1/50  the  weight  of 
an  ordinary  modern  three-decker  for  the 
same  number  of  passengers." 

The  correspondent  gives  the  follow- 
ing data:  The  vessel  is  164  feet  long. 

It  is  powered  by  four  diesels  whose  out- 
put totals  3600  horsepower.  At  speed, 

the  vessel  has  a  draft  of  three  feet  which 
means  that  the  Sputnik  can  sail  in  shal- 

low waters.  "She  also  performs  well  on 

large  rivers,  developing  70  km/hr  (38 
knots)  in  waves  2.5  meters  (8.2  ft.) 

high." 

Tests  conducted  on  the  Moscow- 
Astrakham  line  have  shown  that  the 
Sputnik  is  more  economical  to  run  than 
either  the  Raketa  or  the  Meteor  and 
that  the  transportation  cost  is  1/14  that 
on  the  best  passenger  ship  in  the  Volga 
fleet,  according  to  Sasorov. 

The  Mir  was  also  turned  out  by  the 
Sormovo  plant  last  year.  Designed  to 
operate  in  choppy  water,  this  hydrofoil 
is  said  to  carry  92  passengers  and  cruise 
at  40  knots. 

(The  Mir  is  strikingly  similar  to  the 
Supramar  PT-20  hydrofoil  designed  by 
Von  Schertel  of  Lucerne,  Switzerland. 
The  Supramar  PT-20  carries  75  passen- 

gers at  38  knots,  and  the  vessel  makes 
the  Naples-Capri  run  among  several others  in  Europe.) 

By  the  end  of  1961,  Georgia  ship- 
builders had  constructed  the  Kometa. 

called  "the  first  sea-going  hydrofoil 
craft."  During  tests,  the  Sormovo-de- 
signed  vessel  is  said  to  have  traveled 
3500  statute  miles  in  70  cruising  hours. 
For  three  of  these  hours,  "she  went  at 

Navy's  Hydrofoil  Program 
Navy  interest  in  hydrofoils  predates 

World  War  I  but  little  was  done  until 
a  rough-water  capability  appeared  pos- 

sible, which  came  as  a  result  of  tech- 
nical developments  permitting  automatic 

foil-control. 
Since  1947,  the  Navy's  Bureau  of Ships  together  with  the  Office  of  Naval 

Research  and  what  was  the  Bureau  of 
Aeronautics  conducted  a  joint  program 
for  hydrofoil  research  and  development. 
In  1951,  the  pace  of  these  studies  was 
accelerated  and  also  expanded  to  in- 

clude investigations  of  structures  and 
propulsion  systems  as  well  as  the  hydro- 
dynamic  coefficients. 

Testing  of  experimental  craft  began 
in  1953.  Some  of  the  more  significant 
ones  are  listed  below  in  roughly  chron- 

ological order: 

Lantern  IHC-41.  First  Navy  hydrofoil 
test  craft.  Specifications:  length  36  ft., 
beam  22  ft.,  displacement  22,200  lb., 
and  speed  18  knots.  Operated  with  fully 
submerged  foils  and  automatic  attitude 
controls.  Developed  under  direction  of 
Dr.  Vannevar  Bush  by  Hydrofoil  Corp. 
of  Annapolis,  Md. 

XCH-4.  Built  about  the  same  time  as 

the  Lantern  by  Dynamic  Development 
Corp.,  Babylon,  N.  Y.  Specifications: 
length  54  ft.,  beam  19  ft.,  displacement 
16,500  lb.,  and  speed  75  knots.  Powered 
by  two  450-hp  aircraft  engines  with 
propellers.  Craft  had  a  seaplane-type 
hull  and  surface-piercing  V-type  ladder 

foils. High  Pockets  and  High  Tail.  Two  simi- 
lar 6000-lb.  displacement,  24-ft.  length 

vessels  built  by  Baker  Manufacturing 
Co.,  Evansville,  Wise,  the  first  with 
surface-piercing  V-foils,  the  second  with 
submerged  foils.  High  Pockets  achieved 
35  knots  but  experienced  difficulty  in 
following  seas.  High  Tail  gave  good 
all-around  performance,  achieving  30 
knots.  Indicated  greater  suitability  of 
submerged  foils  for  Navy. 

Sea  Legs.  A  modified  29-ft.  long 
Chris  Craft  cruiser  with  submerged  foils 
and  a  highly  successful  automatic  foil- 
control  system.  Attained  31  knots.  Mod- 

ified bv  Gibbs  and  Cox,  New  York, N.  Y. 

Halobates.  Tested  in  1957.  Specifica- 
tions: length  45  ft.  9  in.,  beam  12  ft., 

displacement  31,000  lb.,  and  speed  35 
knots.  Built  by  the  former  Miami  Ship- 

building Corp.,  Miami,  Fla.  The  vessel 
had  mechanical  feelers  and  retractable 
submerged  foils.  (Vessel  said  to  have 
proved  the  feasibility  of  hydrofoil  land- ing craft.) 

PCIH).  A  110-ft.  long  submarine 
chaser  for  operations  at  over  40  knots 
in  bay  and  coastal  areas.  Two  gas  tur- 

bines, each  rated  at  3100-hp,  power  the 
craft  during  operations  on  its  submerged 
foils.  Delivery  scheduled  for  late  this 
year.  Under  construction  at  J.  M.  Mar- 
tinac  Co.,  Tacoma,  Wash.,  under  sub- 

contract to  Boeing's  Aerospace  Div., 
Seattle,  Wash. 

Hydrofoil  amphibians.  Two  experi- 
mental 37-ft.  long  Marine  Corps  craft 

to  carry  cargo  shoreward  at  40  to  45 
knots,  proceed  through  surf  after  re- 

tracting foils;  then  extend  wheels,  and 
drive  inland.  Testing  two  different  foil 
systems.  One  craft  is  under  construction 
at  the  Lycoming  Div.  of  the  Avco 
Corp..  and  the  other  at  Food  Machinery 
and  Chemical  Corp.'s  Ordnance  Div. 

High-speed  hydrofoil.  A  15-ton,  100- knot  catamaran  with  a  Pratt  &  Whitney 
turbofan  engine  (static  thrust  18,000  lb.) 
for  foil  operations.  Length  52  ft.,  beam 
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JpBpHPff^B  Adjustable  Diameter  and  Open 

jSU***  THOMSON 

BALL  BUSHINGS 

Low  Cost  Series  "B"  BALL  BUSHING  Supported  Shafts 

good  speed  with  only  one  engine  work- 
ing." Two  versions  of  this  three-cabin  hy- 

drofoil are  reported  to  have  been  built: 
one  carrying  118  passengers  for  long- 

distance trips,  and  a  second  carrying 
150  passengers  on  suburban  routes. 

Intelligence  from  the  Soviet  indi- 
cates that  Russian  hydrodynamicists 

have  been  experimenting  with  advanced 
systems  such  as  supercavitating  foils  and 
gas-turbine  power  for  their  craft. 

•  Rough-water  operations — Admit- 
ting that  the  Russians  have  "a  very  good 

solution  to  their  smooth-water  prob- 
lem," a  U.S.  Navy  spokesman  maintains 

that  the  U.S.  is  ahead  on  the  sea-going 
hydrofoils.  He  explains  that  this  country 
never  had  a  pressing  need  for  fast  water 
transports.  Unlike  the  Soviet  transporta- 

tion system,  the  U.S.  roads  and  railroads 
are  capable  of  carrying  any  amount  of 
cargo  to  any  destination  in  the  country 
in  a  reasonable  time.  Therefore,  hydro- 

foils were  never  produced  here  as  a  sig- 
nificant commercial  venture. 

The  sea-going  hydrofoil  tells  a  dif- 
ferent story  because  of  its  military  value, 

according  to  Captain  R.  T.  Miller,  Bu- 
reau of  Ships  preliminary  design  branch 

head.  He  pointed  out  that  the  PC(H) 
110-ft.  submarine  chaser  will  be  able  to 
operate  in  the  relatively  rough  waters 
of  the  coastal  areas.  The  vessel  is  sched- 

uled to  be  delivered  this  fall  or  winter. 

Weighing  110  tons  "it  will,"  the  captain 
says,  "be  bigger  than  any  hydrofoil  we 
know,  and  will  have  the  most  sophisti- 

cated control  system  anybody  has  yet 
come  up  with."  8 

24  ft.  Will  test  many  subcavitating  and 
supercavitating  foils  and  foil  arrange- 

ments. Contractor,  Boeing's  Aerospace Div. 

Hydrofoil  research  ship  (AGEH).  A  300- 
ton,  219-ft.-long  by  38-ft.-beam  research 
craft.  Two  gas  turbines,  each  rated  at 
13,000  horsepower  will  drive  AGEH  at 
about  50  knots;  four  will  drive  it  at 
about  80  knots,  when  the  craft  is  out- 

fitted with  supercavitating  foils.  The 
AGEH  will  test  a  variety  of  possible 
applications  for  the  hydrofoil  concept. 
In  final  design  stages  at  Grumman  Air- 

craft Engineering  Corp.,  Bethpage,  N.Y. 
IHS  Den/son.  A  90-ton  open-ocean 

hydrofoil  being  developed  by  Grum- 
man for  the  Maritime  Administration. 

Powered  by  an  18,000-hp  gas  turbine, 
the  craft  is  expected  to  achieve  about 
60  knots  with  her  first  set  of  foils;  and 
possibly  90  knots  with  a  set  under  devel- 

opment. After  a  scheduled  spring 
launching  and  sea  trials,  the  craft  to  be 
leased  to  Grace  Lines  and  put  into 
passenger  service  between  Port  Ever- 

glades, Fla.,  and  Bahama  Islands.  Ship 
will  carry  approximately  60  passen- 
gers.) 
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Sliding  linear  motions  are  nearly  always 
troublesome.  Thousands  of  progressive 
engineers  and  designers  have  solved  this 
problem  by  application  of  BALL  BUSH- INGS on  guide  rods,  reciprocating  shafts, 
push-pull  actions,  or  for  support  of  any 
mechanism  that  is  moved  or  shifted  in  a 

LOW  FRICTION  •  ZERO  SHAKE  OR  PLAY 
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SOLVE  SLIDING  LUBRICATION  PROBLEMS 
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electronics 

New  Battery  May  Trim  Launch  Delays 

New  York  —  Telemetry  power 
aboard  advanced  versions  of  Polaris 
will  be  supplied  by  a  new  battery  unit 
capable  of  delivering  either  full  or 
limited  outputs  for  periods  up  to  24 
hours  after  activiation. 

The  new  device  could  wipe  out 
launch  delays  due  to  battery  breakdown 
and  replacement  during  extended  or 
interrupted  countdowns. 

Reliability  tests  are  under  way  at 
Yardney  Electric  Corp..  of  New  York 
City,  developers  of  the  battery.  First 
production  units  are  also  getting  trial 
runs  at  Lockheed's  Space  and  Missiles 
Division  at  Sunnyvale,  Calif. 

The  battery  consists  of  five  basic 
units — four  24-volt  sections  each  with 
19  cells,  and  a  6.5-volt  section  of  5 
cells — and  is  capable  of  independent 
or  simultaneous  discharge. 

According  to  Yardney  officials,  the 
new  silver-zinc  battery  contains  several 

significant  design  advances  not  now 
available  in  other  primary  systems. 

Most  significant  is  the  development 
of  a  rapid  and  automatic  activation 
system  which  promises  high  reliability 
(  no  moving  parts)  and  long  on-the-shelf 
life  (estimated  at  between  five  and  six 

years). 
An  electric  charge  of  24-30  volts 

at  5  amps  is  used  to  activate  a  series 
of  gas-generating  squibs  housed  adja- 

cent to  the  electrolyte  tank.  The  re- 
sultant gas  moves  through  a  perforated 

tube  leading  to  the  electrolyte  tank. 
Pressure  of  the  gas  on  the  electrolyte 
is  transmitted  to  a  pair  of  diaphragms 
in  a  second  tube  which  leads  from  the 
electrolyte  tank  to  the  battery  mono- 
block.  The  transmitted  pressure  bursts 
the  two  diaphragms  and  allows  the 
electrolyte  to  flow  into  the  battery. 
Pressure  on  the  gas  ensures  equal  filling 
of  all  81  battery  cells. 

•  New   manifold   design — A  new 
manifold  system  was  also  developed  to 
regulate  uniform  electrolyte  flow  and  to 
isolate  each  cell  in  order  to  prevent  loss 

of  energy  through  leakage  or  "bridg- 
ing" between  cells.  Development  of 

this  system  was  essential  for  mainte- 
nance of  full  power  potential  through- 

out the  long  wet-stand  life. 
The  third  area  of  improved  design 

in  the  battery,  its  developers  report,  is 
the  separator  material  which  impedes 
the  passage  of  active  material  between 
the  silver  anode,  or  positive  electrode, 
and  the  zinc  cathode,  or  negative  elec- 

trode, but  allows  certain  charged  ions 
to  flow  through  the  KOH  electrolyte 
solution. 

The  Yardney  separator,  for  which 
patents  have  been  applied,  is  made  in 
the  form  of  thin  and  flexible  sheets  and 
is  basically  an  organo-metallic  cellu- 
losic  compound.  tt 

ABM  Mix  Process  
(Continued  from  page  40) 

terial  bins  rather  than  as  a  positive 
weight  gain  recorded  in  the  mixer.  The 
operator,  because  of  a  conversion  at  the 
control  panel,  reads  weight  as  a  positive 
addition  of  materials. 

The  curing  agent  at  the  mix  facility 
is  contained  in  a  day  tank — meaning 
simply  a  tank  large  enough  to  handle  a 
full  day's  production  run.  The  curing 
agent  is  pressure-fed  in  incremental 
batches  to  a  scale.  A  bin-level  indica- 

tor determines  cut-off  of  this  transfer 
operation. 

Oxidizer  arrives  at  the  facility  in  a 
tared,  scaled  sealed  bulk  container.  It  is 
weighed  to  verify  content  weight  against 
the  accompanying  log.  The  tote  is 
transferred  from  this  scale  to  a  tilt- 

ing fixture  incorporating  the  feeder  as- 
sembly. In  this  second  position,  it  is 

tared  to  exclude  the  weight  of  the  tilt 
mechanism,  feeder  assembly,  and  tote. 
Only  actual  content  weight  is  available 
to  the  control  panel. 

Premix  loading  operations  at  the 
mix  facility  follow  the  procedure  used 
for  the  oxidizer. 

The  load  cell  outputs  at  both  the 
premix  and  mix  facilities  are  in  the 

form  of  analog  signals.  These  signals 
are  converted  to  digital  pulses  in  an 
inert  area  close  to  the  loading  opera- 

tions. The  near-site  conversion  from 
analog  to  digital  pulse  is  another  factor 
leading  to  the  ABM  system's  extreme accuracy. 

•  Extra  safety  —  Two  other  safety 
criteria  considered  by  Toledo  and  Thio- 
kol  when  designing  the  ABM  process 
were  ease  of  maintenance  and  human 
engineering.  Whenever  possible,  bolts 
have  been  replaced  by  welds  and  hidden 
corners  have  been  rounded  to  avoid 
dust  accumulation.  Button  logic  and 
color  coding  are  apparent  throughout 
the  system.  This  reduces  operator  train- 

ing time  and  increases  maintenance 
skills. 

Toledo  developed  two  supersensitive 
scales  to  check  out  the  premix  and  mix 
load-cell  subsystems.  One  scale  has  a 
0  to  4000-lb.  range  with  an  accuracy 
of  1  part  in  40,000,  or  1  oz.  in  4000  lbs. 
The  other  scale  ranges  from  0  to  1000 
lbs.  with  an  accuracy  of  1/5  oz.  Both 
scales  are  lever  systems  built  with  stand- 

ard Toledo  parts.  They  utilize  deflection 
readings  rather  than  direct  dial  through 
a  signal  from  a  linear  differential  trans- 

former. These  scales  go  with  the  ABM 
process  to  Thiokol. 

Before  delivery  to  Wasatch,  Toledo 

will  run  the  ABM  system  through  50 
separate  weighings  monitored  by  Thio- 

kol personnel.  Each  weighing  must  co- 
incide with  the  statistical  limits  estab- 

lished by  the  specifications. 
The  ABM  process  will  then  be 

shipped  to  Wasatch  and  installed.  A 
second  series  of  50  weighings  will  be 
run  and  checked  against  both  the  first 
series  and  the  specifications.  Thiokol 
will  then  accept  the  process. 

The  premix  segment  of  the  ABM 
process  was  conditionally  accepted  by 
Thiokol  after  the  first  of  this  series  of 
weighings  on  Feb.  27. 

Total  error  deviation  of  the  system 
as  tested  and  accepted  by  Thiokol  is 
0.16  lbs.  (3a). 

The  entire  ABM  system  will  give  a 
propellant  manufacturer  a  typewritten 
log  of  the  complete  materials  input  to 
the  propellant  within  an  accuracy  of 
ounces. 

This  log  is  produced  automatically  by 
the  system;  in  terms  of  a  large  solid 
booster,  the  amount  of  each  and  every 
ingredient  in  each  and  every  batch  will 
have  been  catalogued  by  the  system 
before  the  batch  was  made. 

For  the  first  time,  this  gives  a  pro- 
pellant manufacturer  a  before-the-fact 

check  on  ingredient  accuracy.  8 
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The  Industry  Week 

DOD,  Industry  Push  Cost  Reduction 
Defense  contractors  were  told  to  cut  costs  if 

they  want  to  stay  in  competition  for  government 
contracts.  Deputy  Assistant  Secretary  of  Defense 
James  Davis  said  last  week  that  DOD  is  looking 
through  a  very  critical  eye  at  the  rising  cost  of 
equipment  procurement.  "More  and  more",  he  said, 
"we  are  emphasizing  the  incentive  contract  .  .  ." 

Meanwhile,  there  were  these  industry  develop- 
ments : 

—The  Martin  Co.  initiated  a  program  to 
increase  managerial  efficiency,  implementing  it 
through  appointment  of  a  general  manager  of 
programs  review  and  a  director  of  performance 
analysis.  Martin  also  awarded  a  citation  to  ACF 
for  its  contributions  to  the  Titan  cost-reduction 
program — S90  thousand  plus  savings  on  the  origi- 

nal contract. 
—General  Electric  formed  a  Defense  Programs 

Operation  within  its  Electronic  and  Flight  Systems 
group  to  provide  greater  economy  in  its  aero- 

space and  defense  business.  Headquarters  are  in 
Washington,  D.  C. 

Changes  in  the  Front  Office 
Roger  Lewis  took  over  as  president  and  chief 

executive  of  General  Dynamics  Corp.  more  than  a 
month  ahead  of  schedule.  Reports  are  that  the  com- 

pany wanted  its  new  boss  on  the  job  immediately 
because  of  a  number  of  important  pending  projects. 
.  .  .  Walter  V.  Tymirtski  was  elected  president  and 
a  director  of  Belock  Instrument  Corp.  He  is  a  for- 

mer deputy  director  for  military  satellite  systems  of 
the  Lockheed  Missile  and  Space  Co.  .  .  . 

News  of  Mergers  and  Expansions 

Chemical  Electronics,  Inc.,  was  formed  as  a  sub- 
sidiary of  American  Electronic  Laboratories,  Inc. 

to  design  and  market  chemical  handling  and  process 
control  equipment.  .  .  .  Ling-Temco-V  ought,  Inc. 
consolidated  its  Ling  Electronics,  Anaheim.  Calif.,, 
and  Calidyne,  Winchester.  Mass.,  divisions  into 
Ling  Electronics.  .  .  .  American  Electronic  Labora- 

tories, Inc.,  formed  a  Washington,  D.C.,  Division. 
A  large-antenna  range  is  available  for  evaluating 
new  designs  and  testing  production  antennas.  .  .  . 
Hoffman  Electronics  Corp.'s  Military  Products  Div. 
established  new  dAstrict  sales  offices  in  Boston,  Los 
Angeles  and  San  Francisco.  .  .  .  Benson-Lehner 
Corp.,  Santa  Monica,  Calif.,  formed  a  Data  Services 
Div.  to  meet  data-processing  requirements  of  gov- 

ernment and  industry.  .  .  .  American  Super-Tem- 
perature Wires,  Inc.,  subsidiary  of  Haveg  Indus- 

tries, Inc.,  opened  a  North  Hollywood,  Calif.,  plant. 
.  .  .  Linde  Co.,  division  of  Union  Carbide,  says  con- 

struction is  75%  complete  on  a  26-tons-a-day  liquid 
hydrogen  plant  at  Ontario,  Calif.  Production  is 
scheduled  for  June.  .  .  . 

Cahn  Instrument  Co.  completed  new  quarters  in 
Paramount,  Calif.  The  new  plant  is  five  times  the 
size  of  present  facilities.  .  .  .  Douglas  Aircraft  Co. 
abandoned  part  of  its  plans  to  expand  Santa 
Monica,  Calif.,  facilities  of  its  Missile  and.  Space 
Systems  Div.  New  space  labs  and  test  facilities 
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planned  for  Santa  Monica  will  be  located  outside 
that  area  "for  technological  as  well  as  geographical 
reasons."  .  .  .  The  Air  Force  released  funds  for  a 
8500,000  expansion  of  the  Satellite  Test  Center  at 
Sunnyvale,  Calif.  A  two-story  annex  will  be  built 
adjacent  to  the  present  center.  .  .  .  United  Aircraft 
Research  Labs  has  added  a  new  wind  tunnel  capable 
of  simulating  spacecraft  flight  conditions  at  speeds 
of  Mach  60  and  altitudes  of  300,000  ft.  .  .  . 

Corporate  Financial  Reports 

Douglas  Aircraft  Co.  in  1961  had  its  first  profit- 
able year  since  1958,  with  net  profit  of  $5,957,000, 

compared  with  a  loss  of  $19,429,000  in  1960.  Missile 
and  space  contracts  accounted  for  $402,198,000,  or 
52.97%,  of  the  company's  total  backlog.  .  .  .  The Boeing  Co.  had  1961  earnings  of  $35,661,000,  up 
from  $2Jf,Jf62,000  the  previous  year.  Sales  were  $1.8 
billion  in  '61,  $1.55  billion  in  '60.  .  .  .  North  Ameri- 

can Aviation's  president  said  sales  in  FY  '62  may 
reach  $1.5  billion.  Sales  in  1961  of  $1.26  billion  were 
the  highest  in  NAA's  history.  .  .  .  Perkin-Elmer 
Corp.  had  a  sales  increase  of  8%  in  the  first  half 
of  its  fiscal  year  over  the  same  period  last  year. 
Earnings  for  the  period  were  $430,931,  compared 
with  $Jf35,681  in  the  same  six  months  last  year.  .  .  . 
Corning  Glass  Works  reported  sales  and  earnings  in 
1961  were  the  highest  in  the  company's  history.  .  .  . 
International  News  Briefs 

Wyman-Gordon  Co.  signed  a  collaborative  agree- 
ment with  private  interests  in  India  to  build  and 

operate  a  forge  plant  in  that  nation.  It  will  be  called 
Wyman-Gordon  India,  Ltd.  .  .  .  Laboratory  for  Elec- 

tronics bought  Elenik  Engineering  Co.,  Stockholm, 
Sweden,  a  specialist  in  design,  development,  and 
production  of  electronic  systems  for  industrial  ma- 

terial handling.  .  .  .  FlexTech,  Canada,  Ltd.,  was 
formed  as  a  joint  venture  of  Flexible  Tubing  Corp. 
and  Anthony  Foster  and  Sons,  Ltd.,  Toronto.  Prod- 

ucts include  FlexFlyte,  a  heavy-duty  ducting  to 
remove  fumes,  etc.,  from  industrial  installations.  . . . 

Company  Name  Changes 

Martin  Marietta  Corp's  Aerospace  Division  will 
revert  to  the  name  of  Martin  Co.  Organizational 
status  remains  the  same.  .  .  .  MM  Electronic  En- 

closures, Inc.,  Hicksville,  N.T.,  is  the  new  name  for 
MM  Enclosures,  Inc.  The  company  designs  and  man- 

ufactures transit,  modular,  instrument  and  combi- 
nation cases  for  housing  electronic  equipment  and 

instruments.  .  .  .  John  Gombos  Co.,  Inc.  changed 
its  name  to  Gombos  Microwave  Inc.  The  company 
produces  microwave  components  and  subsystems.  . . . 

Acquisitions  in  the  Industry 
G.  C.  Dewey  Corp.,  electronics  and  physics  R&D 

Company,  acquired  Pitometer  Log  Corp.  of  New 
York,  producers  of  microwave,  electronic  and  elec- 

tromechanical equipment.  .  .  .  Texas  Research  and 
Electronic  Corp.  acquired  Hallmark  Instruments 
Corp.,  Dallas.  .  .  .  Cetron  Electronic  Corp.,  Geneva, 
HI.,  acquired  Associated  Engineers,  Inc.,  Agawam, 
Mass. 



contracts 

AIR  FORCE 

$18.747.668 — Lockheed  Aircraft  Corp.,  Sunnyvale,  Calif.,  for  research 
and  development  of  a  classified  program. 

$10.431.600 — Space  Technology  Laboratories,  Inc.,  Los  Angeles,  for 
systems  engineering  and  technical  direction  of  Atlas,  Titan,  and 
Minuteman  programs  and  for  activation  engineering  for  ICBM 
program  sites  (2  supplemental  contracts). 

$9,020.000— Thiokol  Chemical  Corp.,  Bristol,  Pa.,  for  research  and 
development  of  improved  motor  and  for  production  of  first-stage 
rocket  motors  for  the  Minuteman  missile  (2  contracts). 

Calif.,   for   production    of  a $8,820.500 — Philco   Corp.,    Palo  Alto, satellite  control  subsystem. 
$8.600.000 — Lockheed  Aircraft  Corp.,  Sunnyvale,  Calif.,  for  produc- 

tion of  satellite  vehicles  and  for  research  and  development  of 
satellite  systems  (2  contracts). 

$6.733,000 — Lockheed  Aircraft  Corp.,  Burbank,  Calif.,  for  production 
of  Agena  space  vehicles.  Work  to  be  done  in  Sunnyvale.  Calif. 

$4,864.000 — American  Machine  and  Foundry  Co.,  Greenwich,  Conn., 
for  a  Titaii  launcher  system  (supplemental  contract). 

$4,200,000 — Philco  Corp.,  Palo  Alto.  Calif.,  for  activities  in  connection 
with  the  satellite  program  (supplemental  contract). 

$3.378,000— General  Electric  Co.,  Philadelphia,  for  work  on  develop- 
ment of  communications  satellite  vehicles  (supplemental  con- tract) . 

$3.365,000 — Hercules  Powder  Co.,  Baccus,  Utah,  for  development  of 
Stage  III  motors  for  the  Minuteman  missile  (supplementary 
contract) . 

$2.248.952 — General  Dynamics  Corp.,  San  Diego.  Calif.,  for  installa- tion and  checkout  of  Atlas  E  missiles. 
$2,221,389 — Avco  Corp.,  Wilmington,  Mass.,  for  research  and  develop- 

ment of  ICBM  re-entry  vehicles. 
$1.500.000 — Radiation,  Inc.,  Melbourne,  Fla.,  for  two  high-gain 

wideband  telemetry  antenna  systems  for  use  on  the  Atlantic 
and  Pacific  Missile  Ranges. 

$1.246,550 — Sylvania  Electric  Products,  Inc.,  Mountain  View,  Calif., 

INSPECTION  v 

PROBLEMS?  
> 

This  booklet  is  for  you! 

Fill  in  and 
mail  today 

This  comprehen- sive, elaborately 
illustrated  booklet 

provides  practical  infor- mation on  the  use  of  the 
famous  A.  C.  M.  I.  Bore- 
scope  in  various  industries, 
for  the  inspection  of  inte- rior areas  or  surfaces  not 
otherwise  visible— together 
with  full  data  on  the  types 
of  Borescope  available, 
and  on  their  care  and 
maintenance.  Have  you 
received  your  copy? 

dhtmican  Cgstoscope  Malwsjnc. 8  PELHAM  PARKWAY PEIHAM  MANOR.  N.  Y. 
Gentlemen:  Please  send  me  without  obligation  a  copy  of 

your  booklet  on  Borescopes. 
Name- 
Firm  
Address— 

City  

for  development,  installation  and  test  of  an  area  surveillance 
unit  for  Minuteman  launch  facilities  at  Vandenburg  AFB,  Calif. 

$1.981.000 — Burroughs  Corp.,  Radnor.  Pa.,  for  training  of  personnel and  other  work  in  connection  with  the  SAGE  system. 
$1.500,000 — Ford  Motor  Co.,  Newport  Beach,  Calif.,  for  design, 

development,  fabrication  and  testing  of  subsystems  for  Atlas 
and  Titan  missiles  (supplemental  contract) . 

$1.496.612 — Aerojet-General  Corp.,  Sacramento,  Calif.,  for  ground 
support  equipment  and  spares  for  the  Titan  missile. 

$1,447.000 — General  Electric  Co.,  Syracuse,  N.Y.,  for  research  and 
development  of  airborne  guidance  equipment  in  support  of 
space  programs. 

$1,350.000 — General  Dynamics  Corp..  San  Diego,  Calif.,  for  develop- ment and  production  of  technical  manuals  for  Atlas  missiles. 
$1.000.000 — North  American  Aviation,  Inc.,  for  production  of  Atlas 

propulsion  systems.  Work  to  be  done  in  Canoga  Park.  Calif, 
and  Neosho,  Mo. 

$420,000— Cubic  Corp.,  San  Diego.  Calif.,  for  MATTS  scoring  kits  for use  in  Genie  rockets. 

ARMY 

$10.700.000 — General  Dynamics/Pomona,  Calif.,  for  initial  develop- 
ment of  the  Mauler  guided  missUe  system. 

$9.369,580— Compudyne  Corp.,  C.  W.  Regan,  Inc.,  and  Acme  Missile 
Construction  Co.,  all  of  Hatboro,  Pa.,  to  build  an  aerospace  simu- 

lator at  the  Arnold  Engineering  Development  Center,  Tullahoma. 
Tenn.  (joint  contract). 

$1.125.000 — General  Dynamics/Pomona,  Calif.,  for  research  and  devel- opment of  Redeye  system. 
$410,899 — Western  Electric  Co.,  Inc.,  New  York  City,  for  procurement 

of  replenishment  spare  parts  for  Nike  missile   (4  contracts) . 
$366.377— Sperry  Rand  Corp.,  Sperry  Utah  Co.,  Salt  Lake  City,  for Sergeant  missile  ground  handling  and  test  equipment. 
$207.395 — Douglas  Aircraft  Co.. 

items  for  Nike/Hercules. 
Santa  Monica.  Calif.,  for  launching 
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$5.000.000 — Lockheed  Propulsion  Co.,  Redlands,  Calif.,  from  Space 
and  Information  Systems  Dir.  oj  North  American  Aviation,  for 
design  and  building  a  solid-propellant  launch  escape  motor  for 
the  Apollo  spacecraft. 

$360.000 — The  Cosmodyne  Corp.,  Hawthorne,  Calif.,  from  Blount 
Brothers  for  liquid  nitrogen  pumps  and  vaporizer  converters  for 
launch  complex  37  at  Cape  Canaveral,  Fla. 

$250.000 — Brooks  and  Perkins,  Inc.,  Detroit,  from  Bendix  Mishawaka 
Division,  for  production  of  cones  for  the  Navy's  Talos  missile. 

NASA 

$491, 900 — J.  Hilbert  Sapp  Co.,  Orlando,  Fla.,  for  construction  of  a 
spacecraft  building  at  Cape  Canaveral  to  support  the  Centaur 
and  Agena-B  programs. 

NAVY 

$8.000.000 — Thiokol  Chemical  Corp.,  Reaction  Motors  Div.,  Bristol, 
Pa.,  for  liquid-propellant  rocket  engines  for  Bullpup  missiles. 

$2.457.367 — Sperry   Piedmont   Co.,   Division   of   Sperry  Rand  Corp., 
Charlottesville,  Va.,  for  modification  kits  and  associated  equip- ment. 

$2.280.000 — General  Dynamics/Convair  Division,  Pomona,  Calif.,  for 
services  and  supplies  in  connection  with  equipment  associated 
with  the  Terrier/Tartar  missile  program,  and  for  supplies  and 
services  for  maintenance,  integrated  round  production  and  utili- zation of  the  missiles  (2  contracts) . 

$2.143.680 — Aerojet  General  Corp.,  Sacramento,  Calif.,  for  guided  mis- sile rocket  motor  and  motor  igniter  (2  contracts). 
$1.940,000 — Chromcraft  Corp.,  St.  Louis,  for  rocket  launchers. 
$1.677,040 — Raytheon  Co.,  Lexington.  Mass..  for  high-powered illuminators  for  the  Hawk  missile  system. 
$850.000 — Mobile  Holdings  Corp.,  Cypress.  Calif.,  for  mobile  home 

construction  for  personnel  of  the  Pacific  Missile  Range  at 
Kwajalein  Island. 
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ISSUE:  MARCH  26, 1962 

SPACE 

SYSTEMS 

Another  first  for  MISSILES  AND  ROCKETS, 

presenting  all  the  nation's  military  space 
projects  and  programs  in  a  single  package  in 

M/R's  2nd  annual  research  and  engineering  issue — 
theme:  MILITARY  SPACE  SYSTEMS 

The  military  space  budget 

is  expected  to  more  than  double  in  '62 
and  the  upward  trend  will  continue. 

In  M/R's  highly  successful  NASA  issue,  published 
November  27,  1961,  M/R's  editors  totally 
covered  NASA's  programs  and  projects. 
On  March  26,  1962,  M/R  will  publish  its  second 
annual  Research  and  Engineering  issue, 

the  companion  to  the  NASA  issue.  In  it,  M/R's 
editors  will  cover  the  military  space  budget, 

programs  and  projects,  personnel,  facilities, 

and  contracting  procedures — with  emphasis 
on  what  the  military  will  buy  in  the  future. 
And  most  important  .  .  .  M/R  will  provide  an 
Industry  Guide  to  the  Military  Space  Centers. 

Plan  for  the  future  by  advertising  in 

Missiles  and  Rockets'  Second  Annual 
Research  and  Engineering  Issue — 
theme:  MILITARY  SPACE  SYSTEMS 

MARCH  12,  FINAL  CLOSING 
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names  in  the  news- 

DUNKEL TRIVISON JAHODA GUEST 

Wilbur  A.  Dunkel:  Vice  president  and 
lending  officer  of  the  National  State  Bank 
of  Newark,  N.J.,  elected  a  member  of  the 
board  of  directors  of  Bundy  Electronics 
Corp. 

Edwin  C.  Johnson:  Former  U.S.  Sen- 
ator and  Governor  of  Colorado,  named 

chairman  of  the  board  of  Goorman  Elec- 
tric Corp.,  Englewood,  Colo. 

N.  Elliott  Felt,  Jr.  and  William  G.  Mar- 
tin: Promoted  to  position  of  general  man- 

ager of  programs  review  and  director  of 
performance  analysis,  respectively,  to  im- 

plement a  new  Martin  Company  program 
putting  increased  emphasis  on  overall 
maangerial  performance  and  efficiency. 

Dr.  Allen  E.  Puckett:  Hughes  Aircraft 
Company  vice  president,  appointed  by  the 
Department  of  Defense  to  the  Defense 
Science  Board  and  designated  to  serve  on 
the  advisory  group's  executive  committee. 

Dr.  Siegfried  F.  Neustadter:  Appointed 
an  engineering  specialist  at  the  Applied 
Research  Laboratory  of  Sylvania  Electric 
Products,  Inc.,  New  York,  N.Y. 

Dr.  John  W.  Abrams:  A  Defense  Re- 
search Board  astrophysicist,  named  chief 

of  operational  research. 

Robert  J.  Trivison:  Brought  into  Cres- 
cent Engineering  and  Research  Company, 

El  Monte,  Calif,  as  vice  president. 

Harmon  Hugo:  Elected  chairman  of 
the  board  of  Arde-Portland,  Inc.,  Paramus, 
N.J.,  and  will  be  replaced  as  president  by 
Eliot  Brummel. 

Dr.  Ernest  Ambler.  Will  direct  re- 
search studies  into  the  properties  of  mat- 

ter at  very  low  temperatures  in  his  new 
position  as  chief  of  the  Cryogenic  Phys- 

ics Section  of  the  National  Bureau  of 
Standards. 

Joseph  R.  Jahoda:  Made  vice  president 
in  charge  of  the  newly  formed  Washington 
Division  of  American  Electronic  Labora- 

tories. The  division  is  located  in  Fairfax,  Va. 

Byron  K.  Elliott:  President  of  the  John 
Hancock  Mutual  Life  Insurance  Company 

in  Boston,  named  a  director  of  U.S.  In- 
dustries, New  York,  N.Y. 

Reed  E.  Holaday:  Promoted  to  senior 
scientist  from  his  former  position  of  senior 
engineer  in  Litton  Industries'  Electron Tube  Research  Laboratory,  San  Carlos, 
Calif. 

Leon  C.  Guest.  Jr.:  Vice  President  and 
Controller  of  General  Telephone  and  Elec- 

tronics, will  become  senior  vice  president- 
administration  of  Sylvania  Electric  Prod- 

ucts, Inc.,  a  GT&E  subsidiary. 

Clyde  A.  Lilly,  Jr.:  Will  supervise  all 
sales  and  marketing  functions  for  the  In- 

dustrial Equipment  Division,  Eddystone, 
Pa.,  of  Baldwin-Lima-Hamilton  Corp.  in 
his  position  as  manager  of  marketing.  Her- 

man Frank  Hentschel,  coming  to  the  com- 
pany from  General  Electric,  will  fill  the 

post  of  manager  of  engineering. 

Dr.  Orr  E.  Reynolds:  Former  head  of 
the  Department  of  Defense's  Office  of  Sci- ence, has  joined  National  Aeronautics  and 
Space  Administration  as  director,  Biosci- 

ence Programs. 

Dr.  Robert  R.  Sparacino:  Promoted  to 
Director  of  AC  Spark  Plug's  Research  and Development  laboratory  in  Wakefield, 
Mass.,  succeeding  Donald  J.  Atwood,  re- 

cently named  director  of  engineering  for 
AC's  Milwaukee  operations. 

Russell  Field:  Elected  a  vice  president 
of  Southwestern  Engineering  Co.,  and 
named  manager  of  the  company's  Engi- neering and  Construction  Division. 

Ralph  L.  Parr:  Previous  director  of 
marketing  for  Dynatronics,  Inc..  Orlando, 
Fla..  has  been  made  vice-president  of  mar- 

keting for  the  company. 

Dr.  Abe  Silverstein:  Director  of  the 
Lewis  Research  Center,  NASA,  Cleveland, 
has  been  awarded  a  Career  Service  Award 
from  the  National  Civil  Service  League 
for  his  leadership  in  the  Mercury  program. 

Lloyd  A.  Hatch:  Will  occupy  new  posi- 
tion as  vice  president  for  long-range  plan- 
ning in  Minnesota  Mining  and  Manufac- 

turing Co.,  being  replaced  by  Dr.  C.  W. 

Walton,  recently  named  vice  president  for research. 

Ray  B.  Cox:  Appointed  vice  president 
and  marketing  director  of  the  Military 
Products  Division  of  Hoffman  Electronics 
Corp.,  Los  Angeles. 

Reuben  M.  Siwek:  Partner  in  the  law 
firm  of  Siwek  and  Zimmerman,  New  York 
City,  has  been  made  a  member  of  the 
board  of  directors  of  Designatronics,  Inc., 
Mineola,  N.Y. 

Harry  J.  Loynd:  President  of  Parke, 
Davis  and  Company,  was  elected  a  direc- 

tor of  the  Bendix  Corporation  at  the  an- 
nual stockholders'  meeting. 

John  D.  Bitner:  Promoted  to  director 
of  logistic  support  in  the  Space  Systems 
division  of  Martin  Co. 

August  Toth:  Brought  into  The  Young 
Machinery  Company,  Muncy,  Pa.,  as  as- 

sistant to  the  president  for  development  of 
special  cost  reduction  and  profit  control 

programs. Emanuel  Weintraub:  Promoted  to  the 
presidency  of  John  E.  Fast  Co.,  a  sub- 

sidiary of  The  Victoreen  Instrument  Co., New  York  City. 

T.  F.  Nagey:  Director  of  research  at 
the  Allison  Division  of  General  Motors, 
appointed  to  the  combustion  and  propul- 

sion panel  of  the  Advisory  Group  for  Aero- 
nautical Research  and  Development,  the 

North  Atlantic  Treaty  Organization  instru- 
ment for  the  exchange  of  technical  in- formation. 

Carr  Wilson:  Will  be  responsible  for 
monitoring  the  product  development  pro- 

gram in  his  new  position  as  senior  staff 
engineer  of  Giannini  Controls  Corp.. 
Duarte,  Calif. 

Maurice  T.  Ireland:  Named  manager 
of  the  Fabrication  Control  Department  of 
the  Western  Development  Laboratories  of 
Philco,  a  subsidiary  of  Ford  Motor  Co., 
Palo  Alto,  Calif. 

George  J.  Pandapas:  Relinquishing  his 
duties  as  president,  assumed  the  chairman- 

ship of  the  board  of  directors  of  Electro 
Tec  Corp.,  West  Caldwell,  N.J.  Arthur 
Asch  succeeds  him  as  president,  and  W.  P. 
Magirmis  joins  the  firm  as  executive  vice 
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products  and  processes 

New  Product  of  the  Week: 

Miniaturized  Power  Packs 

ELECTRONIC  Research  Associ- 
ates, Inc.,  is  adding  a  TR-P5R  series  to 

their  Transpac  line  of  solid-state  mini- 
aturized high  current  power  packs.  The 

units  provide  highly  regulated  d-c  out- 
puts at  all  battery  voltages  and  current 

ratings  of  0-500  milliamperes.  Features 

include  advanced  circuit  and  thermal 
designs,  silicon  rectifiers,  non-inductive 
filtering  and  conservatively  rated  tran- 

sistors and  components.  All  units  have 
a  ±  1  volt  range  of  adjustment  and  out- 

put current  is  0-500  ma.  for  operation 

up  to  55°C. 

hermetically  sealed  snap  action  thermo- 
stat provides  positive  temperature  con- 
trol under  stringent  types  of  environ- 

ments. Special  crystals  are  utilized  capa- 
ble of  withstanding  high  vibration  up  to 

20  G's  from  50  to  2000  cps. 
Circle  No.  227  on  Subscriber  Service  Card 

Digital  Voltmeter 
A  high-speed,  all  electronic,  all  solid- 

state  digital  voltmeter  is  being  produced 
by  Cohu  Electronics,  Inc.,  Kin  Tel  Divi- 

sion. It  has  a  four-digit,  projection-type 
readout,  measures  voltages  with  an  ac- 

curacy of  0.05%  on  any  range.  Both 
range  and  polarity  can  be  selected  auto- 

matically. Standard  ranges  are  9.999, 
99.99  and  999.9  volts  maximum.  It 
changes  range  within  0.005  seconds, 
changes  polarity  within  0.0001  second, 
and  was  designed  specifically  for  data 

logging  systems. Circle  No.  228  on  Subscriber  Service  Card 

Grid  PC  Toroids 
Hisonic,  Inc.,  has  developed  a  series 

of  miniature  metal-cased  toroidal  in- 
ductors incorporating  standard  0.1  inch 

Circle  No.  225  on  Subscriber  Service  Card 

Logic  Modules 
Electronic  Packaging  Co.,  has  avail- 

able a  line  of  low  power  logic  modules. 
They  require  only  a  1.5  volt  power  sup- 

ply and  exhibit  extremely  high  fan-out 
characteristics  up  to  one  megacycle  op- 

eration. Welded,  epoxy  encapsulated 
components  suitable  for  wide  applica- 

tions in  logic  circuit  design,  each  module 
weighs  less  than  12  grams  and  occupies 
less  than  0.5  cubic  inch  of  space.  Termi- 

nals are  20  mil  tinned  dumet  with  10  mil 
spacing.  There  are  six  circuit  configura- 

tions available  from  stock  including 
flip-flop,  shift  register,  clock,  half-adder, 
indicator  and  nor  circuits. 

Circle  No.  226  on  Subscriber  Service  Card 

Transistor  Oscillator 
The  Solid  State  Electronics  Co.,  has 

available  a  transistorized  reference  fre- 
quency oscillator.  A  completely  solid 

state  silicon  transistor  crystal  and  heater 
controlled  sine  wave  oscillator,  the  unit 
is  solidly  encapsulated  in  lockfoam  to 
minimize  weight,  resist  shock  and  vibra- 

tion and  to  maintain  a  high  degree  of 
insulation  to  temperature  transients.  A 

grid  printed  circuit  board  mounting. 
The  units  feature  mounting  via  three 
0.030  inch  tinned  wires  at  three  corners 
of  a  0.20  inch  square  allowing  quick 
adaptability  to  the  0.1  inch  multiple  grid 
spacing  standard  for  printed  circuit 
board  layout.  The  third  wire  provides 
connection  to  the  case.  The  series  fea- 

tures small  size  and  low  weight  for  units 
of  comparatively  high  Q  in  the  audio 
and  low  radio  frequency  range. 

Circle  No.  229  on  Subscriber  Service  Card 

Electrostatic  Tape 
An  electrostatic  shielding  tape, 

EE6105,  has  been  developed  by  Perma- 
cel,  for  use  in  a  non-shorting,  electro- 

static shielding  wrap  on  toroidal  trans- 
formers and  bobbin-wound  coils. 

Constructed  of  electrodeposited  strip 
copper  laminated  to  one-mil  mylar  with 
a  silicone,  pressure-sensitive  adhesive 
on  the  exposed  mylar  edges,  it  is  avail- 

able in  %-in.  and  Vi-in.  overall  widths 
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CAREER  APPOINTMENT 
The  Applied  Physics  Laboratory  of 
the  Johns  Hopkins  University  pub- 

lishes the  HANDBOOK  OF  SUPER- SONIC AERODYNAMICS  under 
cognizance  of  the  U.  S.  Navy.  A  PL 
now  wishes  to  appoint  an  Aero- 
dynamicist  to  its  technical  staff  to 
critically  review,  edit,  and  occasion- 

ally rewrite  manuscripts  for  this 
publication.  The  appointment  is  per- manent. 
The  position  requires  a  B.S.  in  aero- nautical engineering,  aerodynamics, 
or  physics,  phis  experience  in  aero- dynamics, aeronautical  engineering, 
or  propulsion.  Technical  writing  or 
editing  experience  in  these  areas  is desirable. 
A  PL  is  located  in  a  residential  sub- 

urb of  W  ashington,  D.  C.  giving  you 
a  choice  of  city,  suburban  or  country 
living.  Five  nearby  universities  offer 
graduate  study.  Public  schools  are excellent. 
Direct  your  inquiry  lo: Professional  Staff  Appointments 

The  Applied  Physics  Laboratory 

The  Johns  Hopkins  University 
8643  Georgia  Avenue 
Silver  Spring,  Maryland 
(Suburb  of  Washington,  D.  C.) 
An  Equal  Opportunity  Employer 

MICRO 

PRECISION 

HOLES 

FROM  .0001"  DIA. 

DRILLS 

DRILLING  MACHINES 

EXPENDABLE  TOOLING 

DRILLING  SERVICE 

MICRO-MACHINING 

CONSULTANTS 

NATIONAL  JET  CO. 
II  CUPLER  DR.— LaVALE 

CUMBERLAND,  MARYLAND 
CABLE  ADDRESS:  NAJET 

and  gives  thermal,  moisture  and  elec- 
trical stability.  Only  three  mils  thick, 

the  tape  can  be  used  on  small  electronic 
components  without  sacrificing  needed 
strength.  The  strength  and  elongation 
provide  optimum  performance  features 
when  used  as  a  wrap. 

Circle  No    230  on  Subscriber  Service  Card 

Synchropot 
A  line  of  synchropots  has  been  an- 

nounced by  Daystrom,  Inc.,  Transicoil 
Division.  The  synchropot  is  a  standard 
synchro  with  a  single-turn  potentiom- 

eter integrally  mounted  within  the  back 
cover.  The  wiper  arm  of  the  pot  is  on 
the  same  shaft  as  the  synchro  rotor  and 
may  be  externally  adjusted  to  calibrate 
the  pot  data  with  the  synchro  data. 
They  are  available  with  any  combina- 

tion of  synchro  (control  transformer, 
transmitter,  linear  potentiometer)  used 
in  conjunction  with  a  single-turn  po- 
tentiometer. 

Circle  No.  231  on  Subscriber  Service  Card 

Delay  Equalizers 
A  series  of  delay  equalizers  covering 

the  audio  frequency  range  and  exhibit- 
ing extremely  narrow  amplitude  varia- 

tions is  available  from  CircuitDyne 
Corp.,  a  subsidiary  of  Telonic  Indus- 

tries, Inc.  They  are  basically  L-C  net- 
works, providing  varying  time  delays  in 

the  audio  spectrum  from  200  to  3000 
cps.  Packages  in  hermetically  sealed 
cases,  with  standard  octal  plugs,  the 
equalizers  operate  over  an  ambient  tem- 

perature range  of  — 55°C  to  85°C. Circle  No.  232  on  Subscriber  Service  Card 

CIRCUIT  BOARD  CLEANING— The 
availability  of  a  single-page,  illustrated 
bulletin  describing  its  printed  circuit 
cleaning  equipment  has  been  announced 
by  National  Ultrasonic  Corp.  Bulletin 
170  gives  complete  details,  including 
specifications  on  a  completely  integrated 
automatic  ultrasonic  system  for  clean- 

ing and  drying  printed  circuit  boards; 
a  semiautomatic  model,  and  a  manual 
system.  Included  is  a  discussion  on  the 
qualifications  that  must  be  met  by  a  cir- 

cuit board  cleaner  and  testing  methods 
used  to  determine  if  or  not  the  board 
has  been  properly  cleaned. 

Circle  No.  200  on  Subscriber  Service  Card 

MICROWAVE  TEST  TECHNIQUES 
— A  six-page,  two-color  application  note 
(No.  54)  describing  recent  improve- 

ments in  microwave  swept  frequency 
test  techniques  is  available  from  Hew- 

lett-Packard Co.  It  discusses  the  meth- 
ods for  using  swept  frequency  tech- 

niques to  measure  swr,  coupler  directiv- 
ity, attenuation,  signal  generator  output 

swr  and  noise  figure;  and  the  plotting  of 
these  characteristics  with  an  X-Y  re- 

corder. A  method  is  also  presented 
which  permits  each  test  device  to  be 
swept  at  a  high  rate,  with  the  desired 
characteristics  presented  on  an  oscillo- scope. 

Circle  No.  201  on  Subscriber  Service  Card 

ASTM-METALLIC  COATINGS— This 
publication,  published  by  the  American 
Society  for  Testing  and  Materials,  for 
both  producers  and  consumers  of  elec- 
trodeposited  metallic  coatings  and  re- 

lated finishes  contains  29  standards  and 
methods  of  test,  including  seven  revised 
items  and  nine  specifications  which  did 
not  appear  in  previous  editions.  It  also 
includes  four  standards  covering  the 
anodizing  of  aluminum  metal  and  two 
new  laboratory  tests  specifically  de- 

signed to  determine  corrosion  resistance 
of  electrodeposited  metallic  coatings. 

Circle  No.  202  on  Subscriber  Service  Card 

PRECISION  RELAY  BULLETIN— An 
illustrated  4-page  bulletin  containing  full 
performance  data  on  the  BR- 12  sub- 
miniature  precision  relay  series,  is  an- 

nounced by  Babcock  Relays,  a  division 
of  Babcock  Electronics  Corp.  One 

model  of  this  series  features  special  "lie 
down"  construction  for  printed  compo- 

nent board  applications.  Performance 
specifications  emphasize  special  suitabil- 

ity for  applications  requiring  sensitivity 
ranging  from  25  mw  to  250  raw.  Stand- 

ard relays  feature  5  ampere  contacts 
rated  at  3  amperes  to  100,000  opera- 

tions at  125°C  to  MIL-R-5757D. 
Circle  No.  203  on  Subscriber  Service  Card 
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European  Cooperation  
(Continued  from  page  21) 

Norway,  Spain,  Sweden,  Switzerland, 
United  Kingdom,  West  Germany  and, 
as  an  observer,  Austria. 

At  its  very  first  meeting,  Belgium, 
Netherlands,  Norway,  Sweden  and  Bri- 

tain ratified  and  assumed  38.97%  of 
COPERS  budget  requirements.  On  Jan. 
27,  1961,  France  ratified.  Switzerland 
followed  suit  three  days  later,  bringing 
the  budgetary  commitments  to  63.74% 

of  the  total.  However,  the  "Treaty" could  not  take  effect  until  a  minimum 
of  70%  was  pledged.  This  came  about 
on  Feb.  27,  when  West  Germany  rati- 

fied and  her  19.72%  brought  the  com- 
mitted total  to  83.46%. 

Executive  Secretary  Pierre  Auger 
predicted  that  the  final  shape  of 
COPERS  or  ESRO  "would  be  quite 
similar  to  CERN  (in  Geneva)  in  many 
respects:  status,  budget,  scope,  staff, 

etc." 

Speaking  as  head  of  the  French 
Space  Research  Committee,  Professor 
Auger  went  on  to  explain  some  objec- 

tives of  France's  participation  in 
NASA's  International  Programs.  He 
said,  "The  agreement  provides  for  the 
possibility  of  conducting  experiments 
dealing  with  low-frequency  radio  waves 
("whistlers"),  night  sky  luminosity, 
sodium  clouds  and  aurorae  borealis, 
both  natural  and  artificial." 

Auger  added,  "The  instruments  to 
be  used  will  be  designed  and  con- 

structed in  France  and  placed  aboard 
American  sounding  rockets"  and  later, 
"aboard  NASA  satellites"  upon  success- 
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ful  completion  of  the  sounding  rocket 

phase. 
Returning  again  to  the  subject  of 

COPERS,  he  said  legal  teams  were 
drawing  up  the  formal  agreements  for 
institutionalizing  European  space  re- 

search and  upon  this  ratification  would 
the  CERN  framework  become  ap- 

parent. 
•  Success  story — CERN,  European 

Organization  for  Nuclear  Research,  was 
originally  sponsored  by  UNESCO  but 
is  now  entirely  independent.  Twelve 
countries  originally  signed  the  •  1953 
Paris  Convention  which  established  the 
cooperative  nuclear  research  organiza- 

tion; construction  of  the  first  labora- 
tories started  as  early  as  1954,  with  a 

synchro-cyclotron  (600  million  electron 
volis)  operating  by  August,  1957. 
Larger  establishments  have  since  been 

completed  in  one  of  Europe's  most  suc- cessful scientific  ventures  in  interna- 
tional cooperation. 

COPERS  and  ESRO  are  near  the 
coupling  point.  The  last  space  hurdle 
for  Europe — ESLO — appears  a  cer- 

tainty even  with  limited  membership. 
ESLO  membership,  resulting  from 

the  first  conference  at  Strasbourg,  has 
included  Australia,  Belgium,  Denmark, 
France,  Italy,  Netherlands,  Spain. 
United  Kingdom  and  West  Germany 
with  three  observers — Norway,  Sweden 

and  Switzerland.  ~ 
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editorial . . . 

What  G  ood  is  a  Baby? 

ASTRONAUT  JOHN  GLENN  has  done  the  in- 
dustry and  his  country  a  great  service  with  his 

remarkable  speech  before  the  Joint  Meeting  of 
Congress. 

The  Marine  lieutenant  colonel  never  has  been 
known  as  a  man  to  pass  up  a  good  opportunity.  Nor 
did  he  do  so  in  his  Feb.  26  speech  to  the  assembled 
members  of  the  House  and  Senate.  What  might  have 
been  taken  as  the  occasion  for  a  few  casual  and 
colorful  remarks  was  used  by  the  astronaut  for  a 
stirring  lecture  on  this  nation's  future  in  the  space field. 

Those  of  us  in  the  industry  who  boldly  under- 
take to  advise  Congress  from  time  to  time  on  the 

goals,  requirements  and  potentialities  of  space  ex- 
ploration sometimes  feel  that  not  all  the  members  are 

paying  strict  attention. 
Congress  has  shown  an  intelligent  willingness  to 

provide  the  financing  which  the  Administration  has 
requested  for  the  U.S.  space  program.  In  some  areas, 
Congress  has  led.  not  followed.  Doubters  still  re- 

main, however. 
As  influential  a  member  as  Sen.  Paul  Douglas 

(D-Ill.)  raised  the  question  only  a  few  weeks  ago  of 
w  hether  any  money  at  all  should  be  spent  on  the 
Apollo  program.  He  called  the  lunar  landing  project 
"purely  a  stunt  to  get  there  before  someone  else." 

Coupled  with  the  highly  successful  three-orbit 
flight  and  its  impact  on  world  opinion,  Glenn's  speech 
undoubtedly  will  have  a  strong  influence  on  Con- 

gressional thinking. 
His  recounting  of  the  anecdote  about  Disraeli 

and  Faraday  hit  directly  on  target.  The  British  prime 
minister,  visiting  the  laboratory  which  was  the  scene 

of  many  of  Faraday's  early  electrical  experiments,  is 
said  to  have  asked:  "But  of  what  possible  use  is  it?" 

Faraday  replied:  "Mr.  Prime  Minister,  what  good 
is  a  baby?" 

Glenn's  explanation  of  the  point  of  his  story  was 
so  forceful  no  editorial  writer  could  hope  to  im- 

prove on  it: 
"That  is  the  stage  of  development  in  our  program 

today."  he  said.  " — in  its  infancy.  And  it  indicates  a 
much  broader  potential  impact,  of  course,  than  even 
the  discovery  of  electricity  did.  We  are  just  probing 
the  surface  of  the  greatest  advancement  in  man's knowledge  of  his  surroundings  that  has  ever  been 
made.  I  feel. 

"There  are  benefits  to  science  across  the  board. 
Any  major  effort  such  as  this  results  in  research  by 

so  many  different  specialties  that  it  is  hard  to  even 
envision  the  benefits  that  will  accrue  in  many  fields. 

"Knowledge  begets  knowledge.  The  more  I  see, 
the  more  impressed  I  am — not  with  how  much  we 
know  but  with  how  tremendous  the  areas  are  that 
are  as  yet  unexplored. 

"Exploration,  knowledge  and  achievement  are 
good  only  insofar  as  we  apply  them  to  our  future 
actions.  Progress  never  stops.  We  are  now  on  the 

verge  of  a  new  era,  I  feel." 

WE  HOPE  THE  MEMBERS  of  the  Congress  and 
the  Administration  who  cheered  and  applauded 

the  nation's  first  orbital  astronaut  during  the  dramatic 
session  will  long  remember  and  heed  his  words.  He 

has  outlined,  succinctly  and  from  the  nation's  highest platform,  the  basic  philosophy  which  must  guide 
this  country  in  its  approach  to  space. 

The  space  race  with  the  Soviet  Union  is  im- 
portant— militarily.  We  must  never  let  down  in  that 

regard  or  be  lured  into  complacency  by  Mr.  Khru- 
shchev's new  sweet  talk  about  space  cooperation.  We 

should  stand  ready  to  cooperate  fully  with  the  Rus- 
sians in  peaceful  space  endeavors  in  any  way  possi- 

ble— while  remembering  an  old  military  maxim: 
you  don't  arm  to  meet  an  enemy's  intentions;  you 
arm  to  meet  his  capabilities.  He  can  change  his  inten- 

tions overnight;  he  cannot  change  his  capabilities. 
But  important  though  the  space  race  may  be,  it 

is  not  or  should  not  be  the  basic  reason  for  our 
ventures  into  space  and  we  should  not  let  future 
Russian  successes  discourage  us. 

Progress  never  stops,  Glenn  said,  and  our  nation 
must  surge  to  the  forefront  of  that  progress  or  lose 
its  dynamic  drive  and  die. 

As  Glenn  pointed  out,  there  is  no  easy  answer  to 
the  person  demanding  to  know  the  immediate  pay- 

offs of  our  effort — the  eventual  benefits  are  not  even 
known  to  man  today. 

"But  exploration  and  the  pursuit  of  knowledge 
have  always  paid  dividends  in  the  long  run — usually 
far  greater  than  anything  expected  at  the  outset," he  said. 

The  astronaut's  words  are  the  Gettysburg  Address 
of  our  field.  Let  us  hope  that  fourscore  and  seven 
years  from  now  they  will  be  as  well  remembered. 

The  baby  must  be  carefully  nurtured  to  full maturity. 

William  J.  Coughlin 
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systems 

analysts: 

Quantify  the  complex 

on  important  projects 

at  Hughes! 

SURVEYOR  (soft  lunar  landing  space- 
craft), SYNCOM  (synchronous  communi- 

cations satellites),  ARPAT  (terminal  anti- 
ballistic  missile  defense  system),  BAMBI 
(anti-ballistic  missile  defense  feasibility 
study).  These  are  a  few  of  the  many  im- 

portant and  complex  projects  under  de- 
sign, development  and  study  at  Hughes. 

Because  of  these  projects  and  others 

important  to  the  nation's  defense,  pre- 
paredness and  space  effort,  Hughes  of- 

fers more  opportunities  to  Systems  An- 
alysts than  ever  before. 

Involved  with  these  positions  are  the  con- 
sideration of  many  basic  problems  such 

as:  the  proper  mix  of  manned  vs.  un- 
manned satellites;  the  requirements  of 

manned  space  flight;  IR  systems  require- 
ments for  high  speed  strike  reconnais- 
sance systems  or  unmanned  satellites; 

analysis  of  weapon  systems  from  con- 
ception through  development,  test  and 

customer  use;  and  many  others. 

Inquire  today.  If  you  are  a  graduate 
engineer  or  physicist  from  an  accredited 
university,  a  U.  S.  citizen,  and  believe 
that  you  can  contribute  to  and  benefit 
from  the  important  projects  at  Hughes, 
contact  us  today.  Airmail  your  resume  to: 
Mr.  Robert  A.  Martin, 
Supervisor  of  Scientific  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd., 
Culver  City  79,  California 
We  promise  you  a  reply  within  one  week. 

Creating  a  new  world  with  ELECTRONICS 

HUGHES 

AEROSPACE  DIVISIONS 



MANNED 

IS  A  PROVEN 

JMCDO/V/V. 

More  than  a  year  before  our  nation 
issued  a  call  for  a  manned  space 

CD  A  PC  CI  I  PUT    vehicle,  the  industrial  
team UlMut  rLlutll   at  McDonnell  began  design 

of  the  Project  Mercury 

spacecraft  that  has  launched 

,g  g        America's  Manned Space  Exploration 

PAP  ARM  ITV  program.  The  knowledge Wfl'l  flUILII  |  and  experience  gained  by 
McDonnell  as  prime  contractor  to  the  National 

Aeronautics  and  Space  Administration  for  Project 

Mercury  can  provide  the  continuing  impetus  needed 
to  meet  new  and  more  demanding  space 

exploration  programs.  The  performance  of 

this  team  on  America's  first  manned 
spacecraft  gives  evidence  of  the 

spacecraft  development  capability 

available  at  McDonnell  for  new 

manned  space  projects 

of  the  United  States. 

Phantom  H  Fighter  and  Attack  Aircraft  • 
Project  Mercury.  Aerobaf/istic  and  Re-entry  Research  Spacecraft  • 

Talos  and  Typhon  Missile  Airframes  and  Engines  •   Quail  Decoy  Missiles  • 
Rotorcraft  •  Electronic  Systems  •  Automation 

MCDONNELL  AIRCRAFT    •     ST.  LOUIS 
Engineers  and  Scientists:  Employment  opportunities  exist  at  McDonnell,  prime  contractor  on  projects  in  the  national  interest  such  as  MERCURY,  ASSET, GEMINI,  and  PHANTOM  II.  An  Equal  Opportunity  Employer.  For  information,  write:  Professional  Placement,  McDonnell,  Dept.  MR,  Box  516,  St.  Louis  66,  Mo. 
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Here's  the  most  reliable 
measurement  of 

true  operating  time 

FOR  ETI 
LOOK  TO  AIRSUPPLY 

Elgin  Elapsed  Time  Indicators  are 
sold  exclusively  by  Airsupply— 
Aero  Engineering  Company,  Divi- 

sion of  the  Garrett  Corporation. 
Here  is  a  national  organization 
with  experienced  representatives 
in  your  area  ready  to  provide  in- formation and  service  from  the 
moment  of  sale  as  long  as  your 
needs  require.  Ask  for  name  of 
nearest  representative— you'll  get a  wire  from  us  immediately! 

GET  INFORMATION  NOW  ON  ELGIN  ELAPSED  TIME  INDICATORS 

Read  the  booklet  that  tells  why  Elgin  ETI's  have  won  acceptance 
in  both  military  and  civilian  use  as  the  standard  of  reliability. 

Extremely  accurate,  small,  light  in  weight  (about  one  ounce), 

and  drawing  less  than  one  watt,  Elgin  ETI's  provide  a  practically 
unlimited  number  of  time  integrating  applications  for  use  in 

missile,  airborne  and  electronic  equipment  systems.  Digital 

read-out  as  well  as  dial  units  are  available— AC  or  DC  to  suit 

your  circuits.  Write  for  a  copy  of  the  booklet  now! 

micronics 
36S  BLUFF  CITY  BLVD.  •  ELGIN,  ILLINOIS 

DIVISION 
I 
INDUSTRIAL  GROUP LG  I  N  national  watch  company 

OTHER   DIVISIONS:    SYSTEM  S    COMMUNICATIONS  |  RESEARCH  AND  DEVELOPMENT]  CONTROLS  |  PRECISION  PRODUCTS 
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Idea:  Cut  lead-time  and  costs  in  automatic  check-out  equipment 

*  1 1 1    ,  ̂jijj  f  / 1  ij  *j 

LAND,  SEA,  AIR  or  SPACE..  . TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

Are  you  wasting  time  and  money  on  specialized  elec- 
tronic check-out  equipment  for  every  new  weapons  sys- 

tem or  subsystem?  Goodyear's  Central  Programmer  and 
Evaluator  can  save  costs  and  reduce  lead-time. 

Available  now,  the  CPE  costs  many  thousands  of  dollars 
less  than  other  equipment  in  its  field.  It  can  perform 
4,000  tests  with  one  program  tape.  Typical  DC  accuracy 
is  ±  0.059fc  of  actual  value  measured  (not  full  scale)  in 
the  1-600  volt  range.  Time,  frequency,  resistance,  phase 
angle  and  AC  voltage  are  also  measured  with  a  similar 
high  degree  of  accuracy.  Capabilities  include  fault-isola- 

PROMISINQ  CAREERS  FOR  EXPERIENCED 

tion  of  equipment  under  test,  self -verification,  and  self- 
fault  isolation  through  modular  construction. 

This  concept  in  electronic  test  and  check-out  equipment 
is  typical  of  Goodyear  Aircraft  Corporation's  capabili- ties in  land,  sea,  air  or  space  defense  systems. 

If  now  is  when  we  can  be  of  service  to  you  in  advanced 
systems  and  technology  .  . .  aerospace  support  equipment 
.  .  .  electronic  subsystems  .  . .  lightweight  structures  . .  . 
or  missile  requirements,  write  Goodyear  Aircraft  Cor- 

poration, Akron  15,  Ohio,  or  Litchfield  Park,  Arizona. 
ENGINEERS  INTERESTED  IN  ELECTRONICS 

GOODYEAR 

See  Goodyear  Aircraft's  CPE  in  operation  at  the  IRE  Show,  Booth  No.  3123,  New  York  Coliseum,  March  2e-29,  1962 
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Left— The  scene:  UTC  Development  Center. 
The  action:  static  firing  test  is  monitored 
on  closed-circuit  TV  in  Remote  Control 
and  Data  Acquisition  Center. 

INTERVIEWS  NOW  ARE  BEING 

CONDUCTED  FOR  THESE  POSITIONS 

Sr.  Design  Engineer— Supervision  of  a  group  in 
design  of  solid  rocket  motor  components.  Re- 

quires professional  degree  and  a  minimum  of 
5  years  rocket  design  experience. 

Engineering  Analyst-Systems  Design.  To  for- 
mulate mathematical  models  of  systems  engi- 
neering problems  and  implement  solutions  by 

analytical  techniques.  Requires  degree  with 
solid  mathematical  foundation  and  2  years  de- 

sign or  systems  experience. 

Solid  Rocket  Project  Engineers— Participate  in 
all  phases  of  solid  propellant  rocket  development 
with  emphasis  on  design,  processing,  and  test- 

ing of  large  solid  rocket  engines.  Excellent  growth 
potential.  Requirements  include  an  engineering 
degree  plus  5  years  experience  in  rocket  engine 
development. 

Capability  backed  by  four  decades  of  propulsion  experience 

United  Technology  Corporation 
P.  O.  Box  358  Sunnyvale,  California 

Is  there  a  future  for  you  with  UTC? 

Are  you  an  engineer  or  scientist  with  a  record  of  achievement? 

Would  you  enjoy  applying  your  talents  to  major  programs  in  ad- 
vanced propulsion — large  segmented  solid  propellant  rocket  engines, 

hybrid  rocket  engines  and  storable  high  energy  liquid  propellant 
engines? 

Would  you  find  it  stimulating  to  work  directly  with  recognized  pro- 
fessional leaders  at  a  modern  multi-million-dollar  complex,  where 

you  could  avail  yourself  of  the  very  latest  techniques,  methods,  ideas 
and  equipment? 

Would  you  appreciate  living  in  the  San  Francisco  Bay  area,  which 

features  "West  Coast  living"  at  its  finest?  Plus  the  possibility  of 
financial  gain  if  you  can  give  evidence  of  real  creativity  and  initiative? 
This  is  what  the  future  holds  at  UTC.  If  you  are  interested,  we  invite 
you  to  contact  J.  W.  Waste,  Dept.  10-B,  United  Technology  Cor- 

poration, Box  358,  Sunnyvale,  California.  All  replies  treated  in  strict- 
est confidence. 

Senior  Engineering  Specialists  — Originate  ad- 
vanced design,  analysis,  and  evaluation  of  liquid 

and  hybrid  rockets,  systems,  and  components. 
Will  organize  and  arrange  proposals  and  presen- 

tations. Requires  engineering  degree  plus  a  mini- 
mum of  8  years  creative  and  original  analytical 

work. 
Aerothemo  Specialist— Will  perform  heat  trans- 

fer thermodynamic  and  aerodynamic  studies  on 
rocket  motors,  develop  new  methods  of  analysis 
and  design  tests.  Will  consult  with  designers  and 
project  engineers  on  major  engine  programs. 
Requires  masters  degree  in  mechanical  or  aero- 

nautical engineering  and  4  years  experience  in 
thermodynamics  and  heat  transfer. 

Quality  Control  Engineer— Monitor  rocket  casing 
preparation,  hardware,  handling  equipment,  pro- 

pellant processing.  Requires  engineering  degree 
plus  2  years  experience. 
Propulsion  Engineer -For  analytical  studies  of 
solid  and  liquid  propulsion  systems.  Requires 
degree  with  extensive  mathematics,  thermo- 

dynamics and  fluid  mechanics  background. 

Positions  also  for  process  operations  supervisors. 

All  qualified  applicants  considered  without 
regard  to  race,  creed,  color  or  national  origin. 
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letters 

That  Engineer  Shortage 
To  the  Editor: 

I  have  recently  read  the  letter  in  M/R, 
Feb.  5,  signed  "An  Engineer's  Wife,"  re- 

garding the  engineer  shortage  in  the  in- 
dustry. 

In  one  particular  aspect,  I  must  agree 
with  her.  This  is  in  regard  to  the  require- 

ment of  college  grade-point  average. 
For  three  years  I  have  been  working 

as  a  technical  writer.  I  have  reason  to  be- 
lieve that  I  qualify  for  this  position,  for  I 

have  written  manuals  and  specifications  on 
the  Sergeant,  Atlas  launch  and  support  sys- 

tems, and  various  other  systems.  During 
these  three  years  I  have  been  engaged  in 
contract  technical  writing,  i.e.,  "job  shop- 

ping," as  opposed  to  permanent  employ- ment with  the  larger  firms.  The  reason  is 
lack  of  formal  education:  my  only  diploma 
is  one  from  high  school.  I  cannot  qualify 
for  work  in  the  technical  publications  de- 

partment of  any  major  company.  Yet  I 
can  and  do  qualify  to  come  to  the  premises 
of  these  organizations,  on  the  payroll  of 
a  contract  engineering  firm,  and  write, 
edit,  and  supervise  the  publication  of 
manuals. 

It  seems  to  me  that  if  industry  wants 
to  attract  qualified  men  to  fill  the  need  for 
engineers  (in  all  categories),  it  should 
lower  the  barrier  it  now  has  against  men 

with  either  no  college  at  all,  or  college  but 
no  degree.  There  are  many  such  men  doing 
a  sterling  job  in  contract  engineering  who 
would  much  rather  be  elsewhere  but  can- 

not be.  I  have  found  that  this  diploma- 
fetish  rests  mainly  in  the  personnel  offices 
of  industry.  The  engineering  and/or  pub- 

lications departments  don't  much  care 
where  a  man  came  from  so  long  as  he's able  to  do  the  job  at  hand.  This  feeling 
on  the  part  of  the  personnel  interviewer 
may  account,  in  part,  for  the  so-called 
shortage  of  engineers.  There  is  no  shortage 
in  contract  engineering. 

(Name  withheld  on  request) 
San  Francisco 

To  the  Editor: 
Men  with  20  or  more  years  of  experi- 

ence in  electronics,  though  often  lacking 
a  degree,  are  another  valuable  source 
of  know-how.  Their  experience,  gained 
through  years  of  working  with  equipment 
in  the  field,  could  be  used  advantageously 
in  areas  such  as  system  and  intersystem 
compatibility,  logic  of  approach  to  a  prob- 

lem, and  field  operation  and  maintenance. 
Such  men,  though  they  cannot  replace 

the  new  graduate  engineer,  are  a  largely 
untapped  source  of  knowledge  which  could 
furnish  valuable  guidance  to  the  new  engi- 

neer while  he  is  gaining  experience. 

The  problem  facing  us,  nationally,  is 
two-fold:  how  to  help  more  high  school 
graduates  obtain  their  degrees  in  engineer- 

ing, and  how  to  fill  the  gap  until  that  is 
accomplished.  Any  successful  solution 
must  be  adopted  nationally. 

As  suggested  in  Mr.  A.  T.  Strickland's letter  (M/R,  Feb.  12),  we  must  provide 
a  means  for  earning  adequate  wages  dur- 

ing summer  vacation,  as  well  as  while  in 
college.  If  industry  would  sponsor  more 
qualified  engineering  enrollments,  paying 
most  of  their  expenses  pending  graduation, 
there  would  soon  be  no  shortage  of  engi- 

neering graduates.  Many  qualified  young 
men  would  be  happy  to  take  advantage 
of  such  an  opportunity  and  repay  their 
sponsor  out  of  their  first  years  of  employ- 

ment after  graduation. 
C.  N.  Savage 
Melbourne,  Fla. 

To  the  Editor: 
The  doubling  of  the  present  engineer- 
ing and  scientific  manpower  (assuming  it 

could  be  done)  by  1970  would  be  the  coup 
de  grace  of  an  already  declining  profes- 

sion. The  eager  "youngster  out  of  school 
who  has  taken  the  latest  courses"  is  but  a 
walking  encyclopedia  of  cookbook  solu- 

tions and  procedures.  It  takes  some  time 
(forever  for  some  unfortunates)  for  the 
true  realization  of  what  he  has  learned.  It 
takes  still  longer  to  begin  to  apply  this 
knowledge  to  new  and  unknown  areas. 

The  colleges  and  universities  cannot 
teach  the  technology  of  tomorrow,  they 
can  only  teach  what  has  already  happened; 
but  vastly  more  important,  they  do  teach 
the  unchanging  scientific  fundamentals. 
The  thermodynamic  textbook  of  today  of- 

fers few  advantages  over  the  1940  version. 
The  same  is  true  of  most  of  the  engineering 
sciences,  mechanics,  mathematics,  etc.  Only 
with  a  firm  foundation  and  the  maturity 
to  recognize  and  apply  these  fundamentals 
is  true  creativity  possible. 

The  far  too  common  stereotype  of  en- 
gineer today  is  encouraged  to  remain  be- hind his  cookbooks  to  forever  apply  the 

history  of  past  methods  to  the  problems 
of  today,  often  without  fully  realizing 
why  it  was  thus  done  in  the  past.  He  is 
denied  the  task-direction  and  supervision 
necessary  to  develop  a  scientific  maturity 
and  the  ability  to  supply  the  fundamental 
principles  to  create  rather  than  rearrange. 

The  new  engineer  needs  proper  super- 
vision and  task  opportunities  to  obtain  this 

maturity.  The  B.S.  is  nothing  more  than 
a  P.L.  (permit  to  learn).  The  engineer 
who,  by  misuse,  is  denied  this  advanced 
instruction  has  only  received  half  his  edu- 

cation. The  older  scientists  and  engineers, 
who  may  have  received  this  education,  are 
presently  turned  down;  not  because  their 
knowledge  is  outdated,  but  because  their 
cookbooks  are  outdated.  The  1970  crisis 
could  best  be  solved  by  doubling  the  pres- 

ent engineers,  rather  than  doubling  the 
number  of  "learner  permits."  This  respon- 

SPACECRAFT  STRUCTUR 

ENGINEERS 
FOR 

MISSILES  &  SPACE  COMPANY 

SPACECRAFT  STRUCTURES-BS,  advanced  degree  or  equiva- 
lent experience.  Analyze  and  test  vehicles,  covering  entire  range  of 

space  flight:  lift-off,  maximum  aerodynamic  loading,  maximum 
acceleration,  maximum  heating,  orbital  and  deep  space  boost,  zero 
gravity  operation,  de-orbiting;  from  lift-off  to  recovery.  BS  or 
advanced  degree  with  experience  in  one  or  more  of  the  following: 

dynam ICS— Aeroelasticity,  acous- 
tics, fuel  slosh,  transient  loads,  body 

bending  dynamic  loads,  shock  and 
vibration,  test  requirements  and 
liaison. 

strength -Plates  and  shells, 
thermal  stresses,  pressure  vessels, 
redundant  structures,  test  require- 

ments and  liaison,  experimental 
stress  analysis. 
aero'astro  mechanics- 
Design  criteria,  air  loads,  inertia 
loads,  wind  shears  — gusts  and  tur- 

bulence, rigid  body  dynamics,  sep- 
aration systems. 

PLEASE  SEND  YOUR  RESUME  to  Mr.  R.  C.  Birdsall,  Employ- 
ment Manager,  Dept.  M-35B,  599  N.  Mathilda  Avenue,  Sunnyvale, California. 

weights  —  Weight  estimation  and 
calculation,  weight  control,  mass 
inertia  properties,  actual  weighing, 
weight  budgeting,  weight  reporting. 

LOCK  Mi MISSILES  &  SPACE  COMPANY 
I  GROUP  DIVISION  OF  l ^CKMEEO  AIRCRAFT  CORPORAT, 

SUNNYVALE.  PALO  ALTO.  VAN  NUYS.  SANTA  CRUZ.  SANTA  MARIA,  CALIFORNIA 
CAPE  CANAVERAL,  FLORIDA  •  HAWAII 

AN  EQUAL  OPPORTUNITY  EMPLOYER 
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sibility  rests  mainly  on  the  management, 
and  must  be  realized  else  the  cooks  spoil 
the  broth. 

(Name  withheld  on  request) 
Boulder,  Colo. 

Patent  Equities 
To  the  Editor: 

In  Letters  to  the  Editor,  M/R,  Feb. 
19,  concerning  the  Patent  Rights  contro- 

versy, two  writers  submitted  opposite  views 
— that  the  organization,  whether  it  be  gov- 

ernment or  industry,  which  provides  the 
money  for  creative  talent  is,  and  is  not, 
entitled  to  patent  control. 

May  I  submit  that  the  most  discrimi- 
nating factor  determining  patent  rights  is 

neither  money  nor  creative  talent.  Industry 
and  government  have  reached  a  point 
where  their  paid  talent  is  producing  di- 

minished creativity.  This  is  not  because 
these  inventors  or  industries  are  not  being 
paid  adequately.  The  real  "fly  in  the  oint- 

ment" is  the  sublimation  of  payments  for 
performance  of  operations  of  immediate 
importance.  There  are  so  many  immedi- 

ately important  projects,  that  an  endeavor 
which  may  be  important  in  the  future  is 
often  physically  impossible  to  pursue  in 
the  location  having  the  most  experience. 
Thus,  it  is  necessary  that  someone  else 
with  less  experience  take  the  chance  of 
investing  capital  for  a  sufficient  parallel 
effort  which  entitles  them  to  a  slice  of  any 
future  profit. 

The  question  is  then  very  simple.  Do 
they  really  get  a  slice  or  are  they  entitled 
to  full  ownership?  First,  it  must  be  a  slice, 
and  second,  a  procedure  must  be  set  up  to 
determine  the  size  of  the  slice  before  the 
fact,  on  the  basis  of  its  value  after  use. 
Without  this,  the  effort  is  unchanneled. 

The  value  of  an  "idea"  is  non-existent 
until  it  is  used.  Nevertheless,  the  inventor 
who  produces  nothing  of  practical  value 
for  years,  but  will — he  hopes — must  still 
eat.  That  he  should  get  paid  as  much  as 
an  equally  conscientious  person  who  has 
produced  useful  ideas,  is  not  the  question 
at  all.  The  question  is,  how  much  more 
should  persons  or  industries  be  paid  for  a 
specific,  created  value?  When  this  is  cate- 

gorized in  advance,  the  direction  of  effort 
is  obvious. 

The  converse  to  the  above,  which  is 
equally  important,  is  the  fact  that  a  person 
or  industry  concerned  with  new  develop- 

ments must  take  into  account,  exactly, 
their  debt  to  "someone  else's  risk,"  with  the degree  publicly  established  in  advance. 
This  is  to  say,  that  a  risk  exists  until 
something  useful,  not  necessarily  a  prod- 

uct, is  achieved,  and  the  costs  up  to  that 
point  of  any  development  are  a  debit  of 
the  originator,  which  can  be  measured  and 
which  must  be  cancelled  before  any  mutual 
reward  can  be  expected. 

If  organizations,  government  or  indus- 
try, really  want  to  put  money  to  work,  it 

is  up  to  them  to  initiate  mutual  incentives 
by  pre-categorizing  patent  equities  accord- 

ing to  performance. 
William  Flower 
Senior  Engineer 
Cook  Electric  Co. 
Morton  Grove,  111. 
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Togetherness,  with  Greater  Isolation... 

by  new NEMS-CLARKE®  Multicoupler 

Another  new  addition  to  the  Nems-Clarke  line  of  telemetry  equipment 
is  the  Solid  State  Multicoupler,  SSM-101.  It  accepts  the  output  of  an 
antenna-mounted  preamplifier  and  provides  eight  outputs  with  a  minimum 
isolation  between  any  two  outputs  of  50  db.  The  gain  is  held  to  approxi- 

mately unity  and  is  fiat  within  3  db  across  the  band. 

The  SSM-101  is  designed  for  use  in  the  225-260  megacycle  telemetry  band 
but  can  be  supplied  to  cover  other  bands  between  55  and  300  megacycles. 
Input  and  output  connections  are  made  at  rear  of  the  unit  through  type  C 
connectors.  Its  integral  power  supply  will  also  energize  the  Nems-Clarke 
Solid  State  Preamplifier,  SSP-101. 

Write  for  Data  Sheet  899. 
Vitro  Electronics,  919  Jesup-Blair  Dr. 
Silver  Spring,  Maryland 
A  Division  of  Vitro  Corp.  of  America 

VISIT  VITRO  AT  I.R.E.  SHOW 
Booth  3821-3823. 

TO 

Circle  No.  5  on  Subscriber 

Specifications 
1.  Pass  Band   225-260  megacycles 
2.  Uniformity  response  within  3  db 
3.  Gain  approximately  unity 
4.  Isolation  .  between  outputs  50  db  minimum 
5.  Receiver  outputs  8 
6.  Impedance  ....  Designed  to  operate  in 

50  ohm  system 7.  Power  source 
115  v,  60  cps.  .  .  approximately  6  watts 

8.  Connectors  type  C 

Service  Card 



OGO  will  check  in  here 

Soon  a  new  space  chamber  30  feet  in  diameter  will  fill  this 

deepening  bowl  of  earth.  Here  OGO  (NASA's  Orbiting  Geo- 
physical Observatory)  will  be  subjected  to  conditions  of  solar 

heating,  vacuum,  and  vehicle  radiation  to  the  cold  of  outer 
space.  The  new  space  chamber  will  be  the  sixth  at  STL.  It 
will  enable  engineers  and  scientists  working  on  OGO,  Vela 
Hotel  and  other  STL  projects  to  test  large,  complete  space- 

craft as  well  as  major  subsystems.  And  along  with  other  ad- 
vanced facilities  at  STL's  Space  Technology  Center,  it  will 

provide  unusual  scope  for  engineers  and  scientists  to  verify 
and  apply  new  techniques  in  design,  development  and  fabri- 

cation of  spacecraft.  STL's  expanding  space  programs  have 
created  new  opportunities  for  engineers  and  scientists  in  the 
following  fields:  Aerodynamics,  spacecraft  heat  transfer; 
Communication  Systems;  Electronic  Ground  Systems;  Power 
Systems;  Propellant  Utilization;  Propulsion  Controls;  Re- 

entry Body  Evaluation;  Systems  Analysis;  Thermal  Radiation; 
and  Trajectory  Analysis.  All  qualified  applicants  are  invited 
to  write  Dr.  R.  C.  Potter,  Manager  of  Professional  Placement 
and  Development,  for  opportunities  with  STL  in  Southern 
California  or  at  Cape  Canaveral.  STL  is  an  equal  opportunity 
employer. 

@ SPACE  TECHNOLOGY  LABORATORIES,  INC. 
o  subsidiary  of  Thompson  Ramo  Wooldridge  Inc. 

P.O.  Box  95005-F,  One  Space  Park,  Redondo  Beach,  California  •  P.O.  Box  4277,  Patrick  AFB,  Florida 
Los  Angeles  •  Vandenberg  AFB  •  Norton  AFB.  San  Bernardino  •  Dayton  •  Cape  Canaveral  •  Washington,  D.C.  •  Boston  •  Huntsville 

IRE  delegates:   NYC   Interviews  March   26-29  •  Call  F.  C.  Nagel,  Plaza  2-8968  •  Visit  STL  Booth  1435 



The  Countdown 

WASHINGTON 

Live  Launch  of  Skybolt  Due  Soon 

First  "live"  launch  of  the  Douglas  ALBM  Skybolt 
from  a  B-52  is  due  shortly  on  the  Atlantic  Missile  Range. 
Initial  powered  flights,  to  test  aerodynamic  stability,  will 
use  an  existing  inertial  guidance  system  developed  by  the 
Kearfott  Division  of  General  Precision,  Inc.  Operational 
Skybolts  will  be  equipped  with  a  stellar-inertial  guidance 
system  under  development  by  Nortronics  Division  of 
Northrop  Corp.  Use  of  the  existing  guidance  equipment 
is  said  to  have  cut  several  months  from  the  test  program. 

Morale  Problems  on  Polaris  Subs 

The  Navy  is  keeping  it  quiet,  but  early  cruises  of  the 
Polaris  submarines  have  turned  up  some  serious  morale 
problems  among  crews.  Divorce  rate  is  said  to  be  climb- 

ing. In  one  disturbing  incident,  a  crew  member  was  not 
told  of  a  death  in  his  family  until  the  sub  returned  from 
station. 

New  Dyna-Soar  Pads  for  Cape 

Three  Titan  III  launch  pads  to  be  used  in  the  Dyna- 
Soar  program  will  be  built  for  the  Air  Force  at  Cape 
Canaveral.  Each  will  be  an  integrated  facility  in  which 
the  booster  and  its  Dyna-Soar  payload  will  be  serviced 
in  an  industrial  area  and  then  moved  by  rail  to  the  launch 
pad.  Although  no  decision  has  been  made,  AF  may  build 
the  pads  on  new  land  acquired  by  NASA  in  order  to  make 
use  of  space  agency  facilities. 

Long  Path  for  NASA  Budget 

Hearings  on  NASA's  Fiscal  '63  budget  will  run 
through  most  of  the  current  session  of  Congress.  Earliest 
the  House  Space  Committee  can  take  action  on  the  bill 
is  late  April  or  early  May.  Hearings  then  will  begin  in  the 
Senate.  Formal  approval  of  the  appropriation  thus  cannot 
come  until  near  the  end  of  the  session. 

Name  Change  for  Dyna-Soar? 

Watch  for  a  change  in  the  Dyna-Soar  name.  Top  DOD 
officials  are  pressing  for  a  name  change  for  the  manned 
space  vehicle  in  order  to  emphasize  the  strictly  research 
nature  of  the  program.  Most  likely:  an  X-number. 

Solids  Miss  the  Moon  Boat 

Some  of  the  industry's  top  proponents  of  large  solid 
boosters  now  concede  privately  that  foot-dragging  on  the 
program  means  the  solids  no  longer  can  be  ready  in  time 
for  the  first  U.S.  manned  lunar  landing  missions.  The  Air 
Force,  meanwhile,  is  making  an  effort  to  obtain  public 
NASA  support  for  development  of  large  solids.  Without 
it,  AF  officials  feel,  they  may  have  a  hard  time  squeezing 
the  necessary  funds  out  of  Congress. 

Atlas  Shot  Boosts  Enthusiasm 

Even  the  most  experienced  Atlas  observers  were  en- 
thused over  the  initial  E-type  launch  from  Vandenberg 

AFB.  The  additional  30,000  lbs.  thrust  produced  a  notice- 
able difference  in  acceleration. 

Delay  in  Titan  I  Training  Program 

Pace  of  training  SAC's  Titan  I  crews  has  been  slowed 
down  by  the  need  for  refurbishing  of  the  silo  and  elevator 
areas  after  each  launch.  Refurb  parts  are  provided  in  kit 

form  but  the  program  has  hit  delays  in  some  "unexpected" 
requirements. 

First  West  Coast  Minuteman  Firings 

First  Minuteman  firings  from  Vandenberg  AFB  now 
are  slated  for  late  this  fall.  Two  dummy  vehicles,  includ- 

ing the  transport-erector  systems,  already  are  at  the  base 
for  training  SAC  crews  in  placement  of  the  missile  in  its 
silo.  Six  silos  will  be  used  in  the  program,  the  highest- 
density  missile  crew  training  program  ever  attempted  at Vandenberg. 

INDUSTRY 

Skyrocketing  Skybolt  Costs 

Watch  for  a  switch  to  an  incentive-type  contract  for 
the  GAM-87  Skybolt.  The  ALBM  is  costing  much  more 
than  anticipated.  An  incentive  contract  would  force  out 
the  true  cost.  DOD  officials  then  would  have  accurate  cost 
information  for  a  decision  either  to  increase  funding  or 
to  cut  the  number  of  missiles  programed. 

Navy  Investigating  Variable  Thrust 

Variable-thrust  propulsion  units  producing  some 
20,000  lbs.  of  thrust  have  been  fired  at  the  Naval  Ord- 

nance Test  Station,  China  Lake,  Calif.  Test  system  used 
four  NOTS-developed  0-5000-lb.  variable-thrust  units  with 
UDMH  and  red  fuming  nitric  acid  as  propellant. 

Greatest  Show  on  Earth 

Attendance  at  this  year's  IRE  meeting  in  New  York, 
March  26-29,  is  expected  to  exceed  70,000.  This  would 
make  it  the  largest  technical  gathering  ever.  Among  items 
on  the  program:  a  General  Electric-sponsored  affair  with 
the  off-Broadway  title,  "How  to  Succeed  in  New  Rectifier 
and  Silicon  Controlled  Rectifier  Applications  Without 

Really  Trying." 

INTERNATIONAL 

Russians  Studying  Powered  Re-Entry 

A  Soviet  publication  says  future  re-entry  methods  may 
include  winged  vehicles  equipped  with  engines.  Aerody- 

namic heating  problem  could  be  solved  by  controlling  the 
speed  and  direction  of  re-entry  and  the  vehicle  would  be 
usable  for  more  than  one  flight.  The  Russian  source  says 
advanced  rocket  aircraft,  already  approaching  6000 
km/hr.  or  25%  orbital  speed,  might  be  the  forerunners 
of  these  vehicles.  This  suggests  the  Soviets  may  have  a 
program  similar  to  the  U.S.  X-15  project  but  with  the  ulti- 

mate goal  of  extending  the  craft  into  a  space  system. 
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The  Missile  I Space  Week 

R/M  ASBESTOS- 

PHENOLICS 

The  component:  EXIT  SKIRT 

The  missile:  TITAN 

The  Titan  missile  wears  a  skirt  molded  of 
R/M  Style  40RPD  Pyrotex®  felt  impreg- 

nated with  a  special  heat-resistant  phenolic 
resin. 

There  are  at  least  half  a  dozen  good 
reasons  why  Pyrotex  felt  is  the  specified 
material  for  one  of  the  hottest  spots  on 
the  Titan. 

Pyrotex  is  economical,  available  from 
stock,  and  has  long  shelf  life.  When  im- 

pregnated, it  has  a  very  high  strength-to- 
weight  ratio.  It  ablates  uniformly.  And  you 
can  select  your  preferred  molding  technique 
from  vacuum  bagging,  high  pressure  bag- 

ging, autoclaving  or  high  pressure  com- 
pression molding. 

Coaters  can  impregnate  this  felt  with  any 
resin  you  specify.  It  can  be  slit  into  any 
width  for  use  as  tape.  R/M  will  work  with 
you  to  assure  top  quality 
moldings  that  cost  less. 

Talk  to  the  man  from 
R/M  about  your  specific 
application  for  this  or 
other  forms  of  R/M  asbes- 

tos-phenol ics. 

Cross  section  showing  exit  skirt molded  of  Prepreg, 
R/M  Style  40RPD  Pyrotex®  felt. 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department,fvianheim,Pa. 

SPECIALISTS  IN  ASBESTOS 
RUBBER,  ENGINEERED  PLASTICS,  SINTERED  METAL 

Shots  of  the  Week 

NASA's  first  Orbiting  Solar  Ob- 
servatory was  successfully  launched 

from  Cape  Canaveral  by  a  Thor-Delta 
rocket  on  March  7. 

The  458-lb.  satellite,  carrying  13 
experiments  designed  to  give  scientists 
their  first  undistorted  data  from  the 
sun,  was  launched  into  a  near-circu- 

lar orbit  (apogee  370  mi.,  perigee 
340  mi.).  Its  angle  of  inclination  to 
the  equator  was  33  degrees. 

Dr.  Hugh  Dryden,  NASA  Deputy 
Administrator,  said  after  the  shot  that 

the  satellite  was  "in  many  respects 
one  of  the  most  advanced"  ever 
launched  and  its  entry  into  orbit 

opened  a  "new  phase"  of  space 
exploration. 

Ball  Brothers  Research  Corp., 
Boulder,  Colo.,  was  prime  contractor 
for  the  satellite. 

The  launching  of  OSO-1  was  the 
first  of  a  series  of  solar  observatory 
vehicles  to  be  launched  during  the 
next  1 1  years,  a  period  covering  one 

full  "sun  spot  cycle". 
Hoped-for  result  of  the  OSO  ex- 

periments is  a  method  for  reliably 
predicting  solar  flare. 

In  other  shots: 

•  The  Army  test-fired  its  Nike* 
Zeus  antimissile  missile  March  5  for 
the  first  time  from  Kwajalein  Island 
against  a  simulated  ICBM. 

Using  data  programmed  into  the 
Zeus'  target  intercept  computer  to 
simulate  the  re-entering  ICBM,  the 
successful  test  was  in  anticipation  of 

test  firings  against  ICBM's  launched 
from  Vandenberg  AFB,  5000  miles 
away,  later  this  year. 

•  A  Navy  Polaris  A-2  was 
launched  from  Cape  Canaveral  March 
1,  carrying  a  new  lightweight  guid- 

ance system  developed  by  Massa- 
chusetts Institute  of  Technology  for 

eventual  use  in  the  2800-mile-range 
Polaris  A -3. 

The  missile  hit  its  target  1500 
miles  downrange. 

The  new  intertial  guidance  plat- 
form, slightly  larger  than  a  basketball, 

weighs  one-third  that  of  the  A-l  guid- 
ance system  and  will  thus  permit  a 

correspondingly  heavier  warhead. 
•  Three  Nike-Cajun  rockets  were 

launched  from  Wallops  Island,  Va., 

March  2,  in  a  series  of  tests  to  meas- 
ure atmospheric  conditions  at  high 

altitudes. 

Most  spectacular  of  the  tests  was 
one  in  which  sodium  vapor  was  dis- 

charged into  the  atmosphere — start- 
ing at  26  miles  above  the  earth  and 

continuing  until  the  rocket  reached 
an  altitude  of  84  miles. 

•  The  Air  Force  successfully  re- 
covered in  the  air  a  data  capsule 

ejected  from  Discoverer  XXXVIII 
after  four  days  of  orbiting  the  earth. 

It  was  the  eighth  successful  air- 
snatch  of  Discoverer  capsules.  Four 
others  have  been  recovered  by  AF 

frogmen. 
The  capsule  contained  samples  of 

various  metals  which  the  AF  is  testing 
to  determine  the  effects  of  radiation 
on  metals. 

•  An  AF  Martin  Mace  B  missile 
was  successfully  launched  from  Cape 
Canaveral  on  March  2,  in  the  final 
firing  in  the  Mace  system  operational 
test  and  evaluation  program. 

Lockheed  Gets  AF  Solid  Award 

Lockheed  Propulsion  Co.  has 
won  a  $2-million  contract  from  the 
Air  Force  Space  Systems  Div.  to 
build  and  conduct  feasibility  tests  on 
a  segmented  sol  id- rocket  motor  120 
in.  in  diameter. 

The  big  motor,  using  a  propellant 
already  developed  by  Lockheed,  will 
be  the  first  project  to  undergo  feas- 

ibility testing  at  the  company's  test 
facility  at  Potrero,  Calif. 

Robert  F.  Hurt,  president  of 
Lockheed  Propulsion,  said  his  scien- 

tific staff  would  press  the  fabrication 

and  test  firing  of  the  motor  "at  the 
earliest  possible  date  consistent  with 

sound  scientific  judgment." 

AT&T  Opposes  ComSat  Plan 

American  Telephone  &  Telegraph 
Co.  told  Congress  that  it  opposes  the 
Kennedy  Administration  proposal  for 
a  broadly  owned  commercial  com- 

munication satellite  system. 
An  official  of  the  firm  told  the 

Senate  Space  Committee  that  the 
satellite  corporation  should  be  owned 
solely  by  communication  carriers. 

Vice  President  James  E.  Ding- 
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man  said  that  the  carriers  had  earned 
the  right  of  ownership  because  of  past 
service  and  development  of  communi- 

cation satellites. 
He  said  they  could  develop  the 

system  faster  and  more  effectively  if 
there  were  no  public  stockholders. 

Later,  the  Administration  charged 
that  it  was  inconsistent  for  AT&T  to 
charge  that  ownership  should  be 
limited  to  big  communication  carriers. 

Dr.  Edward  C.  Welsh,  Executive 
Secretary  of  the  National  Space  Coun- 

cil, pointed  out  that  few  companies 
have  as  broad  ownership  as  AT&T. 

"I  have  been  further  advised  that 
this  widely  distributed  stock  owner- 

ship has  neither  caused  that  company 
to  be  particularly  ineffective  nor  has 
it  been  the  reason  why  communication 

rates  are  as  high  as  they  are  now," Welsh  said  in  a  statement  filed  with 
the  committee. 

Van  Allen  Belt  De-fanged? 
The  Van  Allen  Radiation  Belt 

may  no  longer  be  a  problem  in 
manned  space  travel,  the  Air  Force 
reports. 

An  AF  announcement  said  that 
data  from  an  Agena  satellite  indicates 
that  the  belt  is  only  one -half  as  big 
in  area  of  major  radiation  concen- 

tration as  was  originally  surmised, 
although  it  is  perhaps  six  times  as "hot." 

The  AF  said  that  the  satellite  pro- 
vided the  first  continuous  data  on  the 

actual  size  and  intensity  of  the  inner 
belt. 

HEPDEX  (for  High  Energy  Pro- 
ton Detection  Experiment)  revealed 

that  the  zone  of  significant  radiation 
covers  approximately  20  degrees  on 
either  side  of  the  magnetic  equator. 

Earlier,  maximum  radiation  in  the 
belt  was  thought  to  be  equal  to  100,- 
000  protons  passing  through  the  area 
of  a  four-cent  stamp  each  second. 

HEPDEX,  however,  revealed  that 
the  radiation  was  equal  to  600,000 
protons  passing  through  the  stamp  per 
second. 

This  means  that  the  inner  belt  is 
much  "hotter"  at  its  center  than 
originally  thought,  but  it  would  take 
nearly  a  week  of  continuous  exposure 
at  this  rate  to  cause  death. 

JFK  Sends  K  Some  Specifics 

President  Kennedy  wrote  Soviet 
Premier  Khrushchev  a  letter  pro- 

posing some  specific  programs  of 
joint  U.S-USSR  space  cooperation. 

Details  of  the  letter  were  withheld 
pending  its  arrival  in  Moscow. 

Largest  Firing  of  TVC  System 
LIQUID  INJECTION  THRUST  VECTOR  CONTROL  checked  out  successfully  in  the 
firing  of  Aerojet-General's  600, 000-lb. -thrust  engine  on  Feb.  17.  The  secondary  fluid 
was  not  identified.  Aerojet  has  flown  liquid-injected  vector  control  systems  in  Polaris 
test  vehicles  at  Cape  Canaveral.  The  system  marked  the  largest  test  firing  of  a  TVC 
system.  United  Technology  used  a  liquid  injection  method  in  its  large  booster  firing 
last  December.  Aerojet 's  unit  was  deemed  completely  satisfactory  during  the  98-second 
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GENISCO  RATE-OF-TURN 
TABLES  FOR  CALIBRATING 

AND  EVALUATING  gyro- 
scopes AND  ACCELEROMETERS 

Trajectories  into  space  call  for  extremely 
precise  guidance  components.  For  accurate 
calibration  and  evaluation  of  rate  gyroscopes 
and  accelerometers.  Genisco  Rate-of-Turn 
Tables  provide  the  essential  precision.  Many 
models  and  accessories  are  also  available 
for  testing  inertial  guidance  components. 
More  widely  used  than  any  other  make,  the 
Genisco  C-181  Rate-of-Turn  Tables  are  em- 

ployed by  all  major  companies  as  their 
standard  for  acceptance  testing  to  rigid 
government  requirements.  Excellent  repeati- 
bility  and  simplicity  of  operation  make  them 
ideal  for  large  volume  production  testing. 
Numerous  models  and  accessories  add  to 
inherent  versatility  of  design. 

Federal  stock  numbers  have  been  as- 
signed to  the  various  configurations  of  the 

base  C-181  model. 

a enisco 
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$225  million  worth  .  . 

AF  Explains  Added  Base  Costs 

Zuckert  blames  concurrency 

of  consfrucf/on  and  missile 

development — plus  lack  of 

previous  experience 

by  James  Trainor 

AIR  FORCE'S  management  of 
ICBM  activation  is  under  heavy  fire 
before  Congress  for  multimillion-dollar 
cost  over-runs.  This,  coupled  with  earlier 
disclosures  of  base  delays  resulting  from 
poor  Air  Force  and  Army  construction 
management,  has  once  more  raised  ques- 

tions about  the  concurrency  concept. 
One  question  certain  to  be  asked 

again:  Could  the  missile  manufacturers 
such  as  Convair  and  Martin  have  done 
a  better  job  of  managing  the  programs 
than  the  Air  Force-Space  Technology 
Laboratories  complex? 

A  Senate  committee  was  told  last 
week  that  construction  of  Atlas  and 
Titan  ICBM  hardened  sites  concurrently 
with  development  of  the  missile  systems 
has  resulted  in  a  $225-million  over-run. 

Inexperience  in  cost -estimating  a  pro- 
gram with  "no  parallels  in  past  experi- 
ence" also  was  held  partly  to  blame. 

Appearing  before  a  special,  one-day 
session  of  the  Senate  Preparedness  In- 

vestigating Subcommittee.  Secretary  of 
the  Air  Force  Eugene  M.  Zuckert  said 
that  he  had  been  both  "surprised  and 
concerned"  when  he  became  aware  of 
the  mounting  ICBM  base  construction 
costs. 

Even  now,  the  Secretary  said,  there 
is  "no  assurance  that  $225  million  can 
do  the  job"  since  this  figure  represents 
just  what  can  be  foreseen  at  the  present 
time. 

•  Time  critical  element — Under  the 
prodding  of  Sen.  Stuart  Symington  (D- 
Mo.),  Zuckert  pointed  out  that,  in  the 
base  construction  program,  time  was 
the  most  critical  element. 

"Missile  bases  had  to  be  started  long 
before  the  missiles  they  were  to  house 
had  been  flown,  much  less  fully  tested," 
he  said,  "if  both  were  to  be  ready  at  the earliest  possible  date,  as  the  National 
Security  Council  had  directed." 

As  a  result,  he  said,  changes  were 
made  in  the  hardened  bases  as  required 
— but  the  paperwork  was  neglected  in 

the  press  of  time.  Consequently,  it  was 
some  months  before  contractors  were 
able  to  submit  documented  cost  pro- 

posals showing  the  impact  both  in  time 
and  material  of  authorized  changes. 

When  the  contractor  cost-estimates 
were  submitted  in  late  1960  and  early 
1961,  AF  contracting  officers,  Zuckert 
said,  "found  it  difficult  to  credit  these 
estimates  with  much  more  than  an  in- 

clination on  the  part  of  the  contractors 

to  protect  themselves." However,  as  the  impact  costs  were 
assessed,  it  was  realized  that  "if  con- 

tractors' proposals  were  generally  high, 
ours  were  often  low,"  Zuckert  added. 

•  Congress  warned  by  DOD — As 
the  extent  of  the  change  costs  became 
more  apparent  to  both  the  Defense  De- 

partment and  the  Air  Force,  Assistant 
Secretary  of  Defense  (Installations  & 
Logistics)  Thomas  D.  Morris  told  the 
subcommittee  a  letter  outlining  the  sit- 

uation was  submitted  to  Congress. 
Specifically,  Morris  testified,  Deputy 

Secretary  of  Defense  Roswell  Gilpatric 
notified  the  Senate  Subcommittee  on 
Military  Construction  on  July  10,  1961, 
that  "because  of  the  uncertainties  of 
costs  in  change  orders  as  well  as  claims, 
it  appears  that  the  final  estimates  of  the 
program  will  further  exceed  the  specific 
authorizations  and  appropriations  made 

for  this  program." Air  Force  estimates  for  construc- 
tion of  the  Atlas  and  Titan  sites  were 

originally  set  at  $996.2  million,  then 
jumped  to  $1,048  billion,  and  are  now 
pegged  at  $1,272  billion.  In  addition, 
$66  million  was  re-programed  from 
personnel  accounts  to  cover  site  con- struction costs. 

The  additional  $225  million  re- 
quested in  the  FY  '63  budget  repre- sents no  new  starts  and  was  broken 

down  by  Zuckert  as:  $130  million  for 
settled  and  validated  claims,  $25  mil- 

lion for  Titan  II  adjustments,  $30  mil- 
lion for  identified  but  unstarted  work, 

$13  million  for  increased  government 
costs,  and  approximately  $25  million 
for  future  costs. 

Most  of  this  money  will  be  spent 
on  the  Atlas  F,  Titan  I  and  Titan  II 
sites.  The  latter,  according  to  Maj.  Gen. 
Thomas  Gerrity,  Chief  of  the  Ballistic 
Systems  Division,  can  be  expected  to 
produce  the  greatest  number  of  design 
changes,  since  the  system  is  now  enter- 

ing the  critical  electro-mechanical  con- 
struction phase.  Also,  he  said,  changes 

can  be  expected  in  the  silos  as  the 
flight  test  program  gets  under  way. 

•  Outside  firm  engaged — Consider- 
able criticism  was  voiced  by  Senator 

Symington  over  DOD's  decision  to  en- 
gage an  outside  management  firm  to  in- 

vestigate and  analyze  the  management 
structure  of  the  ICBM  site  construction 

program. "I  have  sufficient  pride  in  the  gov- 
ernment," Symington  said,  "to  feel  that 

they  are  capable  of  doing  this."  In  ef- fect, he  said,  this  amounts  to  a  DOD 
vote  of  no-confidence  in  the  Air  Force. 

The  firm — Arthur  F.  Anderson  & 
Co.  of  Chicago — has  been  at  work 
since  early  January  conducting  an  on- 
site  audit,  Morris  told  the  subcommit- 

tee. This  part  of  the  audit — concerned 
with  evaluating  estimated  total  costs — 
will  be  submitted  to  DOD  by  April  1. 
The  remainder — covering  the  manage- 

rial and  administrative  practices — will 
be  finished  by  June  1. 

•  Strikes  not  a  factor — Although 
the  steel  strike  of  two  years  ago  signifi- 

cantly delayed  the  site  construction  pro- 
gram, Gen.  Gerrity  told  the  committee, 

strikes  since  that  time — particularly  in 
the  last  year — have  not  been  a  major 

problem. Gerrity  also  made  a  plea  for  more 

flexibility  in  appropriations  "when  con- struction is  a  part  of  a  weapons  sys- 
tem." This  would  allow  him,  he  said,  to 

put  some  money  into  research  and  de- 
velopment on  construction  of  the  bases. 

In  response  to  a  question  from  Sen. 
Symington,  Gerrity  said  that  he  would 
recommend  more  flexible  contracting 
procedures  in  future  site  construction. 

•  More  inquiries  coming  —  Some 
companies  have  deliberately  quoted  be- 

low cost  and,  after  winning  the  con- 
tract, have  sought  to  recover  not  only 

costs  but  a  profit  through  change  costs. 
Sen.  Symington  asserted. 

The  government,  therefore,  should 
have  the  right  to  require  the  contractor 
prove  that  the  cost  is  related  to  a 
change,  he  said. 

Presumably,  this  practice  of  "buy- 
ing in"  will  come  under  close  scrutiny 

by  Sen.  McClellan's  Senate  Investigat- 
ing Subcommittee  later  this  month. 

Another  investigation  into  the  ICBM 
construction  costs  is  slated  for  Rep. 
Carl  Vinson's  House  Armed  Services 
Committee  during  hearings  on  the  Ad- 

ministration's FY  '63  Military  Con- 
struction Bill.  8 
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In  budget  hearings  .  .  , 

NASA  Outlines  Long-Range  Launch  Plans 

NASA  WILL  LAUNCH  some  84 
unmanned  scientific  satellites  in  the 
1962-65  period  in  support  of  its  manned 
lunar  landing  program. 

In  addition,  approximately  200 
sounding  rocket  probes  are  scheduled. 

Dr.  Homer  E.  Newell,  head  of  the 
Office  of  Space  Sciences,  revealed  the 
heavy  schedule  in  testimony  before  a 
House  Space  Subcommittee  holding 
public  hearings  on  NASA's  Fiscal  1963 
budget  request. 

Dr.  Newell  also  disclosed  that  NASA 
has  decided  to  go  ahead  with  the  de- 

velopment of  the  Prospector  space- 
craft. Engineering  work  will  begin 

early  this  year  and  the  first  Prospector 
launches  are  slated  for  1965. 

Turning  to  the  even  more  distant 
future,  Newell  said  that  in  1968  it  is 
planned  that  the  Voyager  spacecraft, 
launched  by  a  SaMr/z-class  vehicle,  will 
orbit  the  planet  Mars.  A  heavy-landing 
capsule  may  also  be  carried  on  this 
mission. 

Between  1968-73,  flights  will  be 
made  toward  the  sun,  out  of  the  plane 
of  the  ecliptic,  toward  outer  planets 
such  as  Jupiter  and  perhaps  in  toward 
the  sun  to  Mercury. 

Included  in  the  1962-65  unmanned 
satellite  schedule  of  Iaunchings  are 
seven  Rangers,  nine  Surveyors,  three 
Prospectors,  four  Mariner  R,  eight 
Mariner  B,  one  Voyager,  29  Explorers, 
10  Orbiting  Geophysical  Observatories, 
11  Orbiting  Solar  Observatories,  and 
four  Orbiting  Astronomical  Observa- 
tories. 
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Newell  told  the  subcommittee  that 
the  study  of  harmful  radiation  in  space, 
and  unmanned  investigation  and  ex- 

ploration of  the  lunar  surface  were  the 
primary  purposes  of  the  space  sciences 

program. The  lunar  exploration  schedule  calls 
for  a  rough  landing  with  the  Ranger 
spacecraft  this  year.  In  1964,  the  Sur- 

veyor spacecraft  will  make  the  first 
soft  lunar  landing  attempt. 

The  first  Surveyor  lunar  orbiter  is 
also  planned  in  1964.  This  spacecraft 
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and  mapping  of  the  moon  and  in  addi- 
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tion  will  provide  an  anchored  monitor- 
ing station  at  the  moon's  orbit  for 

measuring  radiation.  In  the  1965-66 
period,  the  Surveyor  mission  capability 
will  be  extended  to  Prospector,  with 
a  capability  to  land  anywhere  on  the 
lunar  surface  and  to  employ  a  roving 
surface  vehicle  for  site  surveys. 

A  landing  platform,  an  ejectable 
retro  rocket,  and  various  payloads 
would  comprise  the  major  modules  in 
the  Prospector  spacecraft. 

In  the  interplanetary  field,  design 
and  development  of  the  Voyager  space- 

craft is  scheduled  to  begin  this  year, 
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MAP  SHOWS  NASA  installations  and  staffs,  which  by  end  of  FY  '62  will  total  21,88 

NASA  Sets  Up  Separate  Atlantic,  Pacific  Launch  Centers 
NASA  HAS  REORGANIZED  its 

launch  operations  facilities  at  the  At- 
lantic and  Pacific  Missile  Ranges  into 

two  independent  field  installations. 
The  Launch  Operations  Directorate 

— located  at  Cape  Canaveral — will  now 
be  known  as  the  NASA  Launch  Opera- 

tions Center.  The  new  center  will  be 
under  the  direction  of  Kurt  Debus  and 
will  report  directly  to  D.  Brainerd 
Holmes,  director  of  the  space  agency's Office  of  Manned  Space  Flight. 

The  NASA  Test  Support  Office  at 
the  Pacific  Missile  Range  will  be  estab- 

lished as  the  NASA  Pacific  Launch 
Operation  Office.  It  will  be  under  the 
direction  of  Lt.  Cmdr.  Simon  J.  Burtt- 
schell  and  will  report  directly  to  Dr. 
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Homer  E.  Newell,  head  of  the  Office 
of  Space  Sciences. Associate  Administrator  Robert  C. 
Seamans,  Jr.,  said  the  Launch  Opera- 

tions Center  will  service  all  NASA 
programed  launches  from  Cape  Ca- 

naveral, but  will  report  to  Holmes  to 
insure  immediate  response  to  the  many 
jobs  involved  in  the  manned  lunar  land- 

ing program. 
"The  center  at  the  Atlantic  Missile 

Range  consolidates  in  a  single  individ- 
ual all  of  NASA's  operating  relations with  the  Air  Force  Commander  at 

AMR,"  Seamans  said. 
"In  addition,  the  single  organiza- 

tion will  insure  the  best  possible  plan- 
ning for  and  use  of  common  facilities 

for  equipment,  services  and  support 
personnel  for  Iaunchings  from  Cape 

Canaveral." 
Seamans  said  similar  but  more 

limited  arrangements  will  be  made  at 
the  Pacific  Missile  Range.  The  new 
center  will  report  to  the  Office  of  Space 
Sciences  because  that  office  has  most 
of  the  NASA  launches  scheduled  from 
PMR. 

Both  of  the  launch  centers  were 
formerly  part  of  the  Marshall  Space 
Flight  Center.  To  replace  Marshall's old  launch  operations  setup,  a  new 
Launch  Vehicles  Operations  Division 
has  been  established. 

It  will  be  directed  by  Dr.  Hans  F. 
Gruene. 



NASA  PHOTOS  of  three-orbit  and  18-orbit  Mercury  capsules 
illustrate  enlarged  service  pod  in  the  latter,  necessary  to  support 

a  one-day  manned  mission.  It  will  hold  additional  attitude  con- 
trol equipment,  life  support  and  battery  systems. 

Newell  said. 

•  Vehicle  outlook  —  Turning  to 
launch  vehicles  for  the  unmanned  sci- 

entific program,  Newell  said  that: 
—Scout — Payload  of  the  Scout 

booster  will  be  increased  to  240  lbs. 
in  a  300-mile  orbit  later  this  year. 
NASA  has  ordered  some  30  of  the 
vehicles  and  23  missions  have  been 
scheduled  through  1963. 

—  Centaur — The  first  launch  is  still 
scheduled  for  early  this  year.  The  igni- 

tion problem  has  been  licked.  Protecting 
the  very  cold  liquid  hydrogen  in  the 
Centaur  tank  from  boiling  away  dur- 

ing flights  in  space  lasting  many  hours 
continues  to  be  a  critical  problem. 
NASA  is  also  pushing  a  product 
improvement  program  to  increase  the 
weight-carrying  capability  of  the  vehicle. 

—Agena  —  Twenty-eight  missions 
are  currently  planned  for  NASA  Atlas- 
Agena  and  Thor-Agena  Vehicles.  NASA 
also  expects  to  use  the  Agena  vehicle 
into  the  1970  era. 

The  House  Space  Committee  has 

split  up  hearings  on  NASA  Fiscal  '63 
budget  request  between  four  subcom- 

mittees— one  for  each  of  NASA's  four 
program  offices. 

•  Nuclear  rocket  plans — Details  of 
how  a  nuclear-powered  rocket  could 
be  used  to  achieve  a  manned  landing 
on  Mars  or  Venus  were  revealed  be- 

fore the  subcommittee  considering  the 

programs  of  the  space  agency's  Office 
of  Applications. 

Harold  B.  Finger,  director  of  the 
space  nuclear  propulsion  office,  said 
that  the  nuclear-powered  space  vehicle 

Nuclear  Tests  to  Sharpen  Missile  Deterrent 

RENEWED  ATMOSPHERIC  test- 
ing is  expected  to  substantially  increase 

the  effectiveness  of  missiles  in  the  U.S. 
nuclear  arsenal. 

The  major  area  of  advancement  ex- 
pected from  the  shot  series — announced 

last  week  by  President  Kennedy — will 
be  the  accumulation  of  definitive  data 
on  the  high-altitude  effects  of  nuclear 
weapons.  This  is  essential  to  the  devel- 

opment of  an  antimissile  missile  and  to 
the  determination  of  the  effectiveness 
of  radar  and  communications  in  this 
environment. 

Proof-testing  of  weapons  already  in 
the  arsenal — such  as  Polaris,  Sergeant, 
Atlas  and  Titan — should  give  "an  in- 

creased capability  to  employ  these 
weapons  systems  effectively  by  more 
accurate  measurements  of  weapons  ef- 

fects," says  Secretary  of  Defense  Rob- ert S.  McNamara. 
Development-testing  of  novel  con- 

cepts for  nuclear  weapons  may  also  pro- 
vide improved  yield-weight  ratios.  Likely 

to  be  of  particular  concern  in  this  area 
are  the  "clean"  thermonuclear  bomb 
and  the  neutron  bomb. 

In  the  area  of  nuclear  effects,  the 
U.S.  expects  to  be  able  to  find  out 
exactly  what  happens  to  a  hardened 
ICBM  site  after  the  explosion  of  a  nu- 

clear weapon.  This  could  lead  to  in- 
creased survivability  and  "second-strike" capability  for  our  retaliatory  forces. 

•  Not  enough? — The  President's  de- 
cision to  end  the  three-and-a-half-year 

U.S.  moratorium  on  atmospheric  testing 
was  based  on  the  "major  gains"  made by  the  Soviets  in  their  series  of  tests 
last  fall.  Significant  advances  were  made 
by  the  Russians,  Kennedy  said,  in  the 
areas  of  high-altitude  effects  and  yield- 
weight  ratio  of  their  strategic  nuclear 
weapons. 

In  spite  of  Kennedy's  announce- ment, concern  was  voiced  by  some 
members  of  Congress  that  the  series  of 
tests  would  not  be  comprehensive enough. 

would  be  assembled  in  or  placed  into 
a  300-mile  earth  orbit. 

It  would  fire  from  the  earth  orbit 
with  a  full  load  of  hydrogen  propellent. 
The  vehicle  would  be  established  in  a 
Mars  orbit  and  a  chemically  propelled 
landing  craft  would  land  three  men  on 
Mars.  The  men  would  then  rendezvous 
with  the  orbiting  spacecraft,  using  a 
chemically  propelled  vehicle  to  take 
off. 

The  entire  trip  would  take  400 
days,  including  40  days  at  Mars. 

The  weight  of  the  nuclear-powered vehicle  in  the  earth  orbit  would  be 
1  million  lbs.  An  all-chemical  vehicle. 
Finger  said,  would  weigh  10  times  as 
much. 

Other  pertinent  comments  on  the 
nuclear  rocket  program  included: 

—The  most  difficult  problem  which 
must  be  solved  is  the  development  of 
a  reactor  which  will  withstand  the  high 
temperatures  that  are  required  at  the 
imposed  thermal  stresses  and  flight 
loads.  Also,  jet  nozzles  capable  of 
withstanding  the  high-temperature  jet 
must  be  developed.  This  involves  the 
solution  of  materials  problems,  fabri- 

cation problems,  and  the  accumulation 
of  basic  heat  transfer  information. 

—NASA  plans  this  year  to  test  re- 
actors at  the  rate  of  one  every  two 

months  in  order  to  select  a  reactor 
in  1962  for  incorporation  into  the 
NERVA  engine.  A  selection  this  year 
is  imperative  if  the  proposed  1966-67 
flight  schedule  is  to  be  met.  In  order 
to  insure  the  high  reliability  which 
must  be  proved  before  flight  testing,  30 
to  40  reactor  engine  assemblies  will  be 
needed  to  perform  various  tests. 

—Nuclear  rocket  test  stands  will 
differ  sharply  from  chemical  ground 
firing  stands.  The  nuclear  engine  will 
be  brought  to  the  stand  on  a  railroad 
car  and  will  be  automatically  connected 
to  the  stand.  Heavy  shielding  will  en- 

close the  engine  during  test  operations 
to  reduce  radiation  levels.  8 
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Martin  will  build  SNAP  71  .  .  . 

AT&T  To  Aid  NASA's  Engineering 

AMERICAN  TELEPHONE  and 
Telegraph  Co.,  has  been  selected  to  pro- 

vide system  engineering  support  for  the 
U.S.  Manned  Space  Flight  Program. 

In  another  important  contract  ac- 
tion, Martin  Co.  was  named  by  the 

Atomic  Energy  Commission  to  build  a 
SNAP  11  nuclear-powered  electrical 
generator  for  use  in  NASA's  Surveyor 
spacecraft. 

The  space  agency  announcement 
said  that  the  AT&T  contract  would  give 
NASA  a  broader  base  on  which  to  make 
crucial  decisions  in  Projects  Apollo  and 
Gemini. 

No  money  figure  was  disclosed,  but 
NASA  said  that  some  200  technical, 

scientific  and  management  personnel 
will  work  under  the  contract. 

The  AT&T  organization  to  which 
the  personnel  will  be  assigned  will  work 
directly  with  the  office  of  systems  in 

the  space  agency's  Office  of  Manned 
Space  Flight. 

•  Here  and  now — Main  purpose  of 
the  contract,  NASA  officials  report,  is 
to  give  the  agency  an  immediate  systems 
engineering  capability.  It  will  be  some 

time,  they  point  out,  before  NASA's systems  engineering  office  is  operating 
at  top  efficiency. 

"We  must  find  rapid  solutions  to 
some  of  the  most  complex  technological 

problems   ever   faced,"  Administrator 

James  E.  Webb  declared. 
"We  are  building  the  technical  ca- 

pability in  our  NASA  organization  to 
perform  a  large  part  of  the  system  engi- 

neering studies  we  need.  But  with  this 
contract,  NASA  will  have  the  most 
skilled  and  experienced  specialists  im- 

mediately available  to  help  meet  our 

urgent  time  schedules,"  he  continued. •  Latest  SNAP — SNAP  11—  which 
Martin  will  design,  build  and  ground- 
test — is  the  newest  thermoelectric  device 
for  spacecraft  propulsion.  It  will  weigh 
about  30  lbs.,  including  shielding  to 
protect  spacecraft  instrumentation.  It 
will  provide  a  minimum  of  18.6  watts 

(Continued  on  page  36) 

Russians  Release  Photos  of  Rocket,  Missile  Sub 

THESE  PHOTOS  recently  appeared  in  Red  Star,  and  were 
released  to  the  Western  press.  Picture  at  left  shows  "a  ballistic 

rocket  ready  for  launch."  At  right,  a  "rocket-carrying  submarine 
boat."  No  other  details  were  disclosed. 
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BULLPUP  B'S  on  Navy's  A4D  Douglas  Skyhawk.  It's  reported  new  Skyhawk  will  carry  more  than  three. 

Production  tripled  .  .  . 

Cost-Cutting  Wins  New  Bullpup  Awards 

Martin  trims  cosfs  by  more 

than  two-thirds,  gets  fresh 

orders  including  first  for 

output  of  Bullpup  B 

by  Hal  Taylor 

Orlando.  Fla.  —  Mass  production 
of  the  Bullpup  missile  has  enabled  Mar- 

tin Co.  to  triple  production  while  slash- 
ing costs  by  over  two-thirds. 
As  a  result,  Martin  has  been  awarded 

a  new  contract  for  more  Bullpup  A's 
and  first  production  runs  of  the  Bull- 

pup B. The  award,  announced  last  week, 
runs  through  June,  1963,  and  will  ulti- 

mately be  worth  about  $16  million.  It 
was  disclosed  that  the  air-to-surface 
missile  will  become  standard  armament 
on  four  additional  aircraft.  Numbers 
carried  by  two  other  aircraft  will  be 
increased. 

The  Navy  said  the  Bullpup  will  be 
carried  by  the  Chance  Vought  F8U-2N 
Crusader,  the  McDonnell  F4H  Phantom 
88,  the  Grumman  A2F  Intruder  and 
the  North  American  A3J  Vigilante.  It 
also  was  reported  that  the  new  Douglas 
A4D  Skyhawk  will  carry  more  than  the 
three  Bullpups  carried  by  earlier  versions. 

At  the  same  time,  the  Air  Force 
announced  it  will  increase  Bullpup  ca- 

pacity of  its  Republic  F-105  Thunder- 
chief  from  two  to  four  missiles. 

Ahead  lies  the  promise  of  additional 
production  and  new  contracts.  The  firm 
is  already  developing  several  different 
versions  of  the  nuclear-warhead  Bullpup 
which  the  Air  Force  is  interested  in. 
The  new  missiles  will  have  different 

types  of  guidance  systems  and  missions 
than  the  missiles  now  in  production. 

NATO  is  also  expected  to  utilize 
various  versions  of  the  air-to-surface missile. 

"The  Bullpup  story  is  a  tribute  to 
industrial  preplanning  by  Martin  and 
the  ability  of  the  missile/ space  industry 

to  meet  national  defense  needs,"  accord- 
ing to  Lee  Schaidt,  Martin's  ASM  Pro- gram Director. 
•  Timetable  —  Its  history  verifies 

this.  Research  and  development  on  Bull- 
pups  began  in  1958.  Following  comple- 

tion of  the  test  flight  series,  it  went  into 
limited  production  with  funding  by  the 
Navy.  Later,  the  Air  Force  began  to 
purchase  the  missile. 

On  July  25,  1961,  President  Ken- 
nedy told  a  nationwide  television  audi- 
ence that  the  Berlin  crisis  necessitated 

an  immediate  step-up  in  defense  pre- 
paredness. The  emphasis,  he  said,  would 

be  on  increased  ground  forces  and  tac- 
tical missiles. 

On  Aug.  29,  the  Navy  and  Air 
Force  signed  a  contract  for  accelerated 
production  of  the  Bullpup  A.  Four 
months  later,  Martin  had  tripled  its  out- 

put. Along  the  way  it  also  cut  overall 
production  costs  by  70%  and  man- 
hours  per  missile  by  20%. 

This  is  the  step-by-step  listing  of events: 
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•  President  Kennedy's  speech  July 
25,  1961. 

•  Verbal  request  from  Navy  for  ac- 
celeration plan. 

•  Acceleration  plan  complete. 
•  Vendors  and  subcontractors 

alerted  to  possible  acceleration  plan. 
•  Acceleration  plan  presented  to 

Navy. 
•  Authorization  to  accelerate  Au- 

gust 31,  1961. 
•  Production  schedules  revised  Sept. 

8,  1961. 
•  Vendors  accelerated  Sept.  8,  1961. 
•  Accelerated  deliveries  began  Sept. 

29,  1961. 
•  Peak  rate  achieved  (300%  in- 

crease) Dec.  29,  1961. 
•  Whole  family — Bullpup  is  an  air- 

to-surface  guided  missile  which  includes 
several  different  types  of  systems.  The 
Navy's  Bullpup  A  and  the  Air  Force's GAM83A  are  the  same. 

The  missile  is  11  ft.  long,  1  ft.  in 
diameter  and  delivers  a  250-lb.  conven- 

tional warhead.  Its  range  is  three  to 
six  miles. 

Bullpup  B  is  also  a  Navy  missile.  It 
is  13.6  ft.  long  and  weighs  1785  lbs. 
Its  range  is  3  to  9  miles  and  it  carries 
a  1000-lb.  conventional  warhead. 

The  nuclear  Bullpup  or  GAM83B  is 
a  classified  Air  Force  weapon. 

Bullpup  as  a  weapons  system  has 
two  prime  advantages. 

1.  It  requires  very  little  ground 
support  equipment.  All  Bullpup  ver- 

sions are  delivered  "test  free"  and  can 
be  loaded  on  aircraft  ready  for  firing 
in  about  five  minutes  using  only  normal 
bomb  handling  equipment. 

2.  It  chalked  up  a  90%  reliability 
record.  It  is  launched  more  than  two 
miles  away  from  surface  targets  such  as 
airfield  installations,  trains,  or  truck 
convoys.  Tracking  flares  in  the  tail 
enable  the  pilot  to  follow  the  missile 
while  sending  commands  for  changes 
in  direction  through  a  simple  "up," 
"down,"  "left,"  "right"  switch  in  the 
cockpit.  The  missile  reaches  speeds  near 
Mach  2. 

Bullpup  thus  fits  the  requirements  of 
limited  war  situations.  Aware  of  this, 
Martin  officials  anticipated  the  Navy 
order  for  more  Bullpup  A'%  and  its 
preparations  were  well  advanced  when 
official  word  was  received. 

•  Alternate  sources  key  —  One  of 
the  major  steps  was  a  series  of  field  trips 
to  prepare  the  system's  subcontractors 
for  the  accelerated  effort  and  to  deter- 

mine if  they  were  capable  of  achieving  it. 
When  the  acceleration  order  came, 

subcontractor  output  met  the  produc- 
tion goal  in  45  days. 
"We  whipped  the  problem  by  hav- 
ing at  our  disposal  alternate  sources  of 

supply  among  our  approximately  225 
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MARTIN  engineer  checks  Bullpup  nose. 

subcontractors,"  George  L.  Forest,  pro- 
curement manager,  said. 

"This  gave  us  a  backup  if  one's  pro- 
duction failed.  We  also  used  it  to  in- 

crease competition  and  cut  costs,"  he continued. 
The  field  trips  had  three  primary 

interests,  vendor  tooling,  manufacturing 
procedures  and  sequencing  of  opera- 
tions. 

Another  major  problem  which  had 
to  be  met  was  that  of  "control."  Vernon 
Carre,  manufacturing  manager,  put  it 
bluntly:  "When  you're  going  at  a  high 
rate  of  production,  you  have  to  have 

everything  there  when  you  need  it." The  solution  was  quite  simple.  A 
visual  control  room  was  set  up  in  which 
every  component,  the  amount  needed, 
the  sources,  needed  date,  and  expected 
delivery  date  were  listed. 

GROUP  of  Bullpups  on  production  line. 

Thus,  Martin  personnel  were  able 
to  tell  in  a  matter  of  minutes  just  what 
the  status  of  any  component  was. 

Schaidt  calls  the  Bullpup  program  a 
"team  effort" — one  in  which  the  Navy, 
Martin  and  component  manufacturers 
combined  their  efforts  to  meet  U.S. 
national  defense  needs. 

•  Success  factors — He  cites  the  fol- 
lowing reasons  for  the  tripled  produc- 

tion and  the  large  cost  savings: 
—  "Bullpup  essentially  was  con- 

ceived as  a  highly  reliable  but  simple 
and  low-cost  missile.  Everybody  con- 

cerned made  it  a  fetish  to  stick  by  that 

goal." 

—  "We  used  good  hand  tooling  right 
from  the  beginning  and  they  paid  for 
themselves  in  the  first  few  months.  Spe- 

cial tooling  was  also  used  early,  so  that 
when  the  acceleration  order  came  our 

tooling  was  ready  and  no  major  addi- 
tions or  improvements  had  to  be  made. 

As  a  result,  Martin  spent  only  1.3  per 
cent  of  the  total  value  of  the  accelerated 
production  in  non-recurring  costs  to 

gear  up  for  the  new  schedule." —"We  attempted  to  stear  clear  of 
specialized  components.  As  a  result, 
only  about  10  components  were  spe- 

cially designed  for  Bullpup.  The  rest 
were  'off  the  shelf  items,  and  we  were 
able  to  obtain  them  from  many  different 

vendors." 
—"We  made  a  strong  effort  to  mini- 

mize model  changes.  As  a  result,  they 
are  currently  being  made  on  a  once-a- 
year  basis.  Thus  our  production  line 
does  not  have  to  be  slowed  or  shut  down 
because  of  the  introduction  of  a  new 

model  and  revision  several  times  a  year." 
—"We  set  up  a  good  quality  control 

system  and  made  sure  that  we  and  the 
subcontractors  met  its  goals." 

Cost-cutting  was  also  aided  by  a 
five-day  symposium  last  October,  at- 

tended by  military  representatives  and 
14  manufacturing  firms  involved  in  Mar- 

tin's Bullpup  and  Pershing  programs. 
Earl  R.  Uhlig,  vice  president  of  fi- 

nance for  the  firm,  said,  "This  was  a 
unique  meeting.  Its  mission  was  to  de- 

velop means  of  reducing  costs  of  the 
two  missiles.  Out  of  the  meeting  came 
recommendations  that  amount  to  poten- 

tial savings  of  more  than  $7  million." Martin  is  currently  working  on  three 
contracts  for  Bullpup  production. 

One  is  a  $17-million  contract 
awarded  by  the  Navy  and  the  Air  Force 
for  accelerated  Bullpup  production.  The 
one-year  contract  will  terminate  on 
June  30,  1962. 

The  new  $16-million  contract  cov- 
ers the  following  year  and  calls  for  more 

Bullpup  A  output  as  well  as  the  first 
production  runs  of  the  Bullpup  B. 

The  last  contract  is  a  $2.2-million 
award  for  initial  production  of  the 
nuclear-warhead  GAM  83B  missile.  8 
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About  fifty-billion  dollars  will  be  spent  in  the  next  decade  to  develop 
the  moon  program — 80%  with  industry. 

NOVEMBER  27,  1961  —  MISSILES  AND  ROCKETS  published  its  NASA 
Issue,  an  in-depth  study  of  the  National  Aeronautics  and  Space 
Administration's  programs,  projects,  facilities,  personnel,  and  con- 

tracting procedures — emphasis  centered  on  NASA's  future  material 
and  contract  requirements.  JANUARY  5,1962  —  Over  1,000  single 
copies  ordered  by  companies  and  individuals.  JANUARY  11 ,  19S2 
—  NASA  purchased  60,000  reprints  of  the  editorial  section  of  the 
NASA  issue. 

NOW—  MISSILES  AND  ROCKETS,  for  the  first  time,  offers  companies 
interested  in  doing  business  with  NASA  the  opportunity  to  buy 
reprints  of  the  editorial  section  of  the  NASA  Issue — 1961's  most 
important  and  informative  missile/space  publication. 
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technical  Countdown 

ELECTRONICS 

Lntenna  Pattern  Coordinates  Published 

The  Inter-Range  Instrumentation  Group  at  White  Sands 
ias  recommended  a  standardized  coordinate  system  and 
ata  format  for  representing  antenna  patterns.  The  two  areas 
f  the  project  are  definition  of  a  standard  coordinate  system 
pr  r-f  radiation  pattern  representation,  and  establishment 
f  a  format  for  the  display  of  antenna  patterns  over  the 
ntire  spherical  surface  surrounding  an  antenna. 

PROPULSION 

Variable  Thrust  Units  Fired  at  NOTS 

Units  generating  up  to  20,000  lbs.  of  thrust  in  a  variable 
mode  have  been  fired  by  researchers  at  the  Naval  Ordnance 
Test  Station,  China  Lake,  Calif.  The  test  system  used  four 
NOTS-developed  0-to-5000-lb.  variable  thrust  units,  with 
UDMH  and  fuming  red  nitric  acid  as  the  propulsion  system. 

Alaskan  Early  Warning  System  Bids  Sought 

Letters  of  interest  from  firms  seeking  to  bid  on  the  pro- 
curement of  an  Alaskan  Air  Command  Data  Processing  and 

[Display  System  are  being  opened  by  the  Air  Force  Elec- 
tronic Systems  Division.  The  system  will  supply  accurate 

and  timely  early-warning  information  to  both  NORAD  and 
'Washington.  It  will  consist  of  modified  or  specially  designed 
equipment  aimed  at  speeding  track-data  information  in- 

sertion and  accomplishing  automatic  large-scale  display  of 
radar  data  at  four  NORAD  control  centers. 

New  Glasses  Promise  Advanced  IR  Systems 

Servo  Corp.  has  been  awarded  an  ARPA  contract  on 
long-wave-length  infrared  materials  covering  specific  data 
on  new  infrared  glasses  discovered  by  the  firm.  The  glasses 
are  similar  to  Servo's  arsenic  trisulfide  materials,  but  have 
a  much  wider  range  of  optical  characteristics.  The  new 
glasses  can  transmit  IR  energy  beyond  16  micron  wave 
length  radiation. 

Ruby  Laser  Optical  Characteristics  Revealed 

Physicists  at  the  Navy's  White  Oak  Ordnance  Lab  have 
used  a  high-speed  framing  camera  to  examine  the  charac- 

teristics of  operating  ruby  lasers.  The  red-light  beam  is 
actually  a  series  of  light  bursts,  lasting  about  a  millionth 
of  a  second,  spaced  at  intervals  of  several  millionths  of  a 
second.  The  Navy  group  managed  to  get  82  individual 
frames  during  the  beam  emission  period.  Examination  of 
the  photographs  shows  in  detail  the  nature  of  those  parts  of 
the  crystal  actually  emitting  light,  and  the  activity  as  the 
crystal  changes  from  one  light  burst  to  the  next. 

Accelerometer  Principle  Developed 

;:  Electrocapillarity  can  be  used  to  determine  acceleration 
forces  with  a  sensitivity  of  1  part  in  100,000,  say  graduate 
researchers  at  Case  Institute  of  Technology.  A  positively 
charged  drop  of  mercury  in  a  liquid  under  an  electric  field 
will  migrate  towards  the  negative  pole.  Its  position  can  be 
controlled  through  external  potential.  Such  a  drop  held  sta- 

tionary will  move  with  the  slightest  acceleration.  By  meas- 
uring the  amount  of  potential  needed  to  maintain  the  sta- 

tionary position,  a  correlation  to  actual  acceleration  can 
be  made. 

ADVANCED  MATERIALS 

Thick  Films  Under  Study 

Despite  the  current  thin-film  emphasis  in  computers, 
Remington  Rand  scientists  are  investigating  the  use  of 
thick  films  said  to  offer  higher  output  signals  and  simplify 
the  following  stages.  The  studies  point  to  thick-film  pay- 

offs in  reliability  and  reduced  cost.  This  does  not  mean  the 
company  is  ignoring  thin-film  technology.  It  believes  thin 
films  will  increase  operational  speeds  of  computers  and  also 
cut  costs. 

Leak  Detection  Methods  Funded 

The  University  of  Michigan  will  investigate  under  a 
NASA  contract  methods  of  leak  detection  in  space  vehicles. 
Prof.  L.  E.  Brownell  will  evaluate  current  pre-flight  leak- 
detection  procedures  and  try  to  devise  new  methods  for 
both  pre-  and  in-flight  applications  through  use  of  radio- 

active gases.  Most  promising  is  a  system  designed  around 
krypton  85,  a  readily  available  by-product  of  nuclear  re- 

actor operations.  The  gas  is  a  beta  particle  source,  inert 
and  readily  soluble  in  LOX  and  other  propellant  con- stituents. 

ASTRONAUTICS 

Rendezvous  Contract  Under  Negotiation 

NASA  is  discussing  a  three-month,  $250,000  contract 
with  Chance  Vought  Corp.  to  look  into  space  vehicle 
rendezvous.  The  primary  task  will  involve  a  flight  simula- 

tion study  to  explore  an  astronaut's  ability  to  control  an 
Apollo-type  spacecraft.  Chance  Vought  will  probably  use 
its  new  space  vehicle  simulation  system  (M/R,  Jan.  1,  p.  32). 

Value  Analysis  Moves  into  Europe 

British  missile/space  firms  will  be  among  those  attend- 
ing a  seminar  on  value  analysis  in  London  during  April. 

The  cost-reducing  management  program,  so  successfully 
used  by  U.S.  defense  firms,  is  being  exported  by  Value 
Analysis,  Inc.,  a  New  York  management  consulting  firm. 
The  seminar  will  be  the  start  of  a  large-scale  cost  reduction 
program  in  British  industry. 
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space  support 

New  System  To  Vastly  Improve  Accuracy 

Motorola  will  perform  R&D,  deliver  and  install  three 

stations  under  $3.3-milHon  award;  acquisition  in  under  2  min. 

THE  NEW  Goddard  Range  and 
Range  Rate  Tracking  System  is  expected 
to  provide  at  least  an  order-of-magni- 
tude  increase  in  tracking  accuracy  over 
the  present  Minitrack  system. 

Extensive  studies  performed  over  the 

last  year  by  scientists  at  NASA's  God- dard Space  Flight  Center  have  further 
resulted  in  a  system  which  designers 
believe  will  minimize  carrier  power 
needs  from  vehicles  up  to  lunar  ranges, 
reduce  received  noise,  and  simplify 
satellite-borne  tracking  subsystems. 

A  conservative  estimate  is  that  total 
acquisition  time  will  be  less  than  2 
minutes.  For  earth-orbital  and  cislunar 
distances,  a  resolution  of  ±15  meters 
in  range  and  ±0.1  meter  sec.  in  range 
rate  will  be  obtainable,  Goddard  offi- 

cials say. 

In  January,  Motorola's  Western  Mil- itary Electronics  Division  in  Scottsdale. 
Ariz.,  was  selected  to  develop  and  build 

the  system.  Under  a  $3.3-million  con- 
tract, Motorola  will  perform  the  R&D 

and  deliver  three  complete  air-trans- 
portable ground  tracking  stations,  as 

well  as  three  flight  transponders  and 
associated  electronics,  and  install  the 
stations  at  prepared  sites. 

A  key  element  in  the  multiple-tone 
ranging  system  will  be  the  transponder. 
Being  designed  especially  for  this  track- 

ing application,  it  is  intended  to  oper- 
ate with  these  simultaneous  interroga- 

tions from  the  independent  ground 
stations.  A  design  goal  is  to  eliminate 
the  detection  process  in  the  flight 
vehicle. 

Transponder  design  is  by  Motorola. 
Program  manager  for  the  company  is 
James  Kirch.  Initial  system  design  was 
conceived  at  Goddard  by  E.  J.  Habeb, 
G.  C.  Kronmiller,  Jr.,  P.  D.  Engels,  and 
H.  J.  Franks,  Jr. 

System  development  installation  and 

Acquisition  Array  (150  136Mc i  i  i 
Auto 

14-ft.  Dish  (S-Band  1700mc) 

Track  Loop 

Simplified  Block  Diagram  of  Overall  Range  &  Range  Rale  Ground  System 
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test  are  under  the  direction  of  C.  A 

Schroeder,  chief  of  Goddard's  Tracking 
Systems  Division. 

•  Better  accuracies  needed — Satellite 
tracking  in  the  past  was  characterized 
primarily  by  a  lack  of  electrical  power 
— both  for  experimental  equipment  on- 

board and  for  space-to-ground  com- 
munications and  tracking  signals. 

Optical  tracking,  although  it  pro- 
vided satisfactory  accuracies,  has  been 

hampered  by  insufficient  light  (even 
when  self-generated)  and  by  vagaries 
of  the  earth's  weather. 

Slowly,  new  concepts  in  radio-fre- 
quency tracking  evolved.  Most  suc- 

cessful to  date,  NASA  reports,  is  the 
use  of  the  interferometer  principle  to 
measure  angular  position  range.  The 
global  Minitrack  network  is  a  multi- 

station interferometric  tracking  system. 
With  a  sufficient  number  of  measure- 

ments from  several  Minitrack  sites  and 
the  use  of  a  good  computer  program, 
flight  paths  of  orbital  vehicles  can  be 
calculated  and  used  to  predict  spatial 
position  with  respect  to  time. 

At  present,  NASA  can  establish  sat- 
ellite angular  position  with  respect  to 

almost  any  particular  global  location  up 
to  24  hours  in  advance  to  an  accuracy 

better  than  0.01°. 
Today,  however,  there  is  an  ever- 

increasing  need  for  higher  accuracies. 
For  better  control  over  manned  and 
instrumented  flights,  for  better  under- 

standing of  the  earth's  gravitational  field, and  for  expanding  our  knowledge  of 
extraterrestrial  influences,  there  is  a'n 
urgent  demand  for  the  best  obtainable 
data. 

•  The  Goddard  system — Studying 
the  several  tracking  methods  available, 
NASA  scientists  felt  that  the  most  eas- 

ily instrumented  would  be  one  using 
Doppler  and  range  techniques  as  a  sup- 

plement to  interferometer  techniques. 
Thus,  range  will  be  determined  di- 
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Tracking 

by  Charles  D.  LaFond 

Simplified  Block  Diagram  of  Satellite  Transponder 

rectly  by  measuring  phase  delay  in  the 
received  signal;  velocity  will  be  meas- 

ured directly  by  frequency  change  be- 
tween the  transmitted  and  received  sig- 

nal. 
Essentially,  the  system  as  presently 

conceived  will  consist  of  three  ground 
locations  at  appropriate  points  around 
the  earth 

It  is  capable  of  three  operating 
modes: 

1.  For  missions  requiring  early  orbit 
determinations,  three  stations  having 
300-500-mile  base  lines  will  be  em- 

ployed. Tracking  will  be  simultaneous. 
2.  For  highly  eccentric  orbits  or 

lunar-distance  probes,  a  120°  global 
spread  will  be  used — to  permit  sequen- 

tial but  continuous  tracking. 
3.  Single-station  track  can  be  used 

— particularly  after  establishment  of  ini- 
tial orbital  characteristics. 

Each  ground  station  will  consist  of 
two  30-ft.  equipment  vans,  autotrack 
and  antenna  systems,  power  system,  and 
individual  timing  system,  teleprinter 
comunications,  and  communications  an- 
tennas. 

The  antenna  system  will  carry  an 
antenna  array  for  the  150/1 3  6-mc  ac- 

quisition and/or  ranging  system  and  a 
14-ft.  paraboloidal-reflector  antenna  for 
the  S-band  range  and  range  rate  system. 

Trie  flight  vehicle  will  carry  a  Mini- 
track  beacon,  the  Motorola  transponder, 
and  associated  electronics. 

A  major  goal  has  been  to  make  the 
tracking  system  as  foolproof  as  possible, 
by  simplifying  both  satellite-borne  and 
ground  equipment.  Overall  cost  reduc- 

tion has  been  secondary  but  important. 
The  Minitrack  beacon  will  be  used 

for  initial  vehicle  acquisition.  The 
ground  array  will  be  slaved  to  the  R&RR 
dish.  A  shaft  encoder  coupled  with  the 
latter  antenna  will  direct  angle  infor- 

mation to  the  recorder  (see  the  system 
block  diagram). 

After  vehicle  lock-on,  the  R&RR 
transmitter  will  produce  a  reference  car- 

rier plus  sideband  pairs,  obtained  by 
frequency-modulating  the  carrier  with 
several  harmonically  related  sidetones. 

Sidetones  employed  (from  a  1-mc 
ultrastable  oscillator)  will  be  100  kc, 
20  kc,  4  kc,  800  cps,  160  cps,  and  32 
cps.  The  oscillator  required  must  be 
accurate  to  5  parts  in  1010  day. 

The  lowest  frequency  produced  will 
be  divided  further  to  provide  both  a 
range  and  Doppler  reference  of  8,4,2,1 
cps.  The  reference  pulses  will  be  syn- 

chronized with  WWV  and  initiate  count- 
ing of  100  mc  by  a  Time  Interval  Unit. 
Using  digital  techniques,  the  highest- 

frequency  (100  kc)  phase  delay  to  and 
from  the  satellite  will  be  measured  to 
an  accuracy  of  1%  (15  meters).  The 
lower  frequencies  can  be  used  to  re- 

solve the  ambiguity  of  how  many  whole 
cycle  delays  have  occurred. 

The  transmitter  carrier  is  to  be  used 
for  performing  the  range  rate  measure- 

ment. It,  too.  will  be  derived  from  the 
same  stable  oscillator  used  to  obtain 
the  sidetones. 

Specific  frequencies  have  not  yet 
been  assigned;  however,  the  transmit- 

ted signals  from  the  ground  stations  will 
be  in  the  S-band. 

The  satellite  receiving  subsystem  of 
the  transponder  will  be  capable  of  han- 

dling transmissions  from  as  many  as 
three  ground  stations  simultaneously. 
Frequency  separation  of  about  1  mc  is 
required. 

So  far,  the  particular  flight-antenna 
type  has  not  been  determined.  Under 
study  now,  the  necessary  antenna  prob- 

ably will  be  a  directional  type,  but  not 
necessarily  high-gain. 

Incoming  signals  will  be  amplified 
by  the  transponder,  and  each  will  be 
translated  to  a  different  part  of  the 
spectrum  via  mixers  and  band  pass 
filters. 

Total  gain  derived  by  the  signals 
during  processing  will  nearly  equal  the 
attenuation  over  the  propagation  path. 
Also,  transponder  design  is  such  that  its 
transmitter  is  always  operating  at  full 
power  even  during  acquisition. 

After  frequency  translation  the  three 
signals  are  to  be  directed  to  a  modu- 

lator, which  serves  as  a  summing  ampli- 
fier, and  mixed  with  the  output  of  the 

offset  oscillator.  The  summing  process 
provides  a  strong,  clean  signal  to  the 
transmitter.  Outputs  from  the  transmit- 

ter to  ground  will  be  in  the  range  of 
1700-1710  mc.  Carriers  plus  sidebands 
will  be  received  in  the  range  and  range 
rate  receivers. 

Initial  mixing  with  the  transmitted 
reference  carrier,  and  phase-locking  of 
the  receiver  to  the  carrier,  will  result 
in  a  difference  frequency  which  equals 
that  of  the  transponder  local  oscillator, 
plus  the  total  carrier  Doppler  shift,  plus 
the  Doppler  shift  of  the  transponder  lo- cal oscillator  frequency. 

After  signal  processing  in  the  re- 
ceiver, the  Doppler  extraction  and  the 

separated  sidetones  can  be  directed 
through  the  R&RR  analog/digital  equip- ment. 

Finally,  digital  outputs  from  the 
range  and  the  Doppler  time  interval 
units  will  be  multiplexed  with  the  dig- 

ital clock  output  and  then  punched  on 
two  separate  teleprinter  punch  units. 

Readout  of  time,  range,  range  rate, 
and  angular  data  will  be  produced  at 
the  rate  of  1  reading/sec.  or  at  a  higher 
rate  of  8/sec.  Punched  tapes  will  then 
be  ready  for  relaying  the  data  by  stand- 

ard teleprinter  to  the  Goddard  com- 
puting center. 

System  accuracy,  the  designers  as- 
sert, will  be  limited  only  by  resolution, 

unknowns  of  the  propagating  medium 

and  our  present  knowledge  of  the  velo- 
city of  light.  ♦* 
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sounding  rockets 

'Astrobee'  Family  Follows  Aerobees 

Space-General  Corp.'s  new  line  of  unguided 
solid-fueled  vehicles  proposed  for  probe  projects 

by  Richard  van  Osten 

Glendale,  Calif. — A  new  family 
of  high-altitude  sounding  rockets  has 
been  developed  by  Space-General  Corp. 
as  a  follow-on  to  the  successful  but  now 
15-year-old  Aerobee  series. 

Designated  "Astrobee,"  the  new  line 
was  first  used  in  geodetic  experiments 
by  the  Air  Force  Cambridge  Research 
Laboratory  in  late  December  with  the 
launch  of  an  Astrobee-1500  from  the 
Point  Arguello,  Calif.,  Naval  Missile 
Facility. 

The  payload  consisted  of  three 
flares  to  be  released  before,  at,  and  dur- 

ing the  vehicle's  apogee.  Special  cam- eras at  several  stations  photographed 
the  flare  bursts,  and  the  resulting  photo 
data  is  being  analyzed  in  order  to  deter- 

mine each  camera  site  location  with 
greater  precision. 

A  more  recent  Astrobee  shot  was  that 
of  an  Astrobee-200  from  Eglin  AFB. 
Fla.,  in  a  vehicle  performance  test. 

Currently,  there  are  three  basic  ve- 
hicles in  the  Astrobee  series:  the  200, 

250,  and  1500.  The  number  approxi- 
mates the  altitude  in  miles  within  the 

vehicle's  basic  capability  with  a  nomi- nal payload.  But  other  than  mission, 
there  is  little  similarity  between  the 
Astrobee  and  its  Aerobee  predecessor. 

•  The  family — -All  Astrobees  are 
unguided,  fixed-fin,  rail-launched,  two- 
stage  solid-propellant  rockets  basically 
identical  in  concept  and  design.  Again, 
the  primary  differences  are  in  each  ve- 

hicle's capabilities. 
The  Astrobee-1500  has  a  payload 

range  of  from  50  to  300  lbs.,  and  an 
altitude  capability  of  over  1500  statute 
miles,  depending  upon  mission  require- 
ments. 

Overall  length  of  the  1500  is  31.5 
ft.  First-stage  length  is  19.9  ft.,  and 
second-stage  length  is  10.6  ft.  Payload 
section  of  the  second  stage  is  4.9  ft. 
long,  and  has  a  capacity  of  6.1  cu.  ft. 
Diameter  of  the  first  stage  is  31  in. — 
of  the  second  stage,  20.5  in.  The  latter 

diameter  remains  constant  through  the 
payload  section. 

The  first-stage  propulsion  unit  actu- 
ally has  three  solid-rocket  motors.  The 

primary  motor  is  an  Aerojet  Junior 
(28KS-57,000)  developing  over  50,000 
lbs.  thrust.  The  motor  case  is  fabricated 

by  the  'Aerowrap"  process — a  wrapped 
and  bonded  steel  covered  with  a  plastic. 
Forward  and  aft  closures  are  4130  steel. 

Nozzle  housing  is  H.  I.  Thompson's 
"Refrasil"  phenolic  with  a  graphite 
throat.  Propellant,  an  Aerojet  proprie- 

tary development,  is  internal  burning 
with  a  six-point  star  core. 

Attached  to  the  first-stage  motor  are 
two  Thiokol  Recruits  ( 1.52KS-33.500). 

ASTROBEE-1500  in  hunch  position  at 
Naval  Missile  Facility,  Pt.  Arguello. 

In  a  launch  operation,  the  Junior  is 
ignited  first.  A  motion  sensing  switch 
ignites  the  two  Recruits  0.1  sec.  later. 
The  Recruits  burn  for  2.5  sec.  Total  first 

stage  burn  time  is  40  sec,  and  a  maxi- 
mum velocity  of  Mach  6.0  is  achieved 

at  first-stage  burnout. 
Following  burnout,  there  is  an  8-sec. 

"coast"  period.  At  the  end  of  this  time, 
three  Atlantic  Research  Corp.  spin 
motors  (1.0KS-210)  attached  to  the 
interstage  area  are  ignited  and  the  sec- 

ond stage  is  spun  up  to  10  revolutions 

per  second. At  this  point,  the  second  stage  is 
still  within  the  nose  fairings  of  the  first 
stage.  At  T+49.5  sec,  the  nose  fairings 
open  15°  and,  at  T+50  the  second 
stage  is  ignited. 

Second  stage  for  the  1500  is  the 
Aerojet  Alcor  (30KS-800O)  which  is 
also  used  on  Blue  Scout  Jr.  and  the 
Astrobee-200.  The  Alcor  produces  over 
8000  lbs.  of  thrust  for  30  sec,  and  has 
a  mass  ratio  of  0.91.  It  was  developed 
under  an  Air  Force  contract  at  Aero- 
jet's  Solid  Rocket  Plant,  Sacramento, 
Calif.,  and  is  designed  specifically  for 
high  performance  in  the  20-to-60-mile altitude  range. 

After  first-stage  burnout,  vehicle 
weight  is  approximately  3500  lbs.  The 
second-stage  case  and  payload  do  not 
separate.  A  standard  NASA  separation 
diaphragm  is  used  between  first  and 
second  stage.  No  heat  shielding  or  insu- 

lation is  used  on  the  second  stage.  To 
date,  there  is  no  requirement  for  it,  and 
the  additional  weight  could  affect  both 
payload  capability  and  altitude  per- formance. 

•  Recovery  possibility — Astrobees 
normally  are  not  designed  for  payload 
recovery.  If  the  need  arises,  however, 
Space-General  engineers  say  that  al- 

though it  would  be  necessary  to  develop 
a  re-entry  body,  the  basic  Aerobee  re- 

covery system  which  was  successful  in 
over  50  recoveries  could  be  adapted 
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rather  easily.  Design  of  a  re-entry  body 
poses  some  problems  in  that  it  might 
have  some  effect  upon  the  payload 
package  section. 

The  Astrobee-200  is  similar,  al- 
though it  uses  a  Nike  booster  as  a  first 

stage  and  the  Alcor  as  a  second.  The 
200  is  28-ft.-long  with  a  diameter  vary- 

ing from  15  to  20  in.,  and  is  capable  of 
boosting  a  payload  of  165  lbs.  to  182 
statute  miles. 

Third  of  the  present  family,  the  250, 
is  best  described  as  the  1500  minus  the 
second-stage  motor.  It  has  been  de- 

signed to  carry  payloads  ranging  from 
400  to  1300  lbs.,  and  uses  the  entire 
second-stage  section  of  the  1500  for 
payload  area. 

Development  of  the  new  series 
began  in  late  1960.  First  flight  test  of 
the  1500  was  made  in  August,  1961. 
with  something  less  than  success.  After 
slightly  over  22  sec.  of  flight,  the  vehicle 
broke  up  in  a  violent  maneuver.  Exami- 

nation of  the  debris  brought  the  con- 
clusion that  the  first-stage  nozzle  insert 

had  burned  through  due  to  excessive 
erosion.  The  burn-through  allowed  ex- 

haust gases  to  ignite  the  stabilizing  fins, 
which  also  burned  partially  away,  caus- 

ing a  loss  of  stabilization. 
•  Problem  solved — The  Solid 

Rocket  Plant  conducted  a  heat-transfer 
analysis  of  the  15°  half  angle  nozzle — 
concluding  that  a  refractory  coating  of 
zirconium  oxide  (Rokide  Z)  would  cor- 

rect the  problem.  Tests  proved  the 
analysis  and  solution  to  be  correct. 

Space-General  is  considering  some 

PROJECT  CAMBRIDGE  payload  being  installed  on  the  Astrobee-1500  at  NMF,  Pt. 
Argaello.  Nose  fairing  for  second  stage  is  in  handling  cradle  in  foreground. 

additional  changes  which  would  sim- 
plify vehicle  operational  use.  One  is  the 

possibility  of  reducing  the  spin  rate 
down  from  10  rps  to  about  2  rps.  This, 
they  believe,  could  make  the  vehicle 
more  flexible  in  payload  use.  Some  pay- 
loads  for  which  the  Astrobee-1500  has 
been  proposed,  for  example,  are  not 
and  cannot  be  economically  designed  to 
take  even  the  10  rps  spin  rate  loadings. 

Some  studies  are  under  way  to  elimi- 
nate the  spin  motors  completely,  and 

additional  flight  tests  will  be  conducted 

to  determine  if  the  "coast"  period  can be  extended.  There  is  also  development 
work  on  an  operational  stage  that  would 
not  be  spun  at  all. 

Other  studies  include  the  possibili- 
ties of  using  Aerowrap  techniques  for 

the  second  stage  and  4130  steel  for  the 
entire  first  stage. 

The  Astrobee  series  has  been  pro- 
posed for  several  probe-type  projects  in 

the  near  future,  and  Space-General  be- 
lieves it  has  another  off-the-shelf  family 

with  as  lon»  a  future  as  the  Aerobees.  *♦ 

Design  Dimensions — Nominal 

ITEM 
DIMENSION 
(inches) 

Vehicle Length 377.9 

First  Stage Diameter 37.0 
Length 239.3 

Second  Stage Diameter 20.5 
length 127.2 

Second  Stage, 
Payload  Section 

Diameter 
Length 

20.5  max. 

58.77 
First  Stage  Fins  (4) Airfoil  shape 

Semi-span 
Root  chord 
Tip  chord 
Sweep  angle 

{leading  edge) 
Sweep  angle 

[Trailing  edge) 

Single  wedge  with 
constant  8  section 

44.00 
50.00 
31.40 

45° 

30° 

Adjustment — each  side 
of  0.5°  cant 

.25° 

Aspect  ratio 2.76 

Second  Stage  skirt Major  diameter 28.03 
Area  ratio 1.87 
Cone  half  angle 

10° 

Propulsion  Ratings  [Nominal) 
For  Astrobee  1500  Propulsion  Subsystems  and  Spin  Rockets 

Parameter 

lst-stage 

[Junior) 
28  KS-57000 
(50°F,  sea level) 

lst-stage 

(Recruit) 
1 .5  KS-35000 

(60  °F,  sea level,  one motor) 

2nd-stage 

(A/cor) 
30  KS-8000 

(68°F, 
vacuum) 

2nd-sfage 

Spin  Motor 1  KS-210 

(70° F, 
vacuum) 

Average  thrust, 
pounds  farce 57,870 35,970 8,460 

162 
Total  impulse, 

pounds  force-sec 1,681,680 59,090 243,400 

259 

Average  specific 
impulse,  sec 227 220 

279 

254 Total  burning 
time,  sec 40.15 2.40 30.07 

7.6 

Average  chamber 
pressure,  psia 431.5 

7,644 
464 625 

Thrust 
coefficient 

1.596 
(vacuum) 7.572 1.747 7.857 

Nozzle 
expansion  ratio 6.46:7 7.7:7 27.6:7 

(average) 25.5:7 

Nozzte  exit 
area,  sq  ft 3.08 0.77  3 7.500 

(average) .0202 
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"WE  WILL 

BUILD 

AROUND 

TOP-GRADE 

TECHNICAL 

TALENT" E.  G.  UHL.  President, 
Fairchild  Stratos  Corporation 

Can  a  simple,  straightforward 
statement  capture  the  spirit  of 
a  complex  and  dynamic  situation  ? 
We  believe  it  can. 

Today,  the  revitalized  divisions 
comprising  Fairchild  Stratos  are 
not  static,  crusted  organizations. 
They  are  living,  growing,  achiev- 

ing forces  of  human  thought  and 
energy.  There  is  a  new  and 
growing  boldness  and  vision,  a 
deep  personal  involvement,  and 
a  basic  sense  of  ''becoming". Across  many  disciplines,  through 
each  location,  in  a  sound  diver- 

sity of  important  programs,  there 
are  these  common  hallmarks: 
•  True  technical  excellence  which 
comes  from  talented  individ- 

uals and  small  elite  groups 
rather  than  massive  mediocrity. 

•  Involvement  of  technically  in- 
sightful management  at  primary 

points  of  decision,  day  to  day. 
•  Recognition  and  reward  of  fop individual  contributors  who  are 
challenged  and  stimulated  to 
truly  professional  creativity. 

•  Aggressive  program  direction, evaluation  and  control. 

advanced  materials 

/ 
This  Is  Fairchild  Stratos.  A  grow- 

ing and  dynamic  complex  of 
talented  individuals.  Fully  inte- 

grated small-to-medium  sized 
divisions  large  enough  for  major 
primes,  small  enough  for  state- 
of-the-art  subs.  The  result  is  a 
whole  that  is  greater  than  and 
different  from  the  sum  of  its  parts. 

HAGERSTOWN  MO. 
Divisions : 
Aircraft-Missiles 

Hagerstown,  Md. 
Aircraft  Service 

Saint  Augustine,  Fla. 
Electronic  Systems 

Wyandanch,  L.I.,  N.Y. 
Stratos 

Bay  Shore,  LI.,  N.Y. 

W-C  Parts  Formed 

by  John  F.  Judge 
PARTS  COMPOSED  of  tungsten 

and  graphite  in  intimate  contact  are 
being  formed  in  a  unique  hot-pressing 
process  at  Haynes  Stellite  Company, 
Division  of  Union  Carbide  Corp. 

Experimental  nozzles  fabricated  by 
the  method  have  withstood  exhaust  tem- 

peratures upward  of  6200°  F  with  no 
apparent  erosion. 

The  process  consists  of  pressing 
tungsten  powder  into  the  desired  shape 
using  male  and  female  graphite  dies. 
The  dies  themselves  become  an  integral 
part  of  the  structure. 

For  example,  in  a  nozzle  configura- 
tion, the  inside  graphite  is  machined 

out  together  with  a  minimum  amount 
of  tungsten.  The  outside  die  remains  a 
part  of  the  piece  and  serves  as  a  heat 
sink. 

Boundary  layers  of  stable  oxides 
and  carbides  have  been  used  to  avoid 
low-melting  eutectic  formation  with  the 
accompanying  hot-spot  generation.  Test 
firings  have  shown  that  this  may  not 
be  necessary. 

•  Cuts  machining — The  process 
eliminates  a  great  deal  of  the  tungsten 
machining  normally  associated  with 
such  configurations.  Haynes  Stellite 
metallurgists  see  no  inherent  limitations 
in  the  process  with  regard  to  scale-up. 
A  50-ton  hydraulic  press  is  currently 
being  used  in  the  experimental  program. 
A  2000-ton  press  is  available  and  has 

GRAPHITE  INNER  DIES 1  | 

TUNGSTEN 
GRAPHITE  OUTER  DIE 

D1E-WORKP1ECE  CUTAWAY  illustrates 
Haynes  Stellite  approach  to  hot-pressing 
tungsten  bodies  intimately  with  graphite. 

been  used  successfully  on  a  limited  pro- 
duction basis. 

Parts  are  formed  at  elevated  tem- 
peratures. The  apparatus  is  set  up  in  a 

standard  hydraulic  press,  and  induction 
coils  form  the  heating  elements. 

Ram  travel  is  predetermined  by  the 
desired  density,  and  force  depends  on 
the  configuration.  The  die-workpiece 
combination  is  maintained  in  an  inert 
atmosphere.  Pressure  and  temperature 
rises  are  incremental,  and  there  is  a  final 
hold-time  at  maximum  temperatures. 

Haynes  Stellite  metallurgists  can 
control  the  density  of  the  tungsten  com- 

LEFT:  Tungsten- 
graphite  nozzle  takes 
shape  after  the  ma- chining operation. 
The  graphite  section normally  remains  as 

part  of  the  finished 

piece. 
RIGHT:  Process  was 
developed  on  this 
small  hydraulic 

press.  Induction  heat- 
ing apparatus  is  visi- ble in  the  press  work 

area. 
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MISSILE -  SPA CE 

Hot  Pressing 

ponent.  This  is  determined  by  the  eod 
application  of  the  part.  Current  densi- 

ties range  between  91  and  95%. 
Compacting  of  the  tungsten  powder 

can  be  increased  with  surface  activators. 
This  consists  of  mixing  with  the  tung- 

sten powdered  metals  such  as  nickel, 
in  amounts  small  enough  to  have  no 
effect  on  the  strength  of  the  tungsten. 

The  firm's  specialists  say  there  are  a number  of  methods  for  improving  the 
properties  of  hot-pressed  tungsten. 

Haynes  Stellite  has  been  active  in 
the  hot-pressing  area  since  1948.  The 
first  applications  of  hot  pressing  were 
in  armor-piercing  shells.  Thus  far,  the 
largest  hot-pressed  pieces  fabricated  on 
its  production  equipment  have  been 
16.5  in.  in  diameter. 

The  Division's  idea  of  using  a  com- 
posite, intimately  bonded,  tungsten- 

graphite  nozzle — obtainable  by  suitable 
graphite  die  design  for  the  hot-pressing 
operation — was  further  developed 
through  a  project  sponsored  by  Aero- 

jet-General Corp. 
After  trying  various  alloying  ap- 

proaches. Haynes  Stellite  hit  on  the  idea 
of  graphite  dies.  The  most  difficult  part 
of  the  process  is  the  die  design.  The 
correct  density  of  the  tungsten  nozzle 
liner  is  achieved  through  die  engi- 
neering. 

Division  experts  say  geometries 
other  than  simple  cylinders  and  nozzles 
are  conceivable,  but  care  must  be  taken 
in  choosing  the  suitable  configuration.  ~ 

ENGINEERS  and  SCIENTISTS 

The  Aircraft-Missiles  Division  needs  excep- 
tional talent  to  spearhead  accelerated  growth  into  selected, 

key  aerospace  areas  such  as  satellite  and  reentry  systems, 
reconnaissance-surveillance  systems,  communications  and  power 
for  space  applications,  and  advanced  missile  systems. 

ADVANCED  SYSTEMS  ENGINEERING 

Manpower  Requirements — College  graduates  with  4-10  years 
increasingly  more  responsible  experience  in  depth  in  space, 
reentry  vehicle  and  satellite  programs  in  control  systems,  guid- 

ance systems,  sensor  systems,  communications  systems,  pro- 
pulsion systems,  data  systems,  computers  (airborne'!,  vehicle systems  (reentry  and  space  j,  recovery  systems,  command  systems. 

SYSTEMS  ENGINEERING 

Manpower  Requirements — College  graduates  with  5-10  years 
increasingly  responsible  experience  in  depth  the  last  several 
years  of  which  must  have  been  in  systems  engineering  in  one  or 
more  of  the  following  areas — control  systems,  guidance  systems, 
sensor  systems,  communications  systems,  propulsion  systems, 
data  systems,  computers  (airbornel,  vehicle  systems  (reentry 
and  space),  recovery  systems,  command  systems. 

ELECTRONICS  ENGINEERING 

Manpower  Requirements — College  graduates  with  4-10  years 
progressively  more  responsible  experience  in  depth  preferably 
as  related  to  ballistic  missiles,  space  and  reentry  vehicles, 
satellites  and  associated  systems  in  such  areas  as  data  systems, 
radar,  telemetry,  tracking  equipment,  sensor  equipment,  guid- 

ance (command  and  inertialj,  control,  computers,  ground  sup- 
port equipment. 

ENGINEERING  TECHNOLOGIES  

Manpower  Requirements — College  graduates  with  3-10  years 
of  increasingly  more  responsible  experience  demonstrating  abil- 

ity to  handle  problems  in  one  or  more  of  the  following  areas — 
heat  transfer-fluid  flow,  orbital  mechanics,  trajectory  analysis, 
aerophysics,  magneto  hydrodynamics,  applied  mechanics,  aero- 
thermodynamics,  space  dynamics,  numerical  analysis,  calculus 
of  variations,  statistics  and  information  theory. 

DESIGN  ENGINEERING  

Manpower  Requirements — College  graduates  with  5-10  years  of 
progressively  more  responsible  and  complex  subsystem  design 
experience  and  demonstrated  excellence  of  capacity  in  handling 
such  assignments  in  one  or  more  of  the  following  areas — 
propulsion,  servomechanisms,  vehicle  structures,  space  power 
systems,  electrical  power  and  distribution,  recovery  systems, 
ground  support  equipment  and  environmental  control. 
For  prompt  information  regarding  these  openings,  inquire  of  C.  A. 
Webb,  Jr.,  Manager,  Professional  Relations 

I 
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AIRCRAFT —  MISSILES  DIVISION 
H  AGE  R  ST  O  W  N    17,    MD  . 

An  equal  opportunity  employer 
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The  high  mass-ratio  solid  motor  is  one  of  our  major  interests  at  Lockheed  Propulsion  Company.  We  pio- 

neered the  first  very  high  mass-ratio  motor  with  the  development  of  the  Vanguard's  third  stage.  Since  then 

we've  fired  motors  with  mass  fractions  in  the  high  0.80s— and  we're  shooting  for  0.95  and  up.  To  get  a  super- 

light  motor  shell  for  the  Air  Force  we're  now  using  a  unique  filament-winding  process.  Lockheed  Propulsion 
is  also  involved  in  a  wide  range  of  other  solid  projects:  120-inch  segmented  big  boosters;  relatively  small,  but 

extremely  reliable,  off-the-shelf  motors  for  sounding  and  sleds;  hybrid  motors  for  a  number  of  applications  that 

call  for  0-1 00%  control  of  thrust;  advanced  propellant  research  which  includes  the  development  and  successful 

firing  of  Polycarbutene  R  and  Nitroplastisol.  LOCKHEED   PROPULSION  COMPANY 
REDLANDS,  CALIFORNIA  •  A  SUBSIDIARY  OF  LOCKHEED  AIRCRAFT  CORPORATION 



space  electronics 

Radar/Beacon  Proposed  for  Rendezvous 

Modified  version  oi 

by  Cutler-Hammer  would 

Melville,  L.I.,  N.Y.  —  A  light- 
weight and  low-power  radar,  originally 

developed  for  Army  field  combat  sur- 
veillance use,  is  now  being  proposed  for 

spacecraft  orbital  rendezvous  and  dock- 
ing missions. 
The  basic  rendezvous  system  con- 

sists of  a  30-lb.  Ku-band  pulsed  acquisi- 
tion and  track  radar — a  modified  ver- 
sion of  an  Army  field  radar  now  in  serv- 
ice test;  and  a  5-lb.  omni-directional 

beacon — also  using  repackaged  Army 
radar  components. 

Both  the  Army  system  and  the  modi- 
fied spacecraft  version  were  developed 

here  by  the  Airborne  Instruments  Lab- 
oratory division  of  Cutler-Hammer,  Inc. 

A  team  of  engineers  from  AIL  re- 
cently presented  technical  details  on  the 

spacecraft  system  to  North  American 
Aviation,  prime  contractor  for  NASA's 
Apollo  manned  lunar  project.  The  com- 

pany is  also  expected  to  propose  the 
system  to  the  firm  which  wins  the  still- 
to-be-announced  Apollo  lunar  landing 
module  competition.  Other  projects  be- 

ing eyed  by  AIL  for  this  system  include 

;  Army  field  radar  developed 

have  total  weight  of  35  lbs. 

the  Air  Force  Dyna-Soar  and  Saint 

programs. In  the  AIL  system,  the  rendezvous 
radar  installed  in  a  "pursuit"  vehicle  is 
reportedly  capable  of  acquiring  and 
tracking  the  beacon  signals  from  a  sec- 

ond spacecraft  in  a  "parked"  orbit  at 
ranges  up  to  1000  miles,  and  supplying 
continuous  range,  range-rate,  angle,  and 
angular-rate  outputs  to  a  pilot  display  or 
automatic  system  throughout  the  orbital 
transfer  maneuver. 

•  Possible  mission  profile — Though 
very  little  is  firm  concerning  how  the 
particular  transfer  maneuver  will  be 
made,  AIL  in  its  informal  proposal 
assumes  that  the  pursuit  vehicle,  carry- 

ing the  main  radar,  will  be  in  a  100- 
mile-high  earth  orbit,  with  the  parked 
spacecraft  in  a  300-mile-high  path.  Ac- 

tual acquisition  range  in  this  situation 
would  probably  be  on  the  order  of  600 
miles. 

The  rendezvous  radar,  once  locked 
on  the  beacon  signals,  would  reportedly 
continue  supplying  data  to  a  point 
roughly  between  1  and  4  miles  in  front 

by  Michael  Getter 

of  the  parked  vehicle,  with  the  joining 
spacecraft  closing  at  initial  velocities  of 
between  5  and  10  fps. 

At  this  point,  the  docking  instru- 
mentation is  activated — supplying  final 

range,  range-rate,  and  three-axis  tilt  and 
rotational  information  by  CW  doppler 
and  phase  measurement  techniques  until 
actual  contact  is  made  between  the  two 
craft. 

Total  equipment  weight  of  the  three 
systems  required  for  the  final  docking 
maneuver  is  20  lbs.  in  the  pursuit  ve- 

hicle and  9  lbs.  in  the  parked  craft. 
The  rendezvous  radar  is  also  in- 

tended to  supply  altitude  information 
during  launch  and  earth  orbit,  and,  if 
located  in  the  lunar  landing  capsule, 
also  during  actual  descent  to  the  lunar 
surface.  The  system's  altitude  measure- 

ment capabilities  are  reportedly  ac- 
curate to  within  100  ft.  of  the  surface. 

The  rendezvous  of  the  lunar  landing 
module  with  the  parent  ship  parked  in 
a  lunar  orbit — probably  at  a  lower  alti- 

tude than  an  earth  orbit — would  be 
basically  the  same  as  that  used  to  get 

RENDEZVOUS  RADAR BEACON 

NONROTATING 

CONICAL  SCAN  OMNI- 
ANTENNA 

DUPLEXER 

SUPERHET RECEIVER 

MAGNETRON 
TRANSMITTER 

PULSE 
GENERATOR 

R,  R LOS,  LOS  ROTATION 

BLOCK  DIAGRAM  SHOWS  basic  cooperative  rendezvous  radar  system  being  proposed  by  AIL. 
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TILT  AND  ROTATION  docking  alignment.  Fourth  (redundant)  channel  is  not  shown. 

the  mission  under  way  from  earth.  AIL 
engineers  point  out  that  with  the  ren- 

dezvous radar  located  in  the  landing 
device,  the  system  could  supply  accurate 
track  and  orbital  path  data  on  the  orbit- 

ing craft  prior  to  take-off  from  the 
moon. 

•  Hardware  available — Through  the 
use  of  relatively  simple  and  well  estab- 

lished techniques  and  the  employment 
of  considerable  existing  hardware,  AIL 
engineers  feel  their  system — in  terms  of 
weight,  size,  and  power  demands — rep- 

resents the  most  economical  way  to  go 
about  providing  radar-derived  rendez- 

vous and  docking  information. 
Selection  of  Ku-band  reportedly  was 

prompted  by  extensive  company  experi- 
ence working  in  this  frequency  range, 

availability  of  Ku-band  components, 
and  by  the  large  reduction  in  antenna 
size  over  X-band  for  the  same  band- 

width and  antenna  gain.  The  Ku-band, 
according  to  AIL  officials,  is  also  better 
suited  for  high-altitude  altimeter  usage. 

The  36-in.  parabolic  antenna  and 
much  of  the  associated  drive  equipment 
used  in  the  rendezvous  radar  is  the  same 
as  that  employed  in  the  Army  equip- 

ment. This  portion  of  the  system  cur- 
rently represents  about  two-thirds  of  the 

total  30-lb.  package.  To  reduce  system 
weight  even  further  and  also  lessen  the 
number  of  moving  parts,  AIL  is  at  work 
developing  a  non-scan  antenna  for  use 
with  this  system. 

•  35  watts  tops — Maximum  power 
consumption  for  the  radar  is  35  watts, 
demanded  during  high  prf  operation.  A 
non-mechanical  conical  scan  arrange- 

ment is  employed  for  angle  tracking  in 
order  to  further  simplify  and  cut  system 
weight.  Range  tracking  is  accomplished 
by  the  leading-edge  method.  The  reflec- 

tor gain  is  designed  for  better  than 
40-db,  with  a  3-db,  1.5-deg  beamwidth. 
Circular  polarization  is  also  employed 
in  the  rendezvous  radar. 

A  list  of  radar  performance  param- 
eters shows  range  and  range-rate  ac- 

curacies within  1  % ,  at  ranges  between 
100  ft.  and  600  miles,  and  at  rates  be- 

tween 1  ft./sec.  and  600  ft. /sec.  The 

system's  angular  rate  capabilities,  which 
are  designed  up  to  1 14-deg/sec,  are 
reportedly  accurate  to  within  ±  1  mil/ 
sec.  Overall  angular  accuracy  is  ±  1  mil. 

The  5-lb.  beacon  transponder  em- 

ploys a  simple  prf  code  and  shifting 
technique,  with  two  linearly  polarized 
1-oz.  beacon  antennas  to  supply  nearly 
omnidirectional  coverage.  Maximum 
power  demand  on  the  beacon  equipment 
during  high  prf  operation  is  15  watts. 
The  transponder  will  also  have  a  built-in 
2  microsecond  time  delay  to  permit 
pulsed  operation  at  close  range. 

Estimated  operating  life  for  the 
beacon  has  been  set  at  10,000  hours, 
with  7500  hours  for  the  main  radar. 
Testing  is  still  going  on  in  this  area. 

•  Docking  systems  —  In  order  to 
accomplish  the  short  range  measure- 

ments required  in  the  docking  proce- 
dure, a  variety  of  low-power  (100  mw) 

narrow  beamwidth  CW  techniques  are 
used  in  conjunction  with  circularly  pol- 

arized, small-aperture  antennas. 
Range  data  from  0  to  4  miles  during 

docking  is  obtained  to  within  ±  1  meter 
accuracies  through  use  of  phase  com- 

parison techniques.  An  L-band  opera- 
tion is  used  with  active  T/R  systems 

in  each  vehicle  to  cope  with  low-power 
signal  feedthrough  problems. 

The  range-rate  information  system 
requirements  call  for  velocity  measure- 

ments between  0.1  and  10  fps,  accurate 
to  within  0.1  fps.  This  system  utilizes 
a  straight  CW  narrow-band  Doppler 
resolution  method  operating  at  X-band. 
To  maintain  the  necessary  antenna  gain 
to  operate  at  a  100  mw  level,  the  range- 
rate  system  employs  the  rendezvous  ra- 

dar antenna  and  a  corner  reflector 
attached  to  the  second  vehicle.  At 
about  lA  mile,  the  system  switches  from 
the  main  dish  to  a  small  2-sq.-in.  omni- directional antenna. 

Up-down,  left-right  tilt  through  ± 
90-deg,  and  rotation  about  the  longi- 

tudinal axis  through  360-deg,  will  be 
measured  to  within  1-deg  accuracy  by 
an  L-band  system  which  is  offset  from 
the  L-band  range  data  frequencies. 

The  operation  of  this  system  relies 
on  measurements  of  differential  dis- 

tances between  a  point  source  transmit- 
ter and  a  set  of  receiving  antennas  lo- 

cated in  one  plane  but  not  along  one 
straight  line.  Three  sets  of  differential 
path  measurements  are  required  to  es- 

tablish the  angle  between  the  plane  of 
the  transmitting  antennas  and  the  plane 
of  the  receiving  antennas,  as  well  as 
their  angular  orientation. 

Eight  15-cm  (4-oz.)  omnidirec- 
tional antennas,  four  on  each  vehicle, 

are  employed  in  this  phase  of  the  dock- 
ing maneuver,  with  four  transmission 

channels  designed  to  improve  reliability 
and  provide  some  system  redundancy. 

With  respect  to  spatial  environment 
problems,  AIL  engineers  feel  that  suit- able internal  lubricants  and  external 
antenna  coatings  are  available  to  pro- 

vide unimpeded  operation  for  at  least 
several  days.  8 
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A  new  science -technology  supports  decision -making  on  a  global  scale.  How  do  you  control 

world-wide  forces  when  decisions  must  be  made  in  minutes  or  seconds,  based  on  huge  amounts  of  informa- 

tion, which  in  turn  must  be  literally  up-to-the-second?  Decisions  of  this  scale  are  made  possible  by  a  new  science- 

technology:  systems  that  provide  information  processing  assistance  for  military  and  governmental  leaders. 

Scientists,  Engineers  and  Computer  Programmers  at  SDC  have  been  on  the  growing  edge  of  this 

science-technology  since  it  began  with  SAGE  (the  first  system  of  this  type)  and  SACCS  (the  second  system). 

Today  Human  Factors  Scientists,  Operations  Research  Scientists,  Engineers  and  Computer  Programmers  at 

SDC  are  deeply  involved  in  a  number  of  new  systems.  Working  in  a  close  interdisciplinary  manner,  they 

are  contributing  to  these  systems  in  areas  of:  system  analysis,  system  synthesis,  programming  giant  computers, 

training  personnel  in  the  use  of  the  systems,  and  in  system  evaluation.  They  are  also  carrying  on  research  into 

future  generations  of  these  systems.  What  does  this  new  science-technology  offer  you  professionally?  We  invite 

your  inquiry  on  this  score  if  your  ambitions,  background  and  curiosity  turn  you  toward  this  new  field.  Address 

Dr.  H.  L.  Best  at  2433  Colorado  Avenue,  Santa  Monica,  California.  Openings  are  in  Santa  Monica,  Washing- 

ton, D.C.,  Paramus,  New  Jersey,  and  Lexington,  Massachusetts.  "An  equal  opportunity  employer!'  >-->. 

System  Development  Corporation 
SDC 

Systems  that  help  men 

make  decisions  and 

exercise  control 

DECISION-MAKING  ON  A  GLOBAL  SCALE 
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international 

Canada  Expands  Black  Brant  Series 

Built  by  Bristol  Aero-Industries,  three  new  rockets 

will  offer  varied  capabilities  for  high-altitude  research 
by  Bernard  Poirier 

BLACK  BRANT  V  will  be  able  to  haul  payloads  as  heavy  as  300  lbs.  Single-stage, 
28.4-ft.-long  vehicle  can  take  a  lighter  load  240  mi.  up  in  240  seconds. 

Black  Brant  Series 
1 II 

III 
IV  A V 

Overall  length 24.3  ft. 27.7  ft. 18.2  ft. 35.8  ft. 28.4  ft. 
Nose  cone  lengih 5.2  ft. 7.2  ft. 3.9  ft. 3.9  ft. 6.6  ft. 
Total  weight 2492.8  lbs. 2782.3  lbs. 643.0  lbs. 3104.0  lbs. 2639.0  lbs. 
Payload  area  cu.  ft. 4.0 6.2 1.3 7.3 

8.4 Maximum  payload 150.0  lbs. 150.0  lbs. 75.0  lbs. 75.0  lbs. 300.0  lbs. 
Max.  Alt.  for  max.  p/l 140  mi. 170  mi. 1  00  mi. 530  mi. 190  mi. 
FIRST  STAGE 
Weight 1759  lbs. 2095  lbs. 583  lbs. 2300  lbs. 2427  lbs. 
Thrust 20,000  lbs. 16,000  lbs. 11,400  lbs. 24,500  lbs. 20,000  lbs. 
Tot.  imp.  sec.  lb. 400,000 420,000 102,100 383,200 452,000 
Burning  time 20  sees. 26  sees. 9  sees. 15  sees. 23  sees. 
SECOND  STAGE 
Weight none none none 594  lbs. none 
Thrust none none none 12,650  lbs. none 
Tot.  imp.  sec.  lb. none none none 113,700 

none 

Burning  time none none none 9  sees. 
none 
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A  JOINT  EFFORT  by  Canadian 
industry  and  government  is  soon  to  bear 
fruit  in  a  new  group  of  high-altitude 
research  rockets  that  may  prove  highly 
attractive  to  nations  with  limited  space 
budgets. 

The  new  rockets  are  additions  to  the 
Black  Brant  series:  Black  Brant  III, 
Black  Brant  IV  A,  and  Black  Brant  V. 
Black  Brant  111  is  nearing  flight-testing 
at  Fort  Churchill  Rocket  Range  on  the 
Manitoba  side  of  Hudson  Bay. 

Bristol  Aero-Industries  Limited,  Win- 
nipeg Division,  is  prime  contractor  for 

all  three  vehicles. 
Earlier  development  of  the  Black 

Brant  series,  particularly  in  propellants, 
was  spearheaded  by  the  Canadian  Ar- 

mament Research  and  Development 
Establishment  (CARDE)  at  Valcartier, 
Quebec.  CARDE,  operating  under  the 
Defense  Research  Board,  will  continue 
propellant  development  in  the  expanded 

program. Bristol  Aero-Industries  performed 
design  studies  on  advanced  sounding 
rockets  as  a  private  venture  for  several 
years.  The  firm  finally  was  awarded  a 
design  and  development  contract  last 
year  by  the  Defense  Research  Board 
and  the  Department  of  Defense  Produc- tion. 

Canadian  scientists  of  the  Defense 
Research  Council  also  will  participate 
in  the  government/industry  effort.  Both 
groups  participated  in  earlier  Fort 
Churchill  experiments  as  well  as  Can- 

ada's Alouette  satellite  projects  (M/R, 
May  8,  1961,  p.  44). 

•  Varied  abilities — Black  Brant  III 
is  designed  to  carry  at  least  three  differ- 

ent payloads:  25,  40  and  75  lbs.  In 
each  case,  instrumentation  will  undergo 
considerable  stress — accelerations  are 

rated  as  high  as  31  g's  for  the  lightest 
payloads.  Given  an  85°  launch,  100- mile  peak  altitudes  will  be  reached  in 
190  sec,  and  130  miles  in  210  sec. 
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Propellant  temperature  range  is 
—  20°F  to  +120°F  for  each  rocket 
motor  in  the  new  development  series. 
Concomitant  to  the  Black  Brant  III  pro- 

gram is  the  second-stage  capability  for 
Black  Brant  IV A,  whose  first  stage  ap- 

pears to  be  a  later  effort  paralleling  the 
single-stage  Black  Brant  V . 

The  two-stage  Black  Brant  IV  A  will 
carry  a  75-lb.  scientific  payload  to  530 
miles,  almost  twice  the  altitude  foreseen 
in  Black  Brant  V  design  specifications. 
High  Arctic  soundings  will  be  per- 

formed by  this  two-stage  carrier:  25 
lbs.  to  630  miles,  40  lbs.  to  590  miles 
and  75  lbs.  to  530  miles. 

The  two-stage  Bristol  Aero-Indus- 
tries rocket  will  undergo  maximum  ac- 

celerations of  37  to  44  g's.  In  experi- 
ments which  require  40  lbs.  of 

instrumentation,  burnout  will  occur  at 
113,000  ft.,  yet  its  maximum  42-g  ac- 

celeration and  13,230  ft.  sec.  velocity 
will  carry  the  payload  to  a  3,100,000-ft. 
apogee.  (Similar  performance  require- 

ments have  been  suggested  for  European 
tests  at  Kiruna,  Sweden.) 

The  28.4-ft.  Black  Brant  V  design 
offers  a  true  scientific  workhorse  for 
heavy  payloads,  up  to  300  lbs.,  with  no 
multistage  problems  to  complicate  flight- 
test  operations.  Moreover,  the  maxi- 

mum g  load  is  low  (18  g's  for  a  1 50-lb. 
payload),  taking  240  sec.  to  reach  240 
miles  altitude. 

Bristol  Aero-Industries  plans  two 
types  of  Black  Brant  IV  rockets.  A 
company  spokesman  said;  "Actually  the designation  IV A  refers  to  the  vehicle 
utilizing  the  Black  Brant  III  and  Black 
Brant  II  motors.  It  is  intended  that  a 
designation  IVB  will  be  used  to  iden- 

tify the  Black  Brant  IV  using  ///  and 
V  motors."  tt 

international 

French  Move  to  Meet 

5000-a-Year  Launch  Program 

Built  by  Bristol  Aero-Industries,  three  new  rockets 

will  offer  varied  capabilities  for  high-altitude  research 

BLACK  BRANT  III  will  soon  be  tested 
in  flight  at  Canada's  Ft.  Churchill  range. 
missiles  and  rockets,  March  12,  1962 

TO  FULFILL  A  sounding  rocket 
program  that  eventually  will  call  for 
5000  launchings  per  year,  France  is 
intent  on  developing  a  family  of  reliable 
solid-fuel  rocket  motors. 

The  Mammouth  and  Stromboli  mo- 
tors are  the  latest  to  be  authorized. 

Overall  development  responsibility  rests 
with  Sud  Aviation's  Technical  Group 
at  Cannes  and  France's  IRBM  agency S.E.R.E.B. 

Sud  already  is  developing  another 
series  which  includes  flight-tested  Belter 
and  Centaure,  to  be  followed  by  Dragon 

and  a  three-stage  Pegase.  France's 
NASA  equivalent  —  O.N.E.R.A.  —  has 
two  four-stage  vehicles  in  development 
— Antares  and  Berenice,  the  first-named 
of  which  has  undergone  regular  flight 
tests  at  the  French  Navy's  Mediterra- nean rocket  test  site  on  Levant  Island. 

When  the  5280-lb.  Mammouth  I 
motor  is  coupled  to  an  instrumentation 
payload,  it  is  identified  as  the  7040-lb. 
Agate  sounding  rocket  which  had  two 
successful  tests  as  early  as  last  June 
(M/R,  Aug.  7,  1961,  p.  48). 

Agate  will  evolve  into  a  second  vehi- 
cle using  a  Stromboli  second  stage  and, 

finally,  into  a  14,300-lb.  (with  payload) 
configuration  utilizing  two  Mammouth 
stages  and  a  Stromboli  third  stage. 

Agate  has  no  guidance;  aerodynamic 
stability  in  acceleration  is  provided  by 
four  basic  fins  near  the  booster  rear.  So 
far,  the  only  guidance  suggested  in 
French  experiments  remains  restricted 
to  the  O.N.E.R.A.  Antares  first  stage. 

The  outer  wall  of  the  Agate  instru- 
mentation cone  is  fabricated  of  an 

asbestos-glass-resin  combination.  Instru- 
mentation and  recovery  apparatus  ac- 

counts for  about  70%  of  the  total  pay- 
load,  not  including  what  appears  to  be 
an  additional  800  lbs.  for  the  motor 
casing  and  nozzle  weight. 

Although  it  had  been  suggested  in 
symposia  earlier  this  year  that  two  sep- 

arate instrumentation  packages  are  re- 

covered from  Agate,  it  now  appears  that 
only  one  recovery  mode  is  actually  pro- 

gramed for  this  test  vehicle — and  that 
it  is  a  highly  reliable  function. 

Agate's  performance  parameters  pro- 
vide selection  between  a  1080-lb.  pay- 

load  to  38  miles  and  110  lbs.  to  90 
miles.  A  Stromboli  second  stage  in- 

creases optimum  selection  to  265  lbs.  to 
285  miles;  two  Mammouth  stages  plus 
a  Stromboli  third  stage,  265  lbs.  to  950 miles. 

Standard  instrumentation  during  the 
first  six  months  of  Agate  testing  has  in- 

cluded 6-channel,  15-watt  telemetering 
transmitters  (TURKS-SAT  FM/AM). 
Frequencies  used  are  between  40  and 
185  mc/s.  These  plus  two  magnetic 
recorders  constitute  the  basic  load. 
Other  useable  space  is  available  for 
whatever  optional  equipment  is  required 
for  the  flight  experiment  involved. 

During  the  coming  year,  SECOR 
responders  and  other  radar  equipment 
will  be  installed.  In  the  meantime, 
flares  are  carried  in  the  skirt  of  the  in- 

strumentation cone  to  facilitate  optical tracking. 

This  will  be  an  important  year  for 
utilizing  the  first  fruits  of  French  solid 
rocket  development.  The  smallest  vari- 

ety will  be  used  for  about  15  daily  fir- 
ings— two  or  three  from  each  of  five 

or  six  locations  in  metropolitan  France. 
These  will  be  meteorological  experi- 

ments carrying  small  10-lb.  payloads. 
However,  heavier  payloads  and 

larger  rockets  will  be  needed  for  scien- 
tific experiments  using  65-lb.  payloads, 

and  for  "advanced"  scientific  experi- 
ments using  250  lbs.  The  French  plan 

to  sound  with  these  payloads  at  50,  1 00, 
250,  625  and  1200  miles  altitude. 

Solid-fuel  motors  apparently  have 
A-l  priority  "The  fundamental  param- 

eter is  reliability,"  French  scientists  say, 
"and  success  of  future  programs  cannot 
be  subjected  to  unknown  whims  of  un- 

tried rockets.  8 
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Key  Contracts 

(Continued  from  page  15) 

of  power  continuously  for  a  90-day 
mission  of  Surveyor,  which  is  designed 
to  soft-land  on  the  moon. 

Fuel  for  SNAP  11  will  be  Curium- 
242,  a  man-made  element.  As  the 
Curium  decays  spontaneously  it  pro- 

duces heat  which  will  be  converted  di- 
rectly into  electricity  by  the  thermoelec- 

tric generator.  The  only  moving  part  in 
the  generator  will  be  a  temperature- 
controlled  shutter  which  will  control  the 
flow  of  heat  to  keep  power  output  rela- 

tively constant. 

Martin  said  that  during  the  two- 
week  periods  when  the  moon  landing 
site  will  be  in  total  darkness,  the  tem- 

perature of  the  surface  dips  to  — 235°F. 
This  temperature,  Martin  said,  will 

step  up  the  output  of  SNAP  11  to  25 
watts.  During  this  period,  excess  heat 
from  the  generator  will  be  used  to  keep 
sensitive  electronic  components  in  the 
system  within  a  reasonable  temperature 
range. 

•  Nuclear  simulator — In  a  related 
nuclear  power  development,  NASA  an- 

nounced that  a  300-kilowatt  liquid-metal 
boiling  and  condensing  test  facility  has 
been  placed  in  operation. 

The  new  facility — the  largest  in  the 
U.S. — was  designed  by  GE  under  a 
NASA  contract.  It  will  be  used  to  study 
heat  transfer  characteristics  of  several 
liquid-metal  working  fluids. 

Development  of  a  nuclear  turbogen- 
erator systems  that  will  produce  300 

kilowatts  or  more  of  electrical  power 
has  been  in  progress  at  General  Electric 
for  more  than  four  years.  These  space 
power  systems  are  designed  to  use  heat 
energy  generated  by  a  nuclear  reactor 
to  vaporize  liquid  alkali  metals,  like 
potassium  or  sodium.  The  vapor  then 
powers  a  turbine  which  drives  an  elec- 

trical generator. 
The  new  300-kilowatt  test  facility 

will  permit  the  behavior  of  liquid  metals 
to  be  investigated  under  the  conditions 
of  boiling  and  condensing  they  will  en- 

counter in  actual  operation  in  space 
power  systems.  The  facility  can  operate 
continuously  at  temperatures  up  to 
1850°F.  Because  the  liquid  metals  used 
are  highly  corrosive,  the  facility  is  con- 

structed entirely  of  a  tough  cobalt-base 
alloy. 

Essentially,  the  facility  consists  of  a 
large  gas-fired  heater,  which  simulates 
the  reactor  heat  source,  and  two  sep- 

arate closed  loops  through  which  the 
liquid  metals  are  pumped  in  a  continu- 

ous cycle.  The  primary  loop  carries  heat 
to  a  boiler  test  section,  which  transfers 
its  heat  to  a  secondary  loop  in  which 
another  liquid  metal  is  vaporized.  The 
secondary  loop  also  contains  condenser 
test  sections  which  remove  the  heat 
from  the  system  by  radiation  or  con- vection. 

With  this  facility,  many  character- 
istics of  a  large  nuclear  turbogenerator 

system  can  be  effectively  simulated.  Dif- 
ferent working  fluids  can  be  tested  in 

the  two  loops  simultaneously,  since  they 
are  completely  separate.  The  primary 
loop  can  handle  flow  rates  greater  than 
200  gallons  per  minute  with  a  pressure 
rise  of  20  psi.  The  secondary  loop  can 
operate  at  30  gpm  with  a  pressure  rise 
of  30  psi  when  the  alkali  metal  is  in  a 
liquid  state,  or  at  3.5  gpm  with  a  pres- 

sure rise  of  100  psi  when  the  metal  is 
vaporized.  The  entire  facility  is  operated 
and  monitored  from  an  adjacent  control 
and  data  recording  center. 

This  latest  facility  is  one  of  several 

planned  in  support  of  NASA's  long- range  programs  for  development  of 
space  power  supplies  up  to  1000  kilo- 

watts and  larger.  Other  facilities  in  vari- 
ous stages  of  design  or  construction  at 

GE's  Space  Projects  Laboratory  include 
a  liquid-metal  boiling  and  condensing 
heat-transfer  test  facility  which  will  op- 

erate at  temperatures  up  to  2200°F;  a 
facility  to  test  the  operation  of  bearings 
in  liquid  metals;  and  a  facility  for  test- 

ing full-scale  high-speed  turbines,  boilers, 
condensers  and  radiators.  8 

Opportunity  for  individual  recognition  and  rapid 

growth  for  aerophysics  engineers  to  work  in 

the  area  of  missile  design  with  Raytheon's  Missile 
&  Space  Division  located  in  suburban  Boston 

AEROPHYSICS 

ENGINEERS 

HEAT  TRANSFER :  Engineers  or  scientists  experienced  in 
aero  heating  analysis  of  super  sonic  and  hypersonic  vehicles, 
and  analysis  of  space  vehicles. 

SPACE  TECHNOLOGY:  aero-space  engineers  or  physicists 
to  investigate  and  develop  techniques  for  the  solution  of  space 
vehicle  motion  and  powered  trajectories.  To  establish 
mission  criteria  and  analyze  overall  mission  requirements. 

AERODYNAMICS:  experienced  engineer  to  perform 
aerodynamics  analysis  of  missile  configurations  to  determine 
performance,  stability  and  air  loads. 

If  interested  and  qualified,  please  forward  your 
resume  to  Mr,  William  O'Melia,  Bedford  R&D  Center, 
Raytheon  Company,  Bedford,  Massachusetts. 

RAYTHEON 
RAYTHEON  COMPANY 

MISSILE  &  SPACE  DIVISION 

An  Equal  Opportunity  Employer 
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Plan  to  attend  the:  NATIONAL  ROCKET  CLUB'S  5TH  ANNUAL 

DR.  ROBERT  H.  GODDARD 

NATIONAL  SPACE  CONFERENCE 

MARCH  15-16,  1962  •  SHERATON-PARK  HOTEL  •  WASHINGTON,  D.  C. 

MARCH  16  •  GODDARD  MEMORIAL  DINNER 

PRINCIPAL  SPEAKER  • 

The  Vice  President 

of  the  United  States 

TO  HEAR  AND  PARTICIPATE  IN  DISCUSSIONS  ABOUT  OUR 

COUNTRY'S  ORGANIZATION  FOR  SPACE  LEADERSHIP. 

Write  Now  for  Program  and  Registration  Form 

NATIONAL  ROCKET  CLUB 

1745  K  Street,  N.W.  •  Washington  6,  D.  C. 
DISTRICT  7-3779 



Haley  sees  'problem' .  .  . 

Details  of  IAS-ARS  Merger  Disclosed 

WORK  GROUPS  from  the  Institute 
of  the  Aerospace  Sciences  and  the 
American  Rocket  Society  took  time  off 
during  a  recent  IAS  symposium  in  San 
Francisco  to  hammer  out  the  constitu- 

tion and  bylaws  for  a  proposed  merged 
society  which  would  be  called  the 
"American  Institute  of  Aeronautics  and 
Astronautics,  Inc." 

L.  Eugene  Root  and  Dr.  William  H. 
Pickering,  IAS  and  ARS  presidents  re- 

spectively, endorsed  the  consolidation. 
They  said  they  expected  to  speak  in 
favor  of  the  proposition  at  about  50 
technical  meetings  before  June,  when 
members  of  the  two  organizations  will 
vote  on  the  issue. 

In  discussing  prospects  for  the  new 
organization,  Pickering  said  there 
"would  not  be  fewer  meetings,  but  I 
hope  (we)  will  have  better  coordinated 
meetings  suited  to  the  combined  inter- 

ests of  the  society."  He  added  that  he 
had  detected  an  "overwhelming  re- 

sponse" in  favor  of  consolidation. 
Declaring  that  he  would  follow  Dr. 

Pickering's  endorsement,  Andrew  G. 
Haley,  ARS  general  counsel,  warned  in 
Washington,  D.C.,  that  the  merger 
might  not  be  easily  effected,  however 
strong  the  support  for  it.  He  explained 
that  a  consolidation  can  be  made  only 
if  it  is  approved  by  a  majority  of  all 
members  eligible  to  vote  in  each  so- 

ciety. This  means  that  a  small  return 
of  ballots  would  kill  the  merger.  "It 
is  going  to  cause  quite  a  problem," Haley  said. 

A  first-draft  constitution  describes 
the  "Institute"  as  "organized  as  a  non- 

profit scientific  and  engineering  mem- 
bership society  to  advance  the  arts, 

sciences  and  technology  of  aeronautics 
and  astronautics." 

These  objectives  will  be  accomplished 
by  "encouraging  original  research  and 
the  dissemination  of  new  knowledge, 
furthering  the  professional  development 
of  those  engaged  in  scientific  and  en- 

gineering disciplines,  fostering  engineer- 
ing education,  promoting  continual 

interchange  among  engineers  and  sci- 
entists and  with  other  professional 

groups,  stimulating  outstanding  profes- 
sional accomplishments,  and  such  other 

means  as  may  be  appropriate  to  meet 
the  professional  needs  of  its  members." 

•  Membership — The  Institute  will 
have  nine  grades  of  members,  accord- 

ing to  a  near-final  draft  of  its  bylaws: 
Honorary  Fellows,  Benefactors,  Fellow 

Members,  Senior  Members,  Members, 
Associate  Members,  Student  Members, 
and  Corporate  Members. 

Honorary  Fellows  are  described  as 
"persons  of  eminence  in  aeronautics 
and  astronautics";  Honorary  Members, 
"distinguished  citizens  who  have  shown 
notable  support  for  the  ideals  and  ob- 

jectives of  the  Institute";  and  Bene- 
factors, "persons  .  .  .  who  have  con- tributed not  less  than  $10,000  to  the 

Society."  (Note  the  vestigial  use  of "Society.") 
Fellow  Members  are  to  be  those 

who  have  made  important  technical 
contributions  to  aeronautics  or  astro- 

nautics and  "attained  national  distinc- 
tion in  their  fields";  Senior  Members, 

those  who  have  12  years'  experience 
and  "who  have  by  superior  perform- 

ance in  at  least  four  of  those  years 
attained  recognition  in  their  fields"; 
and  Members,  "professional  persons 
with  at  least  eight  years'  experience  .  .  . 
who  have  demonstrated  competence  in 

their  field." Associate  Members  are  to  have  a 
professional  activity  or  interest  in  aero- 

nautics or  astronautics;  Student  Mem- 
bers are  to  be  undergraduates  or  grad- 

uates under  the  age  of  28  attending 
school  full-time;  and  Corporate  Mem- 

bers are  to  comprise  educational,  sci- 
entific, and  industrial  organizations 

interested  in  aeronautics  or  astronautics. 
•  Dues — The  dues  are  pegged  at 

$20  a  year,  payable  in  advance,  for 
Honorary  Fellows,  Fellow  Members, 
Senior  Members,  Members  and  Asso- 

ciate Members.  Student  Members  will 
pay  five  dollars  a  year. 

There  will  be  no  dues  for  Honorary 
Members  or  Benefactors.  A  single 
lump-sum  payment  will  give  any  dues- 
paying  member  a  lifetime  membership. 
Depending  on  the  member's  age,  the amount  varies  from  $600  for  the  25- 
30-year-old  bracket,  to  a  minimum  of 
$205  for  those  61  years  old  and  over. 

•  Meetings — Annual  meetings  are 
to  be  held  each  year  on  the  first  Tues- 

day of  November  at  New  York  City, 
or  at  any  other  time  and  place  the 
Board  of  Directors  decides. 

At  these  meetings,  "The  Secretary shall  cause  ballots  for  the  elections  of 
President,  Vice  Presidents,  and  Direc- 

tors .  .  .  and  for  voting  upon  such 
propositions  as  shall  be  submitted  to 

any  meeting  of  the  Institute." Special  meetings  may  be  called  by 

three  Directors,  or  by  the  President 
upon  petition  of  at  least  100  members 
holding  voting  privileges. 

•  Board  of  Directors — The  Insti- 
tute's governing  body  will  be  a  Board 

of  Directors  comprising  the  President 
and  four  Vice  Presidents — the  ex-offi- 
cio  directors — and  18  elected  Directors. 

The  Assistant  to  the  President, 
General  Counsel,  Executive  Secretary, 
Treasurer,  Secretary,  Controller  and 
Director  of  Publications — if  none  are 
elected  Directors — will  be  entitled  to 
participate  in  all  Board  meetings,  but 
will  not  vote.  Six  new  directors  will  be 
elected  at  each  annual  meeting  for  a 
three-year  term,  but  no  Director  will 
be  eligible  to  serve  more  than  two 
consecutive  terms.  The  President  will 
normally  act  as  Chairman  of  the  Board. 

•  Officers — "The  officers  of  the 
Institute  will  consist  of  a  President, 
four  Vice  Presidents,  a  Secretary,  a 
Controller,  a  General  Counsel,  a  Treas- 

urer, and  such  other  officers  as  from 
time  to  time  shall  be  appointed  by  the 
Board.  Term  of  office  will  be  one  year, 
except  for  the  Executive  Secretary,  As- 

sistant to  the  President,  Treasurer,  Secre- 
tary, Controller,  and  General  Counsel. 

"The  officers,  with  the  exception  of 
the  President  and  Vice  Presidents,  shall 
receive  such  salaries  as  may  be  fixed 

by  the  Board  of  Directors." •  Committees — There  will  be  the 
following  committees  in  addition  to 
Standing  Committees:  Nominating,  Ex- 

ecutive, Policy,  Membership,  Awards, 
Finance,  Program,  Section  Activities, 
Long-Range  Planning,  International 
Affairs,  and  Education. 

The  Nominating  Committee  "shall ask  for  nominees  from  the  immediate 
past  Presidents  of  all  Institute  Sections, 
and  the  Chairman  of  all  Technical  Com- 

mittees. The  candidates  for  the  posi- 
tions of  President,  Vice  President  and 

Director  shall  be  selected  by  the  Com- 1 
mittee   from   these   nominees   only."  | However,  additional  nominees  can  be  1 
put  on  the  ballot  by  petition  of  100 1 
or  more  voting  members. 

The  Executive  Committee  will  exer- 1 
cise  certain  limited  functions  of  the  I 
Board  of  Directors. 

The  missions  of  the  other  committees  R 
fall  in  line  with  their  titles.  The  Presi-B 
dent  will  be  an  ex-officio  member  of  all  I 
committees  except  the  Nominating  C 
Committee. 

(See  editorial,  p.  46) 
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The  Industry  Week 

Industry  Trends  and  Reviews 
Lockheed  Missiles  &  Space  Co.  last  year  used 

1732  new  vendors  for  products  and  services.  Of 
these,  1607  were  small  businesses.  .  .  .  Aircraft  and 
missiles  will  lead  the  reinforced  plastics  market  in 
1962  with  projected  total  sales  of  $95.8  million — 
20%  of  the  total  in  filament-wound  plastic  prod- 

ucts— estimates  the  Reinforced  Plastics  Div.  of  the 
Society  of  the  Plastics  Industry  Inc.  Sales  for  air- 

craft and  missiles  will  be  nearly  double  those  for 
the  next  leading  market,  boats.  .  .  .  President  of 
the  Linde  Co.,  Div.  of  Union  Carbide,  says  the  con- 

tinuing growth  of  cryogenic  products  and  industrial 
gases  carried  the  industry's  total  domestic  sales  to 
a  new  high  last  year.  .  .  .  Aero  Geo  Astro  Corp., 
Alexandria,  Va.  began  an  annual  scholarship  pro- 

gram designed  to  encourage  area  high  school  stu- 
dents to  pursue  space  science  careers.  .  .  .  An  Aero- 
space Industries  Association  spokesman  said  that 

under  today's  depreciation  policy,  about  one-third 
of  all  U.S.  plants  and  equipment  are  obsolete  by 
European  standards.  He  said  the  burden  of  inade- 

quate depreciation  allowances  is  the  principal  factor 
in  the  steady  decline  of  U.S.  industry  in  the  Free 
World  marketplace  in  the  past  15  years.  .  .  .  A 
sharp,  unexpected  rise  in  demand  for  engineers  and 
scientists  during  the  first  months  of  the  year  was 
reported  by  the  Engineer /Scientist  Demand  Index 
of  Deutsch  &  Shea,  Inc..  technical  manpower  con- 
sultants. 

News  of  Mergers  and  Expansions 
Microdot  Inc.  and  Varec,  Inc.,  have  merged,  with 

Varec  operating  as  a  wholly-owned  subsidiary. 
Microdot  manufactures  aerospace  electronic  com- 

ponents, and  Varec  industrial  control  devices  and 
telemetry  systems.  .  .  .  General  Time  Corp.  com- 

pleted arrangements  to  acquire  Barth  Engineering 
and  Manufacturing  Co.,  Meriden,  Conn.,  makers  of 
meteorological  weather  sounding  receptors,  servo- 
mechanisms  and  related  equipment. . . .  G-V  Controls 
Inc.,  Livingston,  N.J.,  purchased  Uni-Seal,  Inc., 
Garwood,  N.J.  Uni-Seal,  maker  of  hermetic  glass- 
to-metal  seals,  plans  a  major  expansion  of  facili- 

ties and  output  for  this  year.  .  .  .  Zero  Manufac- 
turing Co.  purchased  a  plant  in  Monson,  Mass., 

comprising  15  acres  of  land  and  150,000  sq.  ft. 
of  manufacturing  area.  The  facility  will  nearly 
double  Zero's  Eastern  capacity,  and  will  be  occu- 

pied by  April  1.  .  .  .  Interstate  Engineering 
Corp.  acquired  National  Marine  Consultants,  Inc. 
NMC  will  operate  as  a  division  of  Interstate  Elec- 

tronics Corp.,  subsidiary  of  IE  and  prime  contractor 
for  test  instrumentation  in  the  Navy  Fleet  Ballistic 
Missile  Weapon  Systems  program.  .  .  .  Rocketdyne 
Div.  of  North  American  Aviation  will  build  an  ad- 

vanced metals  forming  facility  near  El  Toro,  Calif. 
The  $250,000  plant  will  be  used  for  high-energy  form- 

ing of  metal  components  for  space  and  commercial 
applications.  .  .  .  The  Bendix  Corp's  Cincinnati  Div. 
will  build  a  new  plant  to  consolidate  operations. 
Occupancy  is  planned  for  the  end  of  this  year. 
.  .  .  Computer  Equipment  Corp.,  Los  Angeles,  has 
doubled  the  capacity  of  its  Cableaire  Div.,  develop- 

ers and  manufacturers  of  electronic  cable  assemblies 
and  harnesses  used  in  aircraft,  missiles  and  GSE. 
.  .  .  Tempo  Instrument  Inc.  formed  a  Systems  Divi- 

sion to  provide  engineering  and  manufacturing 
facilities  for  a  new  line  of  commercial  and  industrial  f| 
products.  .  .  .  Branson  Corp.  purchased  land  in 
Denville,  N.J.,  to  triple  manufacturing  and  engi- 

neering facilities  for  manufacture  of  magnetic  and  §§ 
time  delay  relays  for  aircraft,  missiles  and  GSE. 
.  .  .  American  Machine  and  Foundry's  Government 
Products  Group  opened  a  new  Environmental  Lab- 

oratory at  Stamford,  Conn.,  to  analyze  environ- 
mental effects  on  components  for  aerospace  GSE,  §§ 

missile  and  aircraft  operations.  .  .  .  Holex,  Inc.,  §f 
Hollister,  Calif.,  is  beginning  a  major  expansion 
program.  The  firm,  a  supplier  of  explosive  car- 

tridges and  explosively-actuated  devices  for  the 
missile/space  industry,  will  soon  begin  construction 

of  two  new  buildings.  Five  more  are  planned.  ...  :M Microdot  Inc.  established  a  Hermetic  Seal  Facility 
at  South  Pasadena,  Calif.,  for  production  of  micro-  i 
miniature  glass  and  ceramic  seals. 

New  Names  in  the  Industry 

Trodyne  Corp.  has  been  formed  in  Teterboro,  if 
N.J    to  develop  and  manufacture  components  and  || 
systems  for  use  in  aircraft,  submarines  and  missiles.  1 
Principal  products  will  be  flight  simulator  systems  || 
and  components,  visual  aid  systems  and  training 
devices,  GSE  and  related  equipment.  .  .  .  SKG  Corp., 
Santa  Ana,  Calif  ,  was  organised  to  undertake  feasi-  || 
bility  studies,  systems  development,  management, 
production  and  marketing  of  proprietary  products 
in  areas  of  automatic  monitoring  and  control,  tele- 

metering and  medical  electronics.  President  Verl  O. 
Smith,  Jr.,  is  former  assistant  to  the  vice  president  || 
in  charge  of  engineering  of  Northrop  Corp.  and  :§! 
was  chief  of  the  Missile  Test  Facility  at  Cape  || 
Canaveral.  .  .  .  Decision  Systems,  Inc.,  was  formed 
in  Silver  Spring,  Md.,  to  apply  advanced  electronic 
information  processing  techniques  to  management 
and  control  problems  of  government  agencies  and  §; industry. 

International  News  Briefs 

North  American  Aviation,  Inc.,  formed  a  sub-  || 
sidiary  in  Torino,  Italy,  for  maintenance  of  fire 
control  units  sold  by  the  company's  Autonetics  Div. 
for  the  European  F-104  Starfighters.  .  .  .  Elgeet  §§ 
Optical  Co.,  Inc.,  agreed  to  acquire  the  Steinheil  Co., 
Munich,  West  Germany,  one  of  the  largest  optical  |l 
manufacturers  in  Europe.  .  .  .  Beckman  Instruments,  § 
Inc.,  formed  a  jointly-owned  company  with  Tokyo 
Shibaura  Electric  Co.  (Toshiba)  to  manufacture  |i 
and  distribute  Beckman  products  in  Japan.  Beck- 
man-Toshiba,  Ltd.  Tokyo,  will  begin  immediate 
production  of  precision  potentiometers  and  gas  |§ 
chromatographs  for  scientific  and  industrial  appli- 

cation. .  .  .  Dornier  of  West  Germany  is  planning  || 
to  design  satellites  as  part  of  the  West  German 
contribution  to  the  European  Space  Research  Pro- 

gram. The  company  said  its  research  labs  are  work- 
ing on  designs  for  unmanned  research  capsules  simi-  i 

lar  to  those  of  the  U.S.  Discoverer  series. 
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contracts 

ITDSTS 

in  the  fields  of 

space  vehicle 

power  and  propulsion 

The  Propulsion  and  Power  Systems 
Department  of  the  Aerospace  Vehicles 
Laboratory  has  several  unusually 
interesting  openings  for  engineers  and 
scientists  who  are  interested  in  the 
fields  of  space  vehicle  power  and  pro- 

pulsion. The  openings  are  at  all  levels 
of  experience  — from  recent  graduates 
to  the  senior  staff  level.  Most  of  the 
positions  will  involve  design  and  analy- 

sis of  power  and  propulsion  systems  for 
satellite  and  space  probe  application. 
Specifically,  some  of  the  areas  of 
specialization  are: 

1 SPACE  POWER  SYST
EMS 

The  positions  will  involve  analysis  and 
development  of  such  energy  sources 
as:  photo  voltaic,  thermionic,  thermo- 

electric, battery  and  advanced  energy  stor- 
age systems. 

2 SPACE  PROPULSION  SYSTEMS The  positions  will  involve  the  prelimi- 
nary and  conceptual  design  and  com- 

parative analysis  of  all  types  of  chem- 
ical and  electric  propulsion  systems. 

3 PROGRAM  MANAGEME
NT 

The  positions  will  be  associated  with 
the  development  of  solid  and  liquid 
propellent  rocket  engines.  Advanced 

degrees  are  preferred  and  considerable  ex- 
perience in  the  field  will  be  required. 

If  you  are  interested  and  believe  that  you 
can  contribute,  please  mail  your  resume  to: 

Robert  A.  Martin, 
Supervisor  of  Employment 
HUGHES 
11940  W.  Jefferson  Blvd. 
Culver  City,  California 

We  promise  you  □  reply  within  one  week. 
An  equal  opportunity  employer. 

Creating  a  new 

I  

world  with  Electronics 
I 

HUGHES 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

AIR  FORCE 

$23,500.000 — General  Dynamics  Corp.,  San 
Diego,  Calif.,  for  installation  and  check- out of  Atlas  F  missiles,  for  provision  of 
spare  parts  for  the  Atlas  program  and  for 
operation  and  test  of  a  systems  test 
facility  at  Vandenberg  AFB  (3  contracts). 

$12,170,000 — Lockheed  Aircraft  Corp.,  Sunny- vale, Calif.,  for  production  of  Agena  space 
vehicles  and  for  research  and  develop- 

ment on  satellite  systems  (4  contracts). 
$6,970,000— AVCO  Corp.,  Wilmington,  Mass., 

for  research  and  development  testing, 
ground  equipment  and  related  work  on  a 
re-entry  vehicle. 

$6.800,000 — Martin  Corp.,  Denver,  for  develop- ment and  test  of  the  Titan  I  missile  at 
Vandenberg  AFB,  Calif. 

$3,500,000 — Collins  Radio  Co.,  Dallas,  for antennas   for   hardened    missile  sites. 
$3,020,000 — Aerojet-General  Corp.,  Sacramen- 

to, Calif.,  for  production  of  Stage  II 
motors  for  Minuteman  missiles. 

$2,714.033— FMC  Corp.,  New  York  City,  for 
production  of  dimethylhydrazine  propel- lant. 

$2,369,265 — Douglas  Aircraft  Co.,  Santa  Mon- 
ica. Calif.,  for  modification  of  and  provi- sion of  launch  services  for  Thor  missiles 

$2,141,542 — United  Technology  Corp.,  Sunny- 
vale, Calif.,  for  research,  design  and 

demonstration  of  advanced  components 
for  solid-propellant  rocket  motors. 

$1,803,000— Western  Electric  Co.,  New  York 
City,  for  production,  installation  and 
checkout  of  ground  and  missile-borne 
guidance  equipment. 

$1,800,000 — General  Electric  Co.,  Syracuse, 
N.Y.,  for  production  of  airborne  guidance 
equipment  and  furnishing  test  support 
of  missile  and  satellite  programs. 

$1,500,000 — American     Bosch     Arma  Corp., 
Garden  City,  N.Y.,  for  continued  research 
and  development  for  the  Atlas  missile 
inertlal  guidance  system. 

$1,472.799 — Radiation  Inc.,  Melbourne.  Fla., 
for  high-gain  telemetry  antenna  systems. 

$1,350.000— Northrop  Corp.,  Van  Nuys,  Calif., 
for  target  missiles. 

$333,190 — United  Technology  Corp.,  Sunny- 
vale, Calif.,  for  development  of  non- destructive testing  technique  for  large 

solid-propellant  rocket  motor. 
$94,851 — Rocketdyne,  a  div.  of  North  Amer- ican Aviation,  Canoga  Park,  Calif.,  for  a 

service  program  for  determining  the  per- formance of  rocket  propellant. 
$94,487 — Ampex  Instrumentation  Products, 

Dallas  for  speed  control  system  and  re- 
corder. 

$67,500 — IBM  Corp.,  Rockville.  Md.,  for  engi- 
neering  services   for   SAGE  systems. 

ARMY 

$3,948,308 — The  Greenhut  Construction  Co., Inc.,  Pensacola,  Fla.,  for  construction  of 
a  research  and  development  facility  for 
the  Army  Ordnance  Missile  Command  at 
Redstone  Arsenal,  Huntsville.  Ala. 

$2,738,270 — Raytheon  Co.,  Bedford,  Mass.,  for 
radars  for,  and  the  development,  testing 
and  evaluation  of  the  Hawk  guided  mis- sile system. 

$496.114 — Martin  Construction  Co.,  Cocoa Beach,  Fla.,  for  construction  of  a  missile 
checkout  building  to  be  used  in  connec- tion with  the  Polaris  program. 
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INDUSTRY 

$2.000.000 — Collins  Radio  Co.,  Dallas,  from International  Electric  Corp.,  for  data 
transmission  equipment  to  be  used  at 
strategic  missile  sites. 

$175,000 — General  Precision  Inc.,  Kearfott 
division,  Little  Falls,  N.J..  from  the  Boe- 

ing Co.,  for  components  of  the  Bomarc 
flight  control  system. 

$75,000— Catalytic  Construction  Co.,  Philadel- 
phia, from  the  Boeing  Co.,  for  Installa- tions of  weapons  support  equipment  at 

three  Bomarc  bases  on  the  East  Coast. 

NASA 

$1,700,000— Air  Products  and  Chemicals,  Inc., 
Allentown,  Pa.,  for  fabricating,  Installing 
and  placing  In  operation  a  liquid  hydro- 

gen handling  system  for  the  Saturn 
vehicle,  work  to  be  done  at  Cape  Can- averal. 

$366.556 — North  American  Aviation,  Canoga 
Park,  Calif.,  for  investigation  of  multi- 
chamber  engines  and  unconventional  in- 

jector feasibility. 
$307,710 — Fluidyne  Engineering  Corp.,  Minne- 

apolis, for  services  and  materials  for 
nitrogen  gas  super-pressure  temperature 
apparatus. 

$296,664 — Aerojet-General  Corp.,  Sacramento, 
Calif.,  for  studies  of  high-chamber-pres- sure for  launch  vehicle  engines. 

$250,000 — Chance  Vought  Corp.,  for  study  of 
rendezvous  of  space  vehicles. 

$196,022 — Sperry  Gyroscope  Co.,  Great  Neck, 
N.Y.,  for  rocket  engine  analyzer  and  deci- sion instrumentation. 

$96.212 — Fairchild  Stratos  Corp.,  Aircraft Missiles  Div.,  Hagerstown,  Md.,  for  design, 
fabrication,  testing  and  delivering  3  flight 
assemblies  for  solar  Internal  power  project 
and  required  prototype  test  assemblies. 

$50,840— Electro-Mechanical  Research,  Inc., 
Washington,  D.C.,  for  discriminator, 
transistorized  sub-carrier. 

NAVY 

$27,000,000  —  General  Dynamics/Pomona, 
Calif.,  for  continued  production  of  ad- vanced Terrier  and  Tartar  guided  missiles. 

$7,500,000— General  Electric  Co.,  Plttsfleld, 
Mass..  for  guidance  and  special  test 
equipment  for  Polaris  missiles. 

$2.346,185 — Fairchild  Camera  &  Instrument 
Co.,  Clifton,  N.J.,  for  a  closed-loop  tele- vision system  for  Talos  missiles. 

$1.970,000 — General  Dynamics/Pomona,  Calif., research  and  development  of  the  Typhon, 
improved  Tartar  and  the  advanced  Terrier missiles. 

$579.523— The  Bendix  Corp-,  Red  Bank  Div., 
Eatontown,  N.J.,  for  ASROC  depth  charge 
adaption  kits. 

$180.875 — E.  W.  Bliss  Co.,  Canton,  Ohio,  for 
lowering  rocket  hoist  26  ft.  high  for  use with  MK  108  rocket  launcher. 

$65,650 — Brush  Instruments  Div.  of  Clevite 
Corp.,  Cleveland,  for  repair  parts  for Polaris  program. 

$46,463 — Machinery  Service  Ltd.,  Honolulu, 
for  service  tower  for  TLM-18  antenna. Pacific  Missile  Range  facility. 
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names  in  the  news 

LOCKREM  PAGANELLI  OSTERHUS  WILSON  STEIN 

Scully-Jones  and  Company  has  an- 
nounced the  following  management  as- 

signments and  responsibilities:  J.  Dudley 
Lockrem,  while  remaining  as  vice  presi- 

dent and  secretary  of  the  company,  is  now 
chairman  of  the  board  of  Scully-Anthony 
Corp.;  Leonard  H.  Skoglund,  Jr.,  is  now 
president  of  Scully-Jones  International  and 
retains  the  position  of  vice  president- 
finance  and  treasurer  for  the  parent  com- 

pany; Arch  Johnston  becomes  assistant  to 
the  president  of  Scully-Jones  International, 
as  well  as  assistant  to  the  vice  president- 
finance  of  Scully-Jones  and  Company.  For 
the  parent  company,  Joseph  Kosinski, 
former  works  manager,  has  been  made 
vice  president-manufacturing;  Albert  W. 
Drantz,  former  assistant  chief  engineer, 
promoted  to  chief  engineer;  James  C. 
Rodgers  has  joined  the  company  as  direc- 

tor of  marketing;  Orvil  Matteson  has  been 
promoted  to  controller;  and  James  Sklenar 
is  manager  of  customer  service  and  dis- 

tributor relations. 

William  Mark:  Placed  in  the  newly 
created  corporate  position  of  vice-president- 
sales  of  the  Van  Keuren  Company,  Water- 
town,  Mass. 

Herbert  D.  Bissell:  Promoted  to  vice 
president,  corporate  marketing,  by  the 
Minneapolis-Honeywell  Regulator  Co. 

Carrol  M.  Shanks:  Former  president  of 
Prudential  Insurance  Company  of  America, 
has  been  elected  to  the  board  of  directors 
of  WEMS,  Inc.,  Hawthorne,  Calif. 

Charles  J.  Seeley:  Has  joined  Rixon 
Electronics,  Inc.,  Silver  Spring,  Md.,  as 
senior  vice  president  for  marketing  and 
general  administration. 

Dr.  Paul  Rosenberg:  Director  of  re- 
search of  Paul  Rosenberg  Associates,  Mt. 

Vernon,  N.Y.,  named  chairman  of  the 
Aerospace  Technology  Panel  for  Com- 

munications, Institute  of  the  Aerospace 
Sciences;  Dr.  John  R.  Pierce,  director  of 
research  communications  principles,  Bell 
Telephone  Laboratories,  Inc.,  Murray  Hill, 
N.J.,  and  Harry  I.  Davis,  deputy  assistant 
secretary,  U.S.  Air  Force,  have  been  named 
as  members  of  the  Panel. 

Thomas  I.  Paganelli:  Made  general 
manager  of  the  General  Electric  Com- 

pany's Heavy  Military  Electronics  Depart- 
ment, Syracuse,  N.Y. 

Ervin  J.  Osterhus:  Elected  president  of 
Designers  for  Industry,  Inc.,  to  succeed 
Charles  H.  Standish,  advanced  to  chairman 
of  the  board. 

Joseph  Kelley,  Jr.:  Has  joined  Telecom- 
puting Corporation,  Los  Angeles,  Calif, 

as  vice-president  for  corporate  develop- 
ment. He  will  conduct  activities  from  cor- 
porate offices  in  Washington,  D.C. 

S.  S.  Wilson:  While  continuing  to  func- 
tion as  Sel-Rex  Corp.,  Nutley,  N.J.,  vice 

president  of  sales,  has  been  elected  presi- 
dent of  the  Meaker  Co.,  a  subsidiary. 

Tucker  E.  Nason:  Former  sales  man- 
ager of  Long-Lok  Corp.,  Los  Angeles,  pro- 

moted to  the  post  of  vice  president,  sales. 

Dr.  Edward  V.  Somers:  To  head  up  as 
manager  a  new  research  department  re- 

cently created  at  the  Westinghouse  research 
laboratories. 

Clarence  J.  Sellner:  Appointed  to  the 
new  position  of  director  of  manufacturing 
at  Physical  Sciences  Corp.,  Pasadena, 
Calif. 

Peter  R.  Rossmann:  Joins  National 
Forge  Company  as  director  and  vice  presi- 

dent in  charge  of  all  manufacturing  oper- 
ations, engineering,  research  and  develop- ment. 

Philip  A.  Matcovich:  Named  to  a  new 
position  as  director  of  manufacturing  for 
the  Bulova  Research  and  Development 
Laboratories  division  of  Bulova  Watch  Co. 

Leonard  Mansky,  Jacob  Schacter  and 
Arthur  De  la  Parra:  Given  new  engineering 
management  posts  in  Loral  Electronics 
Corp.  as  follows:  Mansky,  made  manager, 
Antenna  Group;  Schacter,  manager,  Ad- 

vanced Systems  Techniques  Laboratory; 
and  De  la  Parra,  staff  manager,  Manufac- 

turing engineering. 

George  W.  Keown:  Vice  president  for 
marketing  at  Tung-Sol  Electric  Inc.,  elected 
to  the  company's  board  of  directors. 

J.  Paul  Jordan:  Vice  president  of  Gul- 
ton  Industries,  Inc.,  Metuchen,  N.J.,  named 

general  manager  of  the  company's  Mate- 
rials and  Ceramics  Div.;  Arthur  S.  West- 

neat,  Jr.,  made  technical  director,  Ad- 
vanced Electronics;  Edward  Hebditch, 

general  manager  of  the  Energy  Sources 
and  Alkaline  Battery  Div.;  Robert  G.  Day, 

continuing  as  manager  of  Gulton's  scan- ner systems  group,  has  been  appointed 
general  manager  of  the  Ortholog  Div.; 
and  Dr.  Robert  Shair  has  been  named  man- 

ager of  energy  sources  research  and  de- 
velopment in  the  Alkaline  Battery  Div. 

Lynn  Spence   and   Charles  Clement: 
Have  joined  Pan  American  World  Air- 

ways' Guided  Missiles  Range  Division, 
Patrick  AFB,  Fla.  as  engineer  in  charge 
of  the  Betatron  X-ray  generator  and  instru- 

mentation planning  engineer,  respectively. 

Norman  P.  Hays:  Eastern  representa- 
tive of  North  American  Aviation,  Inc.,  has 

been  elected  a  corporate  vice  president. 

Dr.  Douglas  Courtney:  Senior  vice  pres- 
ident of  Matrix  Corp.,  Arlington,  Va.,  has 

been  made  a  member  of  the  board  of 
directors. 

Irwin  D.  Stein:  Becomes  affiliated  with 
Power  Designs  Inc.,  Westbury,  L.I.,  N.Y. 
as  vice  president. 

H.  S.  Morris:  Former  marketing  direc- 
tor of  Altec  Lansing  Corp.,  Anaheim, 

Calif.,  has  been  made  vice  president  of 
Marketing,  and  C.  R.  Rininsland,  controller 
of  the  corporation,  has  become  vice  presi- 
dent-finance. 

Walter  F.  Burke:  Vice  president  and 
general  manager  of  McDonnell  Aircraft 
Corp.,  St.  Louis,  now  a  member  of  the 
board  of  directors  of  the  company. 

Gen.  Don  Flickinger:  Former  director 
of  life  sciences  for  the  U.S.  Air  Force,  has 
joined  the  Instrument  Division  of  Lear, 
Inc.,  as  a  consultant  in  the  field  of  man- machine  problems. 
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products  and  processes 

New  Product  of  the  Week: 

BEHLM AN -INVAR  Electronics 
Corp.  has  available  a  fully  transistorized 
1 00-amp  dc  supply  adjustable  from  22  to 
32  VDC.  Specifically  designed  for  missile 
ground  support  equipment,  qualified  to 
MIL-1-6181,  the  unit  can  be  operated 
from  208,  230,  or  460  VAC,  3  phase, 
57-63  cps,  and  provides  an  output  which 
is  regulated  to  better  than  lOmV  for 

DC  Power  Supply 

either  ±10%  line  changes  or  0  to  full 
load  changes. 

Ripple  is  less  than  5mV  and  the 
unit  features  a  special  construction 
which  results  in  exceptionally  low  load 
transients.  Complete  electronic  short 
circuit  protection  is  also  provided.  Each 
power  transistor  is  individually  fuse-pro- 

tected and  failure  is  visually  displayed. 
Circle  No.  225  on  Subscriber  Service  Cord 

Precision  Timing  Device 
John  Oster  Manufacturing  Co.,  Av- 

ionic  Div.,  has  developed  a  precision 
device  with  three-switch  and  one-poten- 

tiometer actions  as  a  function  of  time. 
The  device  utilizes  a  reversible  syn- 

chronous motor  for  a  time  base,  an 
electromagnetic  clutch-brake,  relays,  mi- 
croswitches  and  Geneva-type  actuating 
mechanisms.  Design  permits  flexibility 
of  timing  functions  and  adding  more 
switches. 

Circle  No.  226  on  Subscriber  Service  Cord 

Tunable  Microvoltmeter 

A  tunable  microvoltmeter,  developed 
by  the  Instrumentation  Div.  of  Infrared 
Industries,  Inc.,  for  use  in  applications 
requiring  transducer  noise-limited  oper- 

ations, is  continuously  tunable  from  10 
to  10,000  cycles/second  or  1  to  1000 
cycles/second  depending  on  the  model. 
Gain  variation  with  change  of  frequency 
and/or  bandwidth  is  less  than  3  db  over 
the  entire  tuning  range.  Maximum  full- 
scale  sensitivity  of  the  instrument  is 
0.003  microvolt  when  combined  with 
the  appropriate  preamplifier. 

Circle  No.  227  on  Subscriber  Service  Card 

Analog-Digital  Converters 
A  series  of  analog-digital  converters 

guaranteed  to  maintain  a  basic  accuracy 
of  ±0.01%  for  six  months  is  available 
from  Systems  Div.  of  Beckman  Instru- 

ments, Inc.  The  instruments  are  all- 
solid-state  and  built  to  standard  19-in. 
rack  dimensions. 

An  important  feature  of  the  new 
instrument  is  the  electrical  isolation  of 

digital  input  and  output  lines  from  con- 
version circuits  during  decision-making 

intervals.  This  prevents  external  noise 
from  interfering  with  internal,  low-level 
signals,  and  significantly  improves  pre- 

cision of  the  converter. 
Circle  No.  228  on  Subscriber  Service  Cord 

Binary  Counter 
Control  Equipment  Corp.  is  mar- 

keting a  Binary  Counter  BC-501  Digi- 
tal Module.  It  consists  of  four  standard 

flip-flop  circuits  connected  as  a  binary 
counter.  It  counts  from  0  through  15 
in  a  standard  binary  code  at  frequencies 

from  0  to  250  kc.  The  unit  has  an  a-c 
coupled  count  input  and  a  a-c  coupled 
direct  reset  input.  Both  the  "one"  and "zero"  outputs  are  available  from  each 
flip-flop.  The  binary  counter  will  drive 
other  modules  in  the  company's  line  di- rectly from  each  output. 

Circle  No.  229  on  Subscriber  Service  Card 

Ultra-Fast  Recovery  Diodes 
Micro  State  Electronics  Corp.,  is 

producing  diodes  with  0.5  nanosecond 
recovery  time.  Types  MS  2540  and 
MS  2541  are  diffused  junction  mesa 
diodes  with  the  low-charge  storage  char- 

acteristic of  gallium  arsenide  devices. 
Both  types  have  a  hermetically  sealed 
ceramic  and  metal  package,  making  it 

possible  to  operate  these  units  at  200°C. Both  have  minimum  breakdown  volt- 
ages of  6  volts,  with  the  maximum  cur- 
rent at  breakdown  being  0.1  ua  for  MS 

2540  and  1.0  ua  for  MS  2541. 
Circle  No.  230  on  Subscriber  Service  Cord 
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•OJ9 tSS 'ye  come  a  long  way . . . 

but  not  far  enough 

AFM'S  April  Issue  will  report  ASW's  current  status  and  future 
trends.  It  will  include:  A  profile  of  Vice  Admiral  Raborn,  who 

will  bring  fresh,  new  management  to  ASW  R&D  efforts. 'Navy's 
official  view  of  the  ASW  threat/Industry's  opinion  on  Navy's 
management  of  ASW  resources/Unofficial  views  from  Naval 
authorities  ASW  trends  and  future  material  requirements. 
Every  Defense  official  involved  in  ASW  will  read  this  issue  .  .  . 

tell  them  of  your  products  and  capabilities  before  the  "buy  de- 
cisions" are  made  by  advertising  in  AFM'S  "ASW  Report"  issue. 



Solenoids 

A  line  of  solenoids  capable  of  con- 
tinuous operation  in  temperatures  ex- 
ceeding 1000°F  have  been  developed  by 

Rocker  Solenoid  Co.  This  high  tempera- 
ture line  incorporates  a  unique  method 

of  coil-and-bobbin  manufacture  which 
increases  continuous  ratings  for  ad- 

vanced aerospace  applications  where 
engine  and  re-entry  temperatures  render 
conventional  solenoids  obsolete. 

Circle  No.  231  on  Subscriber  Service  Card 

Silicon  NPN  Transistors 

Four  epitaxial  silicon  transistors  are 
available  from  National  Semiconduc- 

tor Corp.  Designed  for  high-speed 
switching  circuits  and  high-frequency 
amplifiers,  these  devices  feature  low 
saturation  resistances  and  high  break- 

down voltages.  These  transistors  are 
designated  NS  381  to  384  and  are  pro- 

duced in  the  TO- 18  package.  Epitaxial 
configuration  cuts  storage  times  to  12 
nanoseconds  for  NS  383  and  NS  384 
and  to  15  nanoseconds  for  NS  381  and 
NS  382.  These  storage  times  are  less 
than  half  those  possible  with  straight 
planar  or  mesa  transistors. 

Circle  No.  232  on  Subscriber  Service  Card 

Rotary  Switches 

Mason  Electric  Corp.'s,  series  "L" 
miniature  rotary  switches,  designed  for 
standard  and  custom  applications,  use 
less  than  half  the  part  of  conventional 
switches.  They  may  be  used  as  a  1  pole 
12  position  through  any  grouping  to  6 

pole  2  position  and  each  of  12  positions 
may  be  separate  pole  by  simple  deletion 
of  jumpers.  Designed  to  fulfill  all  ap- 

plicable military  and  Navy  specifica- 
tions, they  have  a  maximum  dia.  of 

1  31/64  in. 
Circle  No.  233  on  Subscriber  Service  Card 

Vibration  Exciter 

A  high-frequency,  high-force  vibra- 
tion exciter  is  available  from  the  Indus- 
trial Products  Div.  of  International  Tel- 

ephone and  Telegraph  Corp.  The  ma- 
chine is  for  research  and  development, 

high-level  quality  control,  and  for  test- 
ing to  failure  small  devices  such  as  tran- 

sistors, capacitors,  and  resistors  over 
a  wide  frequency  range.  The  device 
provides  accelerations  to  well  above  100 
g  for  loads  of  less  than  one  ounce  at 
frequencies  to  above  20  kilocycles  per 
second.  The  frequency  response  is  flat 
to  the  first  resonance  at  11  kc;  output 
is  useful  to  about  50  kc.  The  wide 
bandwidth  makes  the  exciter  usable  for 
testing  with  wide-band  noise. 

Circle  No.  234  on  Subscriber  Service  Card 

CW  Oscillator-Amplifier 
An  oscillator  providing  accurate  CW 

signals  and  available  in  a  broad  range 
of  frequencies  has  been  announced  by 
Telonic  Industries,  Inc.  A  plug-in,  crys- 

tal-controlled unit  that  serves  as  a  sim- 

ple, inexpensive  source  of  CW  for  the 
instrumentation  or  systems  engineer 
requiring  such  signals,  the  oscillator  is 
available  in  any  frequency  from  200  kc 
to  75  mc,  with  an  accuracy  of 
±  0.005%. 

Circle  No.  235  on  Subscriber  Service  Card 

Solder  Gobbler 

Air-Vac  Engineering  Co.,  is  mar- 
keting a  hand  tool  for  cleaning  up  sol- 

der melted  with  a  soldering  iron.  It 
operates  on  a  vacuum,  drawing  molten 
particles  into  its  pyrex  glass  body.  A 
specially  designed  air  baffle  in  the  exit 
fitting  forces  the  solder  to  collect  on 
the  inside  of  the  glass  tube.  Heat  is 
not  a  problem  with  the  Teflon  tips  or 
the  pyrex  body.  When  enough  solder 
collects  in  the  tube,  it  is  a  10-sec.  job 
to  run  a  brush,  provided  with  each  Sol- 

der Gobbler,  through  the  tube  for  clean- 
ing out. Circle  No.  236  on  Subscriber  Service  Card 

new  literature 

ASTM -STEEL  PIPING— The  18th  Edi- 
tion of  ASTM  Specifications  for  Steel 

Piping  Materials- A-l ,  published  by  the 
American  Society  for  Testing  and  Ma- 

terials, contains  76  standards  to  aid 
those  concerned  with  pressure  piping, 
power  generation,  and  the  production  of 
petroleum  and  petroleum  products  and 
for  others  interested  in  general  engineer- 

ing applications  of  steel  tubular  prod- ucts. The  publications  was  compiled  by 
Committee  A-l  on  Steel  and  contains 
four  new  items  not  included  in  the  1960 
volume. 

Circle  No.  200  on  Subscriber  Service  Card 

ENCODER  BULLETIN— A  four-page 
bulletin  gives  detailed  electrical  and 
mechanical  specifications  on  the  Model 
213,  1000  counts  per  revolution,  shaft 
position  encoder  from  AR&T  Electron- 

ics, Inc.,  subsidiary  of  The  Baldwin 
Piano  Co.  Angular  shaft  displacement  is 
converted  into  electrical  signals  for  a  1 2- 
digit  readout  (3  four-digit  binary  nota- 

tions). Complete  and  comprehensive 
code  derivation/explanation  is  included. 

Circle  No.  201  on  Subscriber  Service  Card 

INERT-GAS/ AIR  SELECTOR.  —  De- 
scribed in  bulletin  61-5,  by  Kamweld 

Products  Co.,  includes  method  of  oper- 
ation, photograph,  functions  of  gas  se- 
lector and  safety  control.  This  selector 

and  safety  unit  is  designed  for  use  with 
one  or  two  thermoplastics  welders  op- 

erating with  either  inert-gas  or  com- 
pressed air. Circle  No.  202  on  Subscriber  Service  Card 

BERYLLIUM  COPPER— Application 
of  beryllium  copper  in  electronic  circui- 

try is  described  in  a  bulletin  available 
from  The  Beryllium  Corp.  The  bulle- 

tin describes  the  requirements  of  parts 
that  are  used  in  missile  guidance  com- 

puters and  tells  why  beryllium  copper 
was  selected.  Two  separate  beryllium 

copper  alloys  are  used  in  the  applica- 
tion covered  by  the  bulletin.  Complete 

information  is  provided  on  the  method 
and  technique  used  to  form  the  com- 

plex parts. Circle  No.  203  on  Subscriber  Service  Card 

ENGINEERING  REPORTS  —  Data- 
metrics  has  launched  a  series  of  Tech- 

nical Bulletins  directed  at  providing  the 
engineer  with  technical  information  on 
new  developments.  No.  1  tells  about  a 
new  type  of  electromechanical  data 
sampling  switch  that  provides  noise- 
free  operation  and  virtually  unlimited 
life.  No.  2  describes  a  type  of  differen- 

tial pressure  transducer  which  will  meas- 
ure pressure  differentials  from  1  x  10-6 psid  to  25  psid. 
Circle  No.  204  on  Subscriber  Service  Card 

44 missiles  and  rockets,  March  12,  1962 



Advertisers'  Index 

Aerojet-General  Corp.,  Sub. — 
General  Tire  &  Rubber  Co..  48 

Agency — D'Arcy  Adv.  Co. 

Elgin  National  Watch  Co., 
Micronics  Div.,  Elgin  Indus- 

trial Group    2 
Agency — Waldie  &  Briggs,  Inc. 

Fairchild  Stratos  Corp., 
Aircraft  &  Missiles  Div.  ...26,  27 
Agency — Emery  Adv.  Corp. 

Genisco,  Inc   1  1 
Agency — Curtis  Winters  Co.,  Inc. 

Goodyear  Aircraft  Corp   3 
Agency — Kudner  Agency,  Inc. 

Hughes  Aircraft  Co   40 
Agency — Foote,  Cone  &  Belding 

Lockheed  Missiles  &  Space  Co.  6 
Agency — Hal  Stebbins,  Inc. 

Lockheed  Propulsion  Co   28 
Agency — Foote,  Cone  &  Belding 

Northrop  Corp   47 
Agency — Doyle,  Done,  Bernboch,  Inc. 

Raytheon  Co., 
Missile  &  Space  Div   36 
Agency — Fuller  &  Smith  &  Ross,  Inc. 

Reinforced  Plastics  Dept.  of 
Raybestos-Manhattan,  Inc.  ...  10 
Agency — Gray  &  Rogers 

Space  Technology  Labs., 
Div.  of  Thompson  Ramo 
Wooldridge  Corp   8 
Agency — Fuller  &  Smith  &  Ross,  Inc. 

System  Development  Corp   33 
Agency — Fuller  &  Smith  &  Ross,  Inc. 

United  Technology  Corp.,  Sub. — 
United  Aircraft  Corp   4 
Agency — Hoefer,  Dieferich  &  Brown, Inc. 

Vitro  Electronics,  a  Div.  of 
Vitro  Corp.  of  America    7 
Agency — Buchen  Adv.,  Inc. 

—  when  and  where 
MARCH 

Electronic  Industries  Association  Spring 
Conference,  Statler-Hilton  Hotel.  Wash- 

ington, D.  C,  Mar.  13-16. 
Goddard  National  Space  Conference,  spon- 

sored by  the  National  Rocket  Club, 
Sheraton  Park  Hotel,  Washington,  D.C., 
Mar.  14-16  (Goddard  Memorial  Din- 

ner on  Mar.  16). 
Electric  Propulsion  Conference  and  Scien- 

tific Display  (classified),  sponsored  by 
American  Rocket  Society,  Hotel  Clare- 
mont,  Berkeley,  Calif.,  Mar.  14-16. 

National  Association  of  Corrosion  Engi- 
neers, Annual  Conference  and  Corro- 
sion Show,  Municipal  Auditorium, 

Kansas  City,  Mo.,  Mar.  19-23. 
Second  National  Symposium  on  Hyper- 

velocity  Techniques,  Denver  Research 
Institute,  University  of  Denver,  Colo., 
Mar.  20-21. 

Symposium  on  High-Temperature  Solution 
Chemistry,  American  Chemical  Soci- 

ety and  Office  of  Aerospace  Research, 
Chemical  Sciences  Directorate,  Wash- 

ington, D.  C,  Mar.  20-26. 
American  Chemical  Society  National  Meet- 

ing, Washington.  D.  C,  Mar.  20-29. 
Society  for  Industrial  and  Applied  Mathe- 

matics Spring  Meeting,  California  Insti- 
tute of  Technology.  Pasadena.  Mar. 

23-24. 
International  Convention  of  Institute  of 

Radio  Engineers  (IRE),  Coliseum  and 
Waldorf-Astoria  Hotel.  New  York  City, 
Mar.  26-29. 

Third  Symposium  on  Engineering  Aspects 
of  Magnetohydrodynamics,  sponsored 
by  Univ.  of  Rochester,  AIEE,  IRE, 
IAS,  Univ.  of  Rochester,  N.  Y..  Mar. 
28-29. 

APRIL 
Launch  Vehicles:  Structures  and  Materials 

Conference,  sponsored  by  the  American 
Rocket  Society,  Ramada  Inn,  Phoenix. 
Ariz.,  April  3-5. 

Second  Symposium  on  the  Plasma  Sheath, 
sponsored  by  Electromagnetic  Radia- 

tion Laboratory,  Electronics  Research 
Directorate,  L.  G.  Hanscom  Field. 
Mass.,  April  3-5. 

Nineteenth  Annual  Conference,  Society  of 
the  Plastics  Industry  Western  Section, 
Hotel  Del  Coronado,  Coronado,  Calif., 

April  4-5. American  Society  for  Quality  Control 
Workshop — Seminar  on  Management 
of  Quality  Control,  Hollywood  Roose- 

velt Hotel,  Los  Angeles,  April  4-6. 
American  Institute  of  Electrical  Engineers 

South  Central  Meeting,  Hotel  Peabody. 
Memphis,  April  4-6. 

Thirteenth  Annual  Advanced  Statistical 
Quality  Control  Institute,  Univ.  of 
Connecticut,  Storrs,  April  8-20. 

American  Institute  of  Electrical  Engineers, 
Rubber  and  Plastics  Industries  Confer- 

ence, Sheraton  Hotel.  Akron,  April 9-10. 

Instrument  Society  of  America,  National 
Chemical  and  Petroleum  Instrumenta- 

tion Symposium,  Wilmington,  Del., 

April  9-10. Thirty-third  Annual  Scientific  Meeting  of 
Aerospace  Medical  Association,  Chal- 
fonte-Haddon  Hall.  Atlantic  City,  N.  J., 

April  9-12. American  Society  of  Mechanical  Engineers. 
Metals  Engineering  Conference,  Shera- 

ton-Cleveland Hotel,  Cleveland.  April 9-13. 

Spring  National  Convention,  Society  of 
Nondestructive  Testing,  Pick-Carter 
Hotel,  Cleveland,  April  9-13. 

Southwest  Conference  and  Electronics 
Show,  sponsored  by  IRE,  Rice  Hotel. 
Houston,  April  11-13. 

Regional  Technical  Conference,  Society  of 
Plastics  Engineers,  University  of  Roch- 

ester, N.  Y.,  April  12. 
Conference  on  Refractory'  Metals,  Ameri- 

can Institue  of  Mining,  Metallurgical, 
and  Petroleum  Engineers,  Morrison 
Hotel,  Chicago,  April  12-13. 

American  Physical  Society,  Plasma  Physics 
Symposium,  Hilton  Inn,  Tarrytown. 
N.  Y„  April  13-14. 

Second  Conference  on  Kinetics,  Equilibria, 
and  Performance  of  High  Temperature 
Systems,  Western  States  Section  of  the 
Combustion  Institute,  University  of 
California,  Los  Angeles,  April  14-16. 

Thermodynamics  Conference,  Oklahoma 
State  University.  Stillwater.  April  16-17. 
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editorial 

The  AlAA'-and  What  Should  Follow 

DETAILS  OF  THE  proposed  constitution  and 
by-laws  of  the  American  Institute  of  Aero- 

nautics and  Astronautics  which  would  emerge  from 
a  consolidation  of  the  American  Rocket  Society 
and  the  Institute  of  the  Aerospace  Sciences  are 
carried  elsewhere  in  this  issue  (p.  38). 

We  wholeheartedly  support  the  plan  for  a  merger 
of  the  two  organizations.  This,  and  the  proposed 
merger  of  the  70,000-member  American  Institute 
of  Electrical  Engineers  with  the  90,000-member  Insti- 

tute of  Radio  Engineers,  could  do  much  to  eliminate 
the  confusing  and  time-consuming  overlap  between 
some  of  the  industry's  major  technical  societies. There  are  several  things  about  the  projected 
ARS-IAS  merger  which  concern  us,  however. 

The  statement  attributed  to  ARS  President 
W.  H.  Pickering  that  the  consolidation  will  not 
result  in  fewer  meetings,  although  it  will  produce 
meetings  of  more  value,  is  disappointing. 

We  had  hoped  that  one  outstanding  result  of  the 
ARS-IAS  and  AIEE-IRE  mergers  would  be  a  reduc- 

tion in  the  number  of  technical  meetings  forced 
upon  the  industry.  These  are  costly  both  in  mone\ 
and  in  time. 

Last  October,  Dr.  Pickering  himself  pointed  out 
that  industry  spends  $100  million  annually  on  these 
meetings.  He  called  on  the  various  societies  to  hold 
meetings  only  when  sufficient  timely  and  high- 
quality  papers  are  available. 

We  certainly  hope  the  new  AIAA  will  hold 
fewer  technical  sessions  than  the  combined  ARS 
and  IAS  total.  If  not,  one  of  the  worthwhile  objec- 

tives of  the  merger  will  have  been  lost. 
We  favor  the  proposed  consolidation  of  the  two 

societies  because  the  trend  of  technological  develop- 
ment in  the  industry  has  resulted  in  a  large  overlap 

in  the  objectives  of  the  rapidly  expanding  ARS  and 
what  used  to  be  the  Institute  of  Aeronautical  Sci- 

ences. It  was,  indeed,  this  very  trend  that  inspired 
the  change  from  "aeronautical"  to  "aerospace"  in the  IAS  name. 

IAS  President  L.  Eugene  Root  has  made  this 
same  point: 

"At  the  outset  of  these  studies,  motivation  came 
largely  from  a  desire  on  the  part  of  both  societies 
to  reduce  apparent  and  growing  overlaps  in  the 
schedules  of  meetings  and  in  technical  subjects.  .  .  ." 

We  therefore  face  the  merger  of  a  society  devoted 
entirely  to  astronautics  with  one  now  devoted  largely 
to  astronautics,  with  a  small  but  active  group  still  in- 

terested in  the  aeronautical  field. 
This  split  in  the  two  disciplines  of  astronautics 

and  aeronautics  is  evident  in  the  proposed  name  for 
the  new  society — American  Institute  of  Aeronautics 
and  Astronautics. 

But  nowhere  in  the  proposed  constitution  and 
by-laws  do  we  find  any  recognition  of  this  diversity. 
The  suggested  structure  makes  no  provision  for  a 
separation  of  the  group  into  astronautical  and  aero- 

nautical functions. 
We  hope  the  working  groups  will  give  some 

consideration  to  this.  Astronautics  and  aeronautics 
are  separate  disciplines  serving  what  now  are 
separate  industries. 

Consolidation  of  the  ARS  and  IAS  interests  in 
the  astronautical  field  is  welcome.  But  to  intermingle 
aeronautics  with  this  grouping  will  only  bring  into 
the  ARS  body  a  confusion  that  already  is  a  problem 
for  the  IAS.  Much  of  what  opposition  there  is  to 
the  merger  stems  from  the  fears  of  the  aeronautical 
group  that  it  will  be  lost  in  the  combined  Institute. 
This  is  a  legitimate  concern  which  should  be 
recognized. 

WE  WOULD  LIKE  to  see  the  AIAA  structure 
make  provision  for  the  separate  aeronautical 

interest.  This  should  include  separate  technical  meet- 
ings and  perhaps  a  separate  publication  or  publica- 

tions. Both  the  astronautical  and  aeronautical  dis- 
ciplines would  be  served  by  such  a  division. 

In  fact,  once  the  major  benefit  of  the  merger 
has  been  achieved — the  grouping  into  a  single  body 
of  the  astronautical  interests  of  the  two  organiza- 

tions— we  can  see  a  great  deal  to  recommend  again 
splitting  off  aeronautics  into  a  separate  society,  per- 

haps re-establishing  it  once  more  as  the  Institute  of 
Aeronautical  Sciences. 

Each  industry  and  discipline  thus  would  benefit 
from  a  purifying  of  its  major  technical  body.  It  still 
is  too  early  to  plan  such  a  development,  for  at  this 
time  it  would  only  confuse  the  projected  merger. 
But  some  forethought  should  be  given  to  this  eventu- 

ality in  setting  up  the  structure  of  the  new  AIAA. 
Final  study  report  of  the  IAS-ARS  steering 

committee  is  due  in  May.  The  two  organizations 
then  will  decide  independently  on  a  consolidation 
plan  to  be  submitted  to  the  memberships  for  a  vote. 

We  hope  every  member  will  take  enough  of  an 
interest  to  cast  his  vote,  whether  for  or  against. 
Nothing  would  be  more  saddening  than  to  see  the 
proposed  consolidation  fail  because  the  member- 

ships were  too  lethargic  to  provide  the  necessary 
majority. 

William  J.  Coughlin 
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This  thin  panel  stopped  a  meteorite 

(man-made,  traveling  at  21,000  feet  per  second) 

A  steel  pellet  struck  this  panel  at  2 1 ,000  feet  per  second  — 
more  than  six  times  the  speed  of  a  high  powered  rifle  bullet 
—  but  could  not  pierce  it.  It  disintegrated  after  puncturing 
the  outer  metal  skin,  and  dissipated  all  its  energy  without 
reaching  the  inner  lining. 

This  composite  honeycomb  panel  is  one  of  the  tech- 
niques Northrop  is  developing  to  protect  spacecraft  against 

meteorite  collisions.  The  entire  lightweight  panel  is  less 
than  half  an  inch  thick,  and  the  honeycomb  is  filled  with 

sealant  to  prevent  air  from  escaping  in  case  a  particle 
should  ever  penetrate. 

Though  most  of  the  meteorites  a  spacecraft  is  likely  to 
encounter  will  be  fine  as  dust,  some  may  be  as  large  as 
buckshot,  and  dense  enough  to  puncture  an  ordinary  metal 
skin.  The  search  for  materials  to  meet  this  hazard  is 

another  example  of  Northrop's  practical  work  on  the problem,  of  space  |^Q||J||  
RQP 



DESIGNED  FOR  DIVERSITY 

Aerojet's  multi-purpose  drone 
The  AN/USD-2  drone  is  designed  to  serve  the  field  commander  on 
tomorrow's  battleground.  Rugged  and  reliable,  the  current  AN/USD-2 
will  provide  a  capability  for  day  and  night  battlefield  surveillance, 
demonstrated  in  full-duration  flights  under  Army  cognizance. 

An  advanced  AN/USD-2,  proposed  for  development,  would  be 
a  mobile  multi-purpose  system  with  expanded  capabilities. 

SURVEILLANCE  of  enemy  territory 

DIVERSIFIED  PAYLOAD  capability 

AERONAUTICAL  DIVISION 

CORPORATI  ON 
Downey,  California 

Engineers,  scientists— investigate  outstanding  opportunities  at  Aerojet. 
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GUIDANCE  COMPUTER 

for  NASA'S  CENTAUR 

Sometime  this  year,  CENTAUR  will  be  spaceborne.  Already,  the  projected  uses  of  CENTAUR  bear 

fascinating  implications  for  the  future . . .  placing  a  satellite  in  an  orbit  so  exacting  that  it  will  remain 

in  one  spot  over  the  earth's  surf  ace ...  soft  landings  on  lunar  and  planetary  bodies ...  timed  launchings 
of  several  satellites  from  a  single  vehicle.  Several  major  guidance  functions  will  be  performed  in 

CENTAUR  by  a  compact  digital  computer  system  from  Librascope.  It  weighs  62  pounds,  occupies 

little  more  than  %  cubic  foot.  A  note  to  Librascope  outlining  your  control  problems  will  bring  a  prompt 

answer  from  the  country's  most  versatile  manufacturer  of  computer  control  systems. 

LIBRASCOPE  DIVISION 
GLENDALE  1,  CALIFORNIA 

Circle  No. 1 on  Subscriber  Service  Card 



GENERAL  ELECTRIC  RTV  SILICONE  RUBBER 

KEEPS  THE 

THE  X-1S! 

Critical  pressurized  areas  of  the  X-15,  designed  and  built  by 
North-  American  Aviation  through  a  joint  NASAAir  Force- 
Navy  research  project,  are  sealed  with  General  Electric  RTV 
(room  temperature  vulcanizing)  silicone  rubber.  After  a  thor- 

ough analysis  of  all  high  temperature  sealants,  RTV  was 
selected  to  seal  the  aft  bulkhead  behind  the  cockpit,  instrumen- 

tation compartment  and  shelving  near  the  ship's  mid-section. 

RTV  adhesive  seals  heating  blanket  for  helium  pressure  regu- 
lator. RTV  rubber  forms  tenacious  bonds  to  most  materials  pro- 
vided surfaces  are  properly  primed.  It  is  easily  removed  from 

unprimed  surfaces.  It  can  be  applied  by  dipping,  pouring, 
spraying  or  buttering — cures  in  place  at  room  temperature  to 
form  a  tough,  flexible  seal.  Cure  times  can  be  varied  from  min- 

utes to  hours  depending  on  catalyst  used  and  heat,  if  applied. 

TYPICAL  PROPERTIES  OF  RTV  SILICONE  RUBBER 

RTV-]  1 RTV-20 RTV-40 RTV-60 RTV-77 RTV-88 RTV-90 
Viscosity,  Poises 120 300 

450 

550 8,000 

10.000 
12,000 

Color 
White Pink White Red 

White 
Red Red 

Consistency 
Easily 

Pour- 

able 
Pourable Spreadable Thixotropic 

Paste 
Stiff Paste 

Temperature                FROM  -90°FTO  +  600°F  FOR  EXTENDED  PERIODS Resistance             TO  9.000  F  FOR  LIMITED  TIME  AS  THERMAL  INSULATION 
Specific  Gravity 1.18    |    1.35    |    1.37    |    1.47     |     1.33     |    1.47   |  1.47 
Radiation  Resistance 1  0:  ergs/gram 
Tensile  Strength,  psi 350 450 550 

650 
500 

750 

750 
Shrinkage,  % 0.4 0.2 0.2 0.2 0.3 0.3 0.2 
Durometer,  Shore  A 45 50 55 60 50 

65 

60 
Volume  Resistivity, 

ohm-cm 

6x10" 
5x10" 

1x10" 2x10" 
1x10" 1x10" 2x10" 

Solids  Content,  % 100 100 100 100 

100 

100 

100 

Elongation,  % 
180 

140 120 
110 

220 110 190 

Protection  against  hydrogen  peroxide  spillage  is  provided  by 
RTV  silicone  rubber  coating  on  this  three  position  actuator. 
RTV  is  commonly  used  to  protect  against  moisture  and  many 
chemicals.  It's  used  in  almost  all  U.S.  missiles  and  space vehicles,  not  only  for  sealing,  but  for  electronic  potting  and 
encapsulating,  and  as  thermal  insulation.  It  combines  excel- 

lent electrical  properties  with  physical  protection. 
If  you  would  like  a  free  sample  for  evaluation,  write  on  your 
letterhead,  describing  your  application.  Section  0366,  Silicone 
Products  Department,  General  Electric  Co.,  Waterford,  N.  Y. 

A  wide  range  of  RTV  compounds  meet  a  variety  of  application 
requirements.  Low  viscosity  RTV-11  (or  transparent  LTV-602) 
is  used  for  potting  electronic  assemblies  and  coil  impregnation. 
RTV-77,  88  and  90  are  mainly  used  for  high-temperature  seal- 

ing and  for  thermal  insulating  and  ablative  applications. 
Intermediate  viscosities  meet  other  insulating  and  sealing  re- 

quirements, are  also  used  as  flexible  mold  materials. 

GENERAL ELECTRIC 

:le  No.  2  on  Subscriber  Service  Card 



If  this  new  type  deposited  carbon  resistor  were  placed  in 

service  today,  would  it  perform  until  24962  A.D.  ? 

Frankly,  we  do  not  expect  a  single  resistor  to  last  that 
long.  However,  this  23.000-year  life  span  is  expressed 
in  another  way— not  more  than  one  failure  in  23,000 
resistor  years,  or  a  rate  of  .0005%, 'one  thousand  hours 
in  certain  missile  system  resistors  for  which  the  Bell 
System  is  responsihle. 

Substantial  numbers  of  laboratory  tests  predict  that 
this  high  degree  of  reliability  will  be  achieved  over  a 
reasonable  span  of  years. 

For  missile  systems  employing  millions  of  these 
resistors  to  be  practical,  the  above  failure  rate  must  be 
attained.  The  Bell  System  — through  its  manufacturing 
and  supply  unit,  Western  Electric— found  that  manual 
methods  of  manufacturing  were  inadequate. 

So  a  completely  automated  production  process, 
utilizing  a  digital  computer  as  the  heart  of  the  new 
system,  was  designed  and  built.  It  is  the  first  of  its 
kind.  The  computer  maintains  the  necessary  process 
controls  throughout  production  in  order  to  insure  the 
high  reliability  required. 

This  dramatic  example  of  the  Bell  System's  com- 
munications dependability  is  another  instance  of  the 

high  standards  applied  to  the  Bell  System's  work  in  the nation's  defense. 

;AJ  BELL  TELEPHONE  SYSTEM 

AMERICAN  TEL.  &  TEL.  CO.    /    WESTERN  ELECTRIC  CO.    /     BELL  TELEPHONE  LABORATORIES    /    21  OPERATING  COMPANIES 
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Robert  R.  Gilruth,  director  of  Project  Mer- 

cury, has  been  chosen  1962  winner  of  the 
Goddard  Memorial  Trophy  for  his  leader- 

ship of  the  team  that  produced  the  first 
U.S.  manned  orbital  flight.  See  p.  15. 
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letters 

MARKETING 

CONTRACT 

ADMINISTRATION 

Minneapolis-Honeywell  Ord- 
nance Division  has  immediate 

openings  in  its  Minneapolis 
Service  Engineering  depart- 

ment for  military  marketing 
specialists  and  contract 
administrators. 

The  responsibilities  of  these 
non-supervisory  positions  in- 

clude: coordinating  sales  pro- 
posals and  bid  presentations; 

planning  and  preparation  of 
divisional  sales  programs; 
monitoring  existing  contracts 
and  coordinating  all  custom- 

er contact  for  the  division. 

Applicable  experience  in  mil- 
itary products  market  or  con- 
tract administration  required 

for  these  positions.  B.  S. 
degree,  preferably  in  techni- 

cal field,  required. 

Qualified  applicants  please 
write: 

William  W.  Craven,  Jr. 
Professional  Employment 
Staff 

Minneapolis-Honeywell 
Ordnance  Division 
600  N.  Second  St. 

Hopkins  (Minneapolis), 
Minnesota 

An  Equal  Opportunity  Employer 

Honeywell 

[if]  'Rfete^TWwtr  Qmp 
To  explore  professional  opportunities 
in  other  Honeywell  operations,  coast 
to  coast,  send  your  applications  in 
confidence  to  H.O.  Eckstrom,  Honey- 

well, Minneapolis  S,  Minn. 

On  'Best  Guy'  Procurement 
To  the  Editor: 

Just  when  (he  Defense  Department 
seemed  to  be  including  incentive  in  gov- 

ernment procurement  through  use  of  the 
Cost-Pius-Incentive  Fee  contracts,  NASA 
is  charging  off  in  an  opposite  direction. 
Specifically,  I  refer  to  the  recent  awards 
made  to  MIT  and  GE  on  the  Apollo 
program. Certainly  few  could  deny  that  these 
two  great  organizations  are  well  qualified 
to  handle  these  assignments.  But  the  long- 
term  effects  of  this  "best  guy,"  non-com- petitive procurement  could  have  significant 
impact  on  the  industry.  Such  a  policy 
would  reduce  competition  among  firms, 
leave  little  incentive  for  companies  to  fund 
their  own  R&D  programs,  and  could  well 
propagate  a  new  generation  of  senile  firms. 
One  more  point — and  I  know  this  is  un- 

thinkable— such  a  policy  could  be  used 
by  an  unscrupulous  Secretary  of  Labor  to 
advance  "the  cause"  during  an  election 

year. 
Quentin  W.  Fleming 
Orange,  Calif. 

Tonsorial  Approach 
To  the  Editor: 

Having  just  read  the  item  headed 
"  'Conflict'  Uncertainties  Resolved"  (the 
President's  memorandum  on  "conflict  of 
interest"  problems  of  government  advisers and  consultants,  M/R,  Feb.  19,  p.  38), 
might  I  volunteer  the  services  of  my  barber 
as  the  next  director  of  NASA? 

Despite  the  horrendous  price  we  seem 
to  pay  for  haircuts,  my  barber  assures  me 
that  he  does  not  own  any  stock  in  any  of 
the  companies  working  on  NASA  pro- 

grams, nor  does  he  own  stock  in  any  banks 
which  might  lend  money  to  help  capitalize 
programs  for  these  companies.  In  fact,  he 
is  such  a  personal  rowdy  that  his  chances 
of  having  any  type  of  estate  for  any  length 
of  time  are  practically  nil. 

His  personal  habits  are  such,  in  fact, 
to  insure  that  even  the  most  venal  com- 

pany would  not  hire  him  to  "pick  his 
brains"  after  he  completed  his  assignment. 
This  is  very  important,  as  you  know. 

His  family  situation  is  also  ideal.  Al- 
though he  was  acquitted  in  the  case,  the 

fact  remains  that  he  has  absolutely  no  fam- 
ily ties  left — and  therefore,  obviously,  his 

"influence"  can't  possibly  rub  off. 
He's  probably  too  dumb  to  be  dis- honest, which  is  obviously  a  fine  attribute 

in  this  particular  instance. 
I  was  assured  by  him,  when  I  suggested 

he  try  out  for  the  job,  that  he  would  be 
perfectly  willing  to  make  a  clean  breast 
of  all  remuneration,  private  employment, 
etc.,  so  long  as  it  was  held  as  privileged 
information  from  the  Internal  Revenue 
Service. 

In  short,  here  is  a  man  who  really  fills 
the  bill.  The  perigee  that  we  are  obviously 

seeking  to  lead  us. 
The  utter  foolishness  of  "conflicts  of 

interest"  hoopla  must  be  brought  to  the 
attention  of  thinking  American  people.  If 
they  have  sunk  so  morally  low  as  to  dis- 

qualify every  qualified  person  from  holding 
public  office  because  he  might  possibly 
lack  the  personal  integrity  to  do  his  public 
duty,  then  we  really  in  the  final  analysis 
will  be  faced  with  the  situation  described 

by  my  barber. The  rules  and  regulations  which  are 
being  promulgated  have  obvious  danger. 
The  honest  man  won't  touch  government 
with  a  ten-foot  pole.  The  dishonest  man 
will  not  change  his  way  of  doing  things, 
he'll  simply  get  into  the  saddle,  because  he 
is  the  only  one  left  with  the  minimal  basic 
intelligence  which  could  be  swallowed  by 
the  persons  required  to  make  the  appoint- ments. 

By  violating  a  basic  tenet  in  Anglo- 
Saxon  law — that  a  person  presumptively 
acts  in  a  lawful  and  moral  way — we  are 
heading  down  the  path  of  utter  chaos. 

What  this  country  needs,  of  course,  are 
the  very  people  we  disqualify  on  the  altar 
of  possible  "conflicts  of  interest."  The  in- dustrialists with  the  proven  administrative 
capability;  the  engineer  who  has  become 
the  leader  in  his  field;  the  retired  military 
officer  who  appreciates  the  operational 
problems  from  first-hand  experience.  .  .  . 

My  God,  how  the  Russians  must  laugh 
at  us! 

Frank  Walker 
Clinton,  Md. 

Solar  Heating 

To  the  Editor: 
John  Russell,  the  son  of  one  of  your 

subscribers  and  an  astronomy  student  of 
mine,  brought  to  my  attention  the  series 
of  articles  on  the  outer  planets  by  Robert 
L.  Forward  which  you  have  been  publish- 
ing. 

I  have  read  them,  as  far  as  the  Uranus- 
Neptune  one,  with  interest  and  pleasure; 
if  I  can  separate  the  issues  from  John  on 
a  more  permanent  basis.  I  shall  use  them 
as  reading  assignments  in  my  astronomy 
courses. 

There  was  one  slip,  however,  in  the 
most  recent  series  ("  The  Twins' — most 
Hospitalble  of  Outer  Planets?",  M/R.  Jan. 
22,  p.  35).  Starting  at  the  middle  of  the 
first  column  on  p.  36,  Mr.  Forward  refers 
to  the  radiation  equilibrium  temperature 
of  a  planet  as  being  the  maximum  temper- 

ature which  can  be  accounted  for  by  solar 
heating.  This  is  not  the  case;  black  body 
radiation  equilibrium  temperature  repre- 

sents, in  general,  a  minimum.  If  an  object 
is  not  a  perfect  radiator  it  will  have  to 
warm  up  still  farther  in  order  to  radiate 
at  the  same  rate  as  it  is  receiving  energy. 
The  earth,  for  example,  is  10  to  15  Centi- 

grade degrees  warmer  because  of  "green- house effect"  than  it  would  be  if  it  lacked 
an  atmosphere  and  were  that  much  closer 
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to  being  a  "black  body."  The  same  effect seems  to  be  far  more  pronounced  on 
Venus,  if  the  radio  estimates  of  its  sur- 

face temperature  are  justified. 
This  does  not  refute  Mr.  Forward's 

suggestion  that  there  may  be  internal  heat- 
ing in  the  giant  planets;  but  there  are  no 

present  grounds  that  I  know  of  for  saying 
that  this  must  be  the  case. 

Harry  C.  Stubbs 
Milton  Academy 
Milton,  Mass. 

Doppler  MDI  System 
To  the  Editor: 

We  have  noticed  several  discrepancies 
and  omissions  in  the  article  entitled  "A 
Gamma-Ray  Miss-Distance  Indicator" 
(M/R,  Jan.  15),  which  we  are  sure  you 
will  wish  to  correct. 

PARAMI  and  MATTS  are  not  the  only 
MDI  systems  in  operational  use.  The  Dop- 

pler system  (not  the  Doppler  radar  sys- 
tem you  mention)  has  been  successfully 

used  for  years.  The  system,  the  AN/USQ- 
11  and  -11A,  has  been  developed  by  the 
Naval  Ordnance  Laboratory,  and  several 
manufacturers  have  been  supplying  com- 

ponents for  it.  .  .  . 
A.R.F.  Products,  Inc.,  one  of  the  sys- 

tem manufacturers,  has  been  supplying 
components  for  this  system  since  mid- 1959. 
This  system  is  in  operational  use  at  White 
Sands  Missile  Range  for  several  rocket- 
type  targets.  A  variation  of  the  USQ-11A 
system  will  be  used  for  the  Nike-Zeus  tests 
in  the  Pacific. 

The  Doppler  MDI  system  has  the  ad- 
vantage of  providing  both  the  closing  ve- 

locity and  miss-distance  information  for 
miss-distance  from  less  than  10  ft.  to  over 
1000  ft.  with  good  accuracy,  without  equip- 

ment modification.  No  storage  of  radio- 
active materials  is  necessary,  and  both  tar- 

gets and  missiles  can  be  used  directly  from 
storage  without  special  preparations. 

The  Doppler  MDI  system  is  practically 
non-cooperative.  Since  it  requires  only  a 
telemetry  transmitter  on  the  missile,  in 
most  cases  already  present  for  data  link 
use,  no  modifications  are  necessary  and  no 
restrictions  are  imposed  on  data  transmis- 

sion. The  target  transponder  weighs  less 
than  4  lbs.  complete,  when  using  the  target 
power  source,  or  less  than  7  lbs.  with  self- 
contained  batteries.  (The  Gamma-Ray 
MDI  has  to  have  a  complete  telemetry 
transmitter  provided  for  transmitting  data 
to  the  ground,  besides  the  MDI  equip- 

ment.) In  weight  (and  in  size)  the  Dop- 
pler MDI  therefore  has  a  definite  advan- 

tage. Our  experience  indicates  that  even 
the  4-lb.,  6-in.,-dia.  by  3-in.-long  MDI 
transponder  may  be  too  large  for  some  of 
the  targets,  and  a  still  smaller  version  is 
under  development. 

From  the  figures  cited  at  the  end  of 
your  article,  it  appears  that  the  Doppler 
MDI  system  compares  favorably  in  price 
with  the  Gamma-Ray  MDI. 

Andrzej  Przedepelski 
E/C  I.  &  G.  R.  Dept. 
A.R.F.  Products,  Inc. 
River  Forest,  111. 

/  / 

From  Air  Launch  to  Target,  Poly-Scientific  Capsule 
Slip  Rings  Assist  in  Guiding  the  (GAM87A)  Skybolt 
Ballistic  Missile. 

Rotor  of  133  rings, 
common  to  double 
stack  stator. 

Rotor  of  75  rings  and 
matching  stator. 

POLY- SCIENTIFIC 
C  O  R  P  O  RATI  O  N 

Blacksburg,  Virginia 
Product  Reliability  Is  Priceless 
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*The  United  Aircraft  Corporate  Systems  Center 

Men  of  diverse  technical  and  scientific  disciplines  at  UAC's  Corpo- rate Systems  Center  are  dedicated  to  a  single  purpose:  to  develop, 
manage  and  produce  the  complex  systems  which  will  shape  man's future.  Broad  as  that  canvas  may  be,  the  brush  strokes  must  be 
applied  with  infinite  patience  and  consummate  skill.  While  some 
C.S.C.  scientists  and  engineers  are  active  at  the  concept  and  anal- 

ysis level,  others  are  engaged  in  detailed  feasibility  studies  and 
experimental  development. 

Under  contract  to  the  U.  S.  Air  Force,  C.S.C.  is  currently  designing 
and  developing  an  advanced  stellar  inertial  guidance  system.  Other 
programs  involve  mobile  ballistic  missiles,  terminal  air  defense, 
orbital  rendezvous  and  satellite  navigation  and  control.  Simultane- 

ously, our  Weather  System  Center  is  assisting  the  Air  Force  and  the 
F.A.A.  in  developing  integrated  and  vastly  accelerated  methods  for 
gathering  and  processing  weather  data. 

Corporate  Systems  Center  staff  members  enjoy  funding  stability, 
while  being  in  a  position  to  take  advantage  of  the  tremendous  scien- 

tific and  engineering  capabilities  and  R&D  facilities  of  United 
Aircraft  Corporation. 

Today  the  Center  is  vastly  expanding  its  operations  in  a  variety  of 
systems  fields  and  has  desirable  openings  at  all  levels  in  the  areas  of 
Guidance  and  Control  Systems  •  Weather  Systems  Design  •  Computer 
R&D  '  Reliability  •  Manufacturing  Planning  and  Control  •  Space  Sys- 

tems Requirements  •  Operations  Analysis  •  Advanced  Weapons 
Systems  •  Advanced  Programming  •  Conceptual  Design  •  Electronic 
Systems  Engineering.  Address  your  inquiry  or  resume  to  Mr.  T.  W. 
Wraight,  Personnel  Manager,  UAC  Corporate  Systems  Center, 
Windsor  Locks,  Connecticut  —  an  equal  opportunity  employer. 

United 

CORPORATE  SYSTEMS  CENTER 

Aircraft 
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The  Countdown 

WASHINGTON 

New  Spacecraft  Planned 

Next  big  step  in  the  U.S.  space  effort  will  be  a  program 
for  unmanned  spacecraft  which  will  return  to  earth  with 
their  payloads  after  lunar  and  interplanetary  missions. 
Although  none  has  yet  been  approved,  NASA  officials 
are  studying  a  list  of  proposals  for  these  new  craft. 

Limited  Tests  for  ICBM  Warheads 

When  the  U.S.  begins  nuclear  testing  in  the  Pacific 
later  this  year,  one  of  the  most  important  series  will  be 
proof  tests  of  existing  ICBM  warheads.  These  tests  will 
not  cover  the  full  ICBM  ranges,  however,  due  to  AF 
fears  that  the  missiles  might  stray  into  atolls  outside  the 
test  area. 

NASA  Views  on  Superbooster 

With  the  current  emphasis  on  orbital  rendezvous  for 
the  first  lunar-landing  missions,  NASA  now  considers  the 
Nova  superbooster  as  the  main  element  in  a  transporta- 

tion system  to  set  up  and  supply  a  manned  lunar  base. 
With  nuclear  upper  stages  expected  to  be  operational  at 
about  the  same  time  as  Nova,  payload  capability  to  escape 
velocity  is  expected  to  reach  300.000  lbs. 

Soviet  Missiles  Phasing  In 

Air  Force  intelligence  officers  say  the  cross-over  point 
in  Soviet  strategic  reliance  on  missiles  from  aircraft  now 
is  expected  to  be  reached  in  the  mid-1960's.  Manned 
aircraft  are  expected  to  remain  an  important  element  in 
the  Russian  striking  force  for  the  rest  of  the  decade, 
however.  Congressmen,  meanwhile,  are  wondering  about 
the  value  of  our  military  intelligence.  They  say  AF  esti- 

mates of  Soviet  missile  strength  they  received  last  Sep- 
tember were  only  3.5%  of  those  in  1959. 

Wallops  Gets  Walloped 

The  recent  Atlantic  storm  disrupted  operations  at 
NASA's  Wallops  Island  station  but  did  little  major  dam- 

age. Most  affected  were  radar  equipment  and  the  two 
Scout  telemetry  ships  which  were  at  sea  during  the  storm. 
The  Scout  launch  vehicle  program  will  not  be  delayed, 
although  other  launches  may  slip  about  two  weeks. 

First  International  Satellite  Scheduled 

Launch  of  the  first  S-51  international  satellite  now  is 
scheduled  from  Cape  Canaveral  for  next  month.  The 
joint  United  Kingdom-U.S.  project  will  study  cosmic  and 
solar  radiation. 

INDUSTRY 

Initial  Titan  II  Launch  Scheduled 

First  launch  of  Martin's  Titan  II  storable  missile  with 
inertial  guidance  was  scheduled  for  late  last  week  at  Cape 
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Canaveral.  Successful  captive  firing  on  March  9  built  up 
full  thrust  of  430,000  lbs.  for  20  sec.  Total  thrust  of  two- 
stage  Titan  II  is  530,000  lbs. 

Short  Schedule  for  M-l  Engine 

Although  the  contract  was  awarded  only  two  months 
ago,  the  first  M-l  liquid  hydrogen  engines  are  to  be 
delivered  by  Rocketdyne  within  two  years.  Reason  for  the 
shortcut:  the  1.2-million-lb. -thrust  M-l  will  be  based  on 
technology  established  during  the  development  of  the 
200,000-lb.  J-2  engine. 

Low-level  Funding  for  Dyna-Soar 

Dyna-Soar  is  funded  at  only  $115  million  in  the 
Fiscal  '63  budget.  DOD  will  oppose  industry  and  AF 
pressure  to  increase  this.  Program  was  funded  at  $100 
million  in  FY  '62,  with  DOD  rejecting  an  $85-million 
Congressional  add-on. 

IT&T  Systems  Employed  on  Mercury  Flight 

First  full-scale  test  of  the  new  IT&T  physiological 
monitoring  console  was  made  at  Edwards  AFB  during 
the  Friendship  7  orbits.  Data  on  volume,  pressure  and 
rate  of  air  breathing,  heart  beat,  G  forces,  together  with 
body,  suit  and  cabin  temperatures  were  gathered  on  each 
pass.  Aerospace  Data  Systems  Branch  personnel  at  the 
AF  Flight  Test  Center  are  pleased  with  the  results,  par- 

ticularly in  light  of  the  system's  real-time  display,  a  critical 
area  in  the  forthcoming  Dyna-Soar  program. 

Telstar  Satellites  in  Final  Test 

First  three  Telstar  satellites  are  in  final  test  phase  at 
Bell  Labs'  New  Jersey  facilities.  Two  of  the  three  are 
for  back  up.  First  launch  of  the  experimental  communi- 

cations satellite  has  slipped  to  late  May  due  to  a  NASA 
launch  schedule  shift. 

INTERNATIONAL 

Australian  Radio  Mystery 

Aid  of  U.S.  satellite  programs  will  be  enlisted  in  an 
attempt  to  solve  the  mystery  of  a  low-frequency  radio 
noise  emanating  from  the  Tasman  Sea  about  200  miles 
off  Australia.  Prime  suspect  as  the  original  source:  the  sun. 

British  Find  Ultraviolet  Sources 

Ultraviolet  stellar  astronomy  from  British  Skylark 
rockets  has  resulted  in  discovery  of  a  number  of  ultra- 

violet sources,  some  of  which  have  been  identified  with 
early-type  stars.  These  are  extremely  hot,  with  an  exterior 
minimum  temperature  of  20,000°K.  Further  flights  are 
to  be  made  to  distinguish  different  regions  of  the  UV 
spectrum. 
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GARRETT-AIRESEARCH 

has  immediate  openings 

for  work  on 

SPACE 

ENVIRONMENTAL 

SYSTEMS 

For  major  programs  now  under  way,  including  project  Apollo 

environmental  system,  AiResearch  immediately  needs  pre- 

liminary design,  creative  board-type  designers  and  hardware 
development  engineers  at  all  levels,  with  backgrounds  in  the 

following  disciplines: 

Thermodynamics 

Fluid  Mechanics 

Heat  Transfer 

Controls 

Stress  and  Vibration 

Systems  Engineering 

Cryogenics 

Test  Engineers 

Here  is  an  opportunity  to  participate  in  a  major  expansion 

of  a  company  which  pioneered  the  space  environmental  field. 

Specific  experience  in  space  environmental  controls  is  desirable 

but  not  necessary.  Education  requirements  are  B.S.  and  up. 

Garrett  is  an  "equal  opportunity"  employer. 

Please  send  complete  resume  to  Mr.  Tom  Watson,  Dept.  6 

AIRESEARCH  MANUFACTURING  DIVISION 

9851  So.  Sepulveda  Blvd.,  Los  Angeles  45,  California 

The 

Capsules  Slimmed  for  18  Orbits 

McDonnell  Aircraft  Corp.  is 

"stripping  down"  the  Mercury  space 
capsule  to  prepare  it  for  one-day 
orbital  flights  early  next  year. 

The  first  of  four  such  capsules  is 
scheduled  to  be  delivered  to  NASA 
late  this  year. 

Major  piece  of  equipment  which 
will  be  scrapped  is  the  75-lb.  peri- 

scope. NASA  officials  report  that  it 
is  not  needed  and  that  the  pilot  can 
do  the  necessary  visual  sighting 

through  the  capsule's  portholes. Other  equipment  which  is  being 
removed  includes:  underwater  bombs 

(used  as  an  aid  in  determining  im- 
pact point),  one  command  receiver, 

backup  recovery  beacon,  backup 
UHF  radio,  and  one  of  the  two  cap- 

sule telemetry  systems. 
Equipment  which  will  be  added 

to  give  the  capsule  an  18-orbit  cap- 
ability includes  14  lbs.  of  batteries, 

50%  more  oxygen  and  tankage  and 
more  water  for  the  cooling  system. 

When  all  the  shifting  is  com- 
pleted, the  18-orbit  Mercury  capsule 

will  weigh  slightly  less  than  the  4200- 
lb.  MA-6  capsule. 

Meanwhile,  space  agency  officials 
are  going  ahead  with  preparations  for 
the  next  U.S.  manned  orbital  flight 
scheduled  for  May.  The  MA-7  flight 
with  Astronaut  Donald  K.  Slayton  at 
the  controls  will  be  a  virtual  rerun 
of  MA-6,  with  no  major  changes  in 
the  flight  plan  or  the  capsule. 

Shots  of  the  Week 

A  M inuteman  missile  was 
launched  from  its  underground  silo 
March  8  and  successfully  reached  its 
target  3000  miles  down  the  Atlantic 
Missile  Range.  It  was  the  sixth 
straight  success  for  the  solid-fueled ICBM. 

In  other  shots: 

•  Another  classified  AF  satel- 

lite— carrying  "a  number  of  classi- 
fied components"  —  was  launched 

aboard  an  Atlas-Agena  B  booster 
March  7  from  Point  Arguello,  Calif. 

•  The  first  flight  test  of  the  solid- 
propellant  Terrier-Asp  IV  was  made 
successfully  by  the  Navy  from  Ar- 

guello on  March  14. 
According  to  Navy  officials,  the 

Missile  / Spaa 
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Veek 

launch  was  a  test  to  evaluate  com- 
munications techniques  between  air- 

borne vehicles  and  ground  receiving 
stations. 

•  After  unsuccessfully  trying  to 
launch  the  first  full  three-stage  Nike- 
Zeus  Anti-Missile  Missile  from  the 
Pacific  Missile  Range  March  8  (see 
photo),  the  Army  put  together  back- 
to-back  successes  with  two  Zeus  mis- 

siles launched  from  White  Sands 
Missile  Range,  March  13  against 
simulated  ICBM  targets. 

Bids  in  for  Fire  Spacecraft 

Eight  missile/space  firms  have 
submitted  bids  on  the  development 

of  NASA's  Project  Fire  spacecraft 
systems. 

The  firms  are  Avco,  Chance 
Vought  Corp.,  General  Electric  Co., 
Grumman  Aircraft  Corp.,  Lockheed 
Missiles  and  Space  Co.,  North  Amer- 

ican Aviation  Inc.,  Republic  Aircraft 
Corp.,  and  Sperry  Rand  Co. 

The  high-speed  re-entry  program 
calls  for  development  of  two  space- 

craft which  will  be  used  to  study  the 
re-entry  environment  for  both  man- 

ned and  unmanned  capsules  return- 
ing to  the  earth  at  a  speed  of  24,500 

mph. 

Dyna-Soar  Pilots  Chosen 
Four  Air  Force  and  two  NASA 

pilots  have  been  selected  for  the 

Dyna-Soar  program  as  "pilot-engi- 
neering consultants."  A  decision  will 

be  made  later,  the  AF  said,  as  to 
whether  the  six  will  actually  fly  the 
spacecraft. 

The  four  Air  Force  officers  were : 
Maj.  James  W.  Wood,  37,  Pueblo, 
Colo.;  Capt.  Henry  C.  Gordon,  36, 
Gary,  Ind.;  Capt.  Russell  L.  Rogers, 
33,  Phoenix,  Ariz.;  and  Capt.  Wil- 

liam J.  Knight,  32,  Mansfield,  Ohio. 
NASA  pilots  named  were:  Neil 

A.  Armstrong,  31,  Wapakoneta, 
Ohio,  and  Milton  O.  Thompson,  36, 
Crookston,  Minn. 

DOD  Outlines  Conflict  Rules 

A  directive  issued  by  DOD  last 
week  outlined  rules  of  conduct  for 
advisers  and  consultants. 

Implementing  the  Feb.  9  memo- 

randum issued  by  President  Kennedy, 
the  directive  requires  the  more  than 
2000  DOD  consultants  to  file  a 
statement  of  their  private  employment 
and  financial  interests  by  April  30 
of  this  year. 

Apollo  Fuel  Cell  Competition 

Pratt  &  Whitney  Aircraft  Div.  of 
United  Aircraft  Corp.  and  TAPCO 
Div.  of  Thompson  Ramo  Wooldridge 
have  been  awarded  competitive  con- 

tracts for  development  of  the  Apollo 
fuel  cell.  North  American  Aviation 
awarded  the  multimillion-dollar  com- 

petitive pact  for  the  fuel  cell  to  in- 
sure two  different  approaches  to  the 

design  of  the  all-important  internal 
power  supply  for  the  lunar  space- 
craft. 

OSO  I  Looks  Good 

Pointing  accuracies  of  NASA's 
Orbiting  Astronomical  Observatory — 
launched  March  8 — are  exceeding  the 
expectations  of  space  agency  sci- 
entists. 

Circling  the  earth  every  96.15  min- 
utes, OSO  I  is  maintaining  an  azimuth 

accuracy  of  0.6  minute. 

Gone  Zeus 
NIKE-ZEUS  fired  from  Point  Mugu 
March  8  was  destructed  when  it  deviated 
from  its  planned  trajectory.  Test  was  to 
have  been  first  three-stage  firing  from 
Mugu.  Army  said  some  test  objectives 
were  met. 

QUALITAS OF  WHAT  KIND? 

Man's  continuing  prog- 

ress in  space  has  placed 

increasing  demands  upon 

the  fabricator  of  missile 

and  rocket  components.  No 

longer  can  the  purchaser  of 

structural  materials  be  con- 
tent with  conventional 

manufacturing  processes  or 

products.  Rather  he  must 

ask  himself  "of  what  kind?" 
as  he  looks  to  the  manufac- 

turer for  advanced  mate- 

rials guaranteed  to  meet 

the  rigorous  demands  of 
this  new  era. 

MPI's  new  glass  fiber  pre- 

pregs  are  produced  underjil 

strict  program  of  total  qual- 

ity control,  from  the  pur- 
chase of  batch  ingredients, 

throughout  manufacturing 

and  shipping.  From  such 

discipline  comes  a  new 

space  age  structural  mate- 
rial that  can  be  produced  in 

meaningful  quantities  and 

on  a  predictable  and  repro- 
ducible basis. 

For  additional  informa- 
tion write . . . 

mpi 

Glass  Fitter 

Shoreham  Building  •  Washington  S,  D.C. 
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Advanced -program  openings  at  Boeing  for 
TEST  INSTRUMENTATION  AND  DATA  SYSTEM  ENGINEERS 

Boeing  s  Aero-Space  Division,  holder  of  major  contracts 
on  such  advanced  programs  as  Minuteman,  Dyna-Soar  and 
Saturn,  has  a  number  of  immediate,  long-range  openings 
offering  professional  challenge,  and  in 
many  instances,  unique  ground -floor 
opportunities  in  newly-formed  divi- 

sional organizations. 

Test  Instrumentation  assignments 
are  available  on  advanced  missile  and 
space  programs. Requirements  include 
background  in  transducer,  signal  con- 

ditioning, as  well  as  airborne-ground 
telemetry  systems  development,  de- 

sign and  application  utilizing  the  latest 
state-of-the-art  concepts,  including 
PCM/FM  techniques. 

Data  Systems  engineering  openings  involve  the  application 
of  digital  techniques  to  the  processing  of  test  data. 
Salaries  are  commensurate  with  experience  and  educational 

background.  Minimum  requirements 
include  a  B.S.  degree  in  EE,  ME  or 
Physics,  with  three  years  applicable 
experience.  Most  of  the  assignments 
are  in  the  uncongested  Pacific  North- 

west, offering  outstanding  family 
living  and  recreational  advantages. 

Send  your  resume,  today,  to  Mr.  Carl 
Anderson,  The  Boeing  Company,  P.  0. 
Box  3707-MRN,  Seattle  24,  Washing- 

ton. The  Boeing  Company  is  an  equal 

opportunity  employer. 

Divisions:  Military  Aircraft  Systems    •    Transport   •   Vertol    •    AERO-SPACE   •    Industrial  Products  — Boeing  Scientific  Research  Laboratories 
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Titan  III  eases  blow  .  .  . 

Big  Solids  Lose  Lunar  Role 

by  James  Trainor 

LARGE  SOLID  BOOSTERS  have 
been  eliminated  from  even  a  backup 
role  in  the  initial  manned  lunar  landing 
program — despite  the  belief  of  many 
solid-propulsion  experts  in  industry  that 
solids  offer  the  most  promising  path  to 
the  moon. 

"Instead  of  developing  the  large 
(solid)  propellant  engines  fully,  we  pro- 

pose only  to  carry  on  exploration  in  the 
large  solid-propellant  technology,"  De- 

fense Secretary  Robert  McNamara  told 
Congress  in  testimony  released  last 
week. 

The  solids  program  has  been  cut 
back  to  an  advanced  technology  devel- 

opment effort  to  be  funded  at  approxi- 
mately its  Fiscal  '62  level  of  $50  million. Cost  of  the  program  as  originally 

proposed  would  have  been  on  the  order 
of  $500  million  to  $600  million,  accord- 

ing to  the  Secretary  of  Defense. 
While  the  DOD  decision  is  regarded 

as  a  harsh  setback  for  solid-propellant 
manufacturers,  advent  of  the  $500-mil- 
lion  Titan  III  program  is  expected  to 
take  up  some  of  the  slack. 

Citing  NASA*s  decision  to  modify the  original  Apollo  program  to  include 
rendezvous,  the  Defense  Secretary  offi- 

cially downgraded  the  solids  to  a  sec- 
ondary role  in  the  lunar  landing  pro- 

gram. 
"You  may  remember  that  last  year 

in  the  third  budget  amendment,"  Mc- Namara told  the  House  Armed  Services 

Committee,  "we  asked  for  authority  to 
begin  development  of  very  large  solid 
rocket  technology,  in  part  as  backup  for 
NASA's  liquid-fueled  engines,  which  they 
were  planning  to  use  on  a  direct  flight 
to  the  moon." 

The  decision  to  use  rendezvous  for 

the  lunar  mission  makes  it  "no  longer 
necessary  to  have  this  solid  rocket  as 
a  backup,"  McNamara  stated. 

The  decision  to  proceed  slowly  with 
the  development  of  large  solid  boosters 
does  not  reflect  a  lack  of  official  enthu- 

siasm over  the  role  that  solids  eventually 
can  play  as  space  boosters. 

Officials  of  both  DOD  and  NASA 
point  out  that  final  decisions  on  the 
Nova  launch  vehicle  have  not  been 
made,  and  that  the  first  stage  of  the 
Nova  may  well  use  solid  propellants. 
The  advanced  technology  program  of 
DOD — as  well  as  extrapolations  from 
Titan  III — are  expected  to  provide  the 

necessary  data  for  a  decision  on  the 
first  stage  of  the  12-million-lb. -thrust 
booster. 

•  Let's  do  it  right — The  primary 
difference  immediately  evident  between 
industry  and  both  NASA  and  DOD  is 
one  of  emphasis.  Industry  propulsion 
experts  feel  that  the  feasibility  of  large 
solid  motors  has  been  proven,  and  that 
a  development  program  can  safely  be 
initiated  to  produce  multimillion-pound- 
thrust  motors  in  less  than  24  months. 

On  the  other  hand,  DOD-NASA 
officials  are  not  sure  that  the  test  firings 
of  100-in.  motors  under  controlled  con- 

ditions, and  extrapolations  from  Minute- 
man  and  Polaris,  can  be  applied  to  13- 
ft.  or  20-ft.  class  motors. 

For  this  reason,  the  DOD  advanced 
technology  program — worked  out  last 
week  for  FY  '63  by  a  joint  DOD-NASA 
panel — is  designed  to  progress  incre- 

mentally from  the  100-in.  and  120-in. 
motors  to  the  larger-class  engines. 

"What  we  don't  want  to  do,"  one 
NASA  official  declared,  "is  to  go  into 
a  full  development  program  before  we 
know  that  the  thing  will  work.  This  is 
the  quickest  way  to  get  into  serious 
trouble."  As  an  example  of  what  might 
happen  with  an  ill-conceived  develop- 

ment program,  he  cited  the  ANP  (air- 
craft nuclear  propulsion)  program, 

which  was  cancelled  after  an  investment 
of  over  a  billion  dollars. 

This  philosophy  is  echoed  by  offi- 
cials in  the  office  of  the  Defense  Director 

of  Research  and  Engineering,  who  feel 
strongly  that  Titan  III  and  limited  fir- 

ings of  larger-diameter  motors  will  pro- 
vide the  experience  necessary,  and  re- 
duce the  lead  time  sufficiently,  to  enable 

quick  and  timely  application  of  solid 
motors  to  other  programs. 

•  AF  in  this,  too — Since  the  Presi- 
dent assigned  the  development  of  large 

solids  to  the  Defense  Department — spe- 
cifically to  the  Air  Force,  proposals  have 

gone  out  to  six  firms  for  the  Titan  III 
120-in.  solid  boosters.  The  proposals 
were  submitted  last  week  and  are  pres- 

ently being  evaluated. 
When  this  contract  is  awarded,  it 

will  mark  the  first  large  development 
and  production  contract  for  large  solid 
boosters.  The  Air  Force  has,  however, 
let  a  $2-million  contract  to  Lockheed 
Propulsion  Co.  to  build  and  conduct 
feasibility  tests  on  four  segmented  solid 
rocket  motors,  each  120  in.  in  diam- 

eter.  (M/R,  Nov.   13,   1961,  p.  28; 

March  5,  1962,  p.  10). 

Breakdown  of  the  FY  '62  Air  Force 
effort  in  the  solid  motor  field  includes 
S50  million  for  large  solid  boosters,  $15 
million  for  solid  upper  stages  and  $12 
million  for  construction  of  facilities. 
FY  '63  expenditures  are  classified  but 
are  put  at  approximately  the  same  level. 

The  Air  Force  presently  has  under 
study  a  large  solid  booster  in  the  13-ft. 
class.  This  size,  according  to  DOD  and 
AF  sources,  is  the  largest  practical  for 
military  applications  since  beyond  this 
transportation  is  restricted  to  ship,  and 
segment  size  itself  becomes  a  problem. 

In  the  20-ft.  booster  class,  accord- 
ing to  the  Air  Force,  development  would 

be  strictly  for  NASA  missions,  since 
this  size  also  seems  impracticable  as  yet 
for  military  use.  In  building  such  a 
booster,  however,  AF  officials  appear  to 
favor  the  monolithic  approach  due  to 
the  difficulty  of  transporting  and  assem- 

bling a  segmented  vehicle. 
•  Solid  problems  outlined  —  Al- 

though enthusiasts  claim  that  the  prob- 
lems of  solid-fuel  rockets  have  been 

solved,  both  DOD  and  NASA  sources 
claim  that  there  are  still  unanswered 
questions  about  the  ability  to  control 
progressive  burning,  thrust  vector  con- 

trol, staging,  and  the  ability  of  com- 
ponents to  survive  in  the  acoustic  and 

vibrational  environment  generated  at 
launch. 

Most  of  these  problems,  government 
officials  admit,  can  be  overcome.  They 
cite  as  a  means  of  doing  this  the 
advanced  technology  program  now 

planned. More  serious,  however,  is  the  ques- 
tion of  cost/effectiveness  of  large  solid 

motors.  In  order  to  be  competitive  with 
liquids.  DOD  sources  say  the  solid 
vehicle — since  it  weighs  twice  as  much 
— must  cost  less  than  half  as  much  as 
the  liquid. 

Large  solid  motors  will  not  be  used 
on  the  Advanced  Saturn,  according  to 
DDR&E  sources.  But  they  most  cer- 

tainly will  have  application  not  only 
for  the  Nova  vehicle  but  also  for  sec- 

ond-generation Advanced  Saturns  and 
as  building  blocks  for  future  space  ve- 
hicles. 

For  this  reason,  both  NASA  and 
DOD  are  actively  and,  in  their  view, 

aggressively,  developing  the  "know- how"  for  future  large  solid-propellant 
motors  capable  of  placing  large  pay- 
loads  in  orbit.  8 

missiles  and  rockets,  March  19,  1962 13 



At  Cape  symposium  . 

First  Details  of  ARIS  Ships  Told 

ARTISTS  DRAWING  of  one  of  Air  Force  ARIS  (Advanced  Range  Instrumentation 
Ships).  First  converted  ship  is  to  be  in  operation  at  AMR  late  this  year  or  early  in  '63. 

by  Charles  D.  LaFond 

Patrick  AFB,  Fla. — The  'seago- 
ing*' Air  Force  is  expected  to  put  the 

first  of  two  Atlantic  Missile  Range  track- 
ing ships  in  operation  by  late  this  year 

or  early  1963. 
Conversion  of  the  World  War  II 

troop  transports  is  now  in  advanced 
stages  of  completion  at  Bethlehem 

Steel"s  shipyard  in  Brooklyn.  Installa- tion of  the  heavy  load  of  electronic 
instrumentation  is  under  way. 

The  14,300-ton.  520-ft.-long  ves- 
sels will  each  carry  a  civilian  ship's crew  of  100  and  an  instrumentation 

group  of  approximately  the  same  size. 
Prime  contractor  for  the  $70-million 
AF  program,  which  is  aimed  at  extend- 

ing the  AMR  to  10,000  miles,  is  Sperry 
Rand  Corp. 

Visible  in  the  accompanying  artist's conception  are  the  optical  trackers, 
telemetry  array,  two  main  integrated 
radar  antennas  (30-ft.  and  40-ft.  diam- 

eters) and  a  30-ft.  telemetering  dish 
located  aft.  It's  reported  that  the  main radar  antennas  are  capable  of  eventual 
enlargement  to  60  ft. 

by  Hal  Taylor 

NASA  WILL  SPEND  over  $700 
million  on  a  series  of  scientific  observa- 

tory satellites  and  lunar  exploration 
spacecraft  over  the  next  several  years. 

NASA  officials  disclosed  the  high 
costs  of  the  space  agency's  projects  be- 

fore House  Space  Subcommittee  hear- 
ings on  the  FY  '63  authorization  bill. 

All  of  the  vehicles  will  provide  in- 
formation for  Project  Apollo. 

The  biggest  chunk  of  funds,  $300 
million,  will  be  spent  on  the  series  of 
Surveyor  spacecraft  slated  for  lunar- 
orbit  and  lunar  soft-landing  missions. 

Seven  Surveyor  A  spacecraft — the 
lunar  soft-landing  version  —  are  ex- 

pected to  cost  $200  million.  The  lunar- 
orbiting  Surveyor  B  is  scheduled  for  five 
missions  at  a  cost  of  $120  million. 

The  officials  also  estimate  that  a 

series  of  "orbiting  observatory"  satel- lites will  cost  $450  million. 
The  first  five  launches  of  the  Orhit- 

ITT  Federal  Labs  is  teamed  with 
Sperry  on  a  major  portion  of  the  elec- 

tronics equipment — including  telemetry, 
communications.  HF  sounder,  and  tim- 

ing system. 

ing  Geophysical  Observatory  (OGO) 
will  cost  $138  million.  Five  additional 
flights  are  estimated  to  cost  $15  million 
each. 

Three  Orbiting  Astronomical  Ob- 
servatories (OAO)  in  the  1964-65  period 

will  cost  $184  million  and  $60  million 
will  be  spent  on  the  Orbiting  Solar 
Observatories  (OSO). 

The  testimony  on  the  satellite  pro- 
gram was  given  by  Homer  E.  Newell, 

director  of  the  Office  of  Space  Science, 
Edgar  M.  Cortwright,  deputy  director, 
and  Oren  W.  Nicks,  director  of  lunar 
and  planetary  programs. 

Subcommittee  members  revealed  no 
reluctance  to  go  along  with  approval 
of  funds  for  the  planned  projects.  They 
did  indicate,  however,  that  funds  for 
the  proposed  Prospector  spacecraft  will 
receive  a  detailed  scrutiny. 

The  subcommittee  chairman.  Rep. 
Joseph  E.  Karth  (D-Minn.)  questioned 
whether  the  spacecraft  is  really  needed, 
because  its  1966  launch  date  is  close  to 

Data  processing  on  board  will  be 
handled  by  UNIVAC  equipment,  and 
a  Sperry  SINS  (Ship  Inertial  Naviga- 

tion   System)    similar    to    that  used 
(Continued  on  page  34) 

the  projected  time  for  the  first  manned 
lunar  landings. 

The  NASA  officials  indicated  that 
only  $10  million  will  be  spent  on  the 
program  in  Fiscal  1963,  and  that  no 
large  amount  of  funds  will  be  requested 
until  decisions  are  made  as  to  the  mis- 

sion for  the  spacecraft. 
Karth  requested  a  full  report  on  the 

program  as  soon  as  NASA  plans  are 
final — in  about  four  months. 

Other  important  testimony  on 
NASA's  Fiscal  '63  budget  requests  be- 

fore hearings  of  the  four  House  Space 
subcommittees  included: 

•  Francis  W.  Reichelderfer,  Weather 
Bureau  Chief,  declared  that  more  funds 
could  be  used  in  the  research  and  de- 

velopment leading  to  an  operational 

meteorological  satellite  system.  "With 
the  funds  requested,"  he  said,  "there  is 
no  room  for  failures." He  also  declared  costs  of  the  weather 
program  will  level  off  at  a  rate  of  $50 
million  to  $75  million  per  year.  He 
said  President  Kennedy  has  sent  Soviet 
officials  a  letter  requesting  that  they 
cooperate  in  a  world  weather  system. 
The  weather  bureau  chief  said  that  if 

(Continued  on  page  34) 

NASA  Seeks  $700  Million 

For  Satellites,  Lunar  Craft 
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'For  personal  dedication' .  .  . 

Gilruth  Awarded  1962  Goddard  Trophy 

ROBERT  R.  GILRUTH,  director 

of  America's  successful  Project  Mer- 
cury manned  space  program,  has  been 

selected  as  the  1962  winner  of  the  Dr. 
Robert  H.  Goddard  Memorial  Trophy. 

The  trophy,  presented  at  the  annual 
Goddard  Dinner  of  the  National  Rocket 
Club  on  March  16,  is  awarded  to  the 
individual  or  individuals  whose  accom- 

plishment during  the  previous  year  did 
the  most  to  advance  the  nation's  missile, 
rocket  and  spaceflight  programs. 

The  Goddard  Trophy  Committee 
selected  Gilruth  for  the  award  "for  per- 

sonal dedication  in  leading  the  Project 
Mercury  team  which  in  1961  achieved 
suborbital  manned  space  flight  and  laid 
the  groundwork  for  the  first  United 
States  manned  orbital  flight." 

Gilruth,  a  veteran  of  23  years  of 
government  service,  headed  Project 
Mercury  from  its  inception.  The  pro- 

gram achieved  its  greatest  accomplish- 
ment to  date  on  Feb.  20  when  the  first 

American  astronaut,  John  Glenn,  Jr., 
made  a  three-orbit  flight  around  the 
earth. 

An  internationally  known  authority 
on  aeronautical  and  aerospace  research 
and  development,  Gilruth  already  has 
been  tapped  for  another  top  job.  He 
will,  as  director  of  NASA's  Manned 
Spacecraft  Center,  head  the  team 
charged  with  the  development  of  the 
Apollo  spacecraft. 

•  Shining  roster — Gilruth  joins  a 
list  of  illustrious  previous  recipients  of 
the  trophy.  They  include:  Dr.  Wernher 
von  Braun,  Army  Ballistic  Missile 
Agency  (1958);  Sam  K.  Hoffman, 
North  American  Aviation,  Rocketdyne 
Division  (1959);  Karel  J.  Bossart,  Con- 
vair/ Astronautics  (1960);  and  Herschel 
Brown  for  Lockheed  Missiles  and  Space 
Company  (1961). 

Gilruth's  selection  is  a  high  point  in 
a  government  service  career  during 
which  he  has  won  recognition  as  a  na- 

tional and  international  authority  on 
aeronautical  and  aerospace  research  and 
technology. 

Born  October  8,  1913  in  Nashawuk, 
Minn.,  he  graduated  from  the  Univer- 

sity of  Minnesota  with  a  B.S.  degree  in 
Aeronautical  Engineering  in  1935  and 
was  awarded  a  Master's  degree  in  the 
same  field  in  the  following  year. 

In  January,  1937,  he  joined  the  staff 
of  the  National  Aeronautical  Advisory 
Committee — predecessor  to  NASA. 

In  the  early  1940's,  Gilruth  devel- 

MERCURY  PROGRAM  chief  confers 
orbiting  astronaut,  John   H.   Glenn,  Jr. 

oped  the  "wing-flow"  method  of  re- 
search, a  system  which  uses  the  high- 

speed flow  of  air  above  the  wing  of  a 
diving  airplane  to  investigate  high-speed 
phenomena  on  small  research  models. 
This  concept  provided  information  in 
the  transonic  regime  for  new  aircraft 
and  missiles.  It  also  filled  the  gap  be- 

fore transonic  wind  tunnels  and  free 
flight  techniques  were  developed. 

This  pioneering  development  of 
techniques  for  providing  unique  data 
that  were  otherwise  unobtainable  con- 

tinued in  Gilruth's  direction  of  rocket 
model  techniques  to  achieve  the  capa- 

bility of  obtaining  aerodynamic  and 
structural  data  at  speeds  of  5,  then  10, 
then  15,  and  more  times  the  speed  of 
sound;  and  in  his  direction  of  the  devel- 

opment of  high  temperature  structural 
and  materials  research  equipment  in- 

cluding such  items,  as:  radiant  heaters, 
ARC-jets,  high-temperature  wind  tun- 

nels, ceramic-heated  airjets  and  others. 
o  Fathered  Wallops — In  1945,  Gil- 

ruth was  selected  to  organize,  design 
and  develop  the  Pilotless  Aircraft  Re- 

search Division  which  is  now  the  NASA 
Wallops  Island  launching  site.  More 
than  4500  research  models  have  been 
rocketed  from  the  station. 

For  his  efforts  in  the  establishment 
of  Wallops  Island,  Gilruth  received  the 
Sylvanus  Albert  Reed  Award  for 
1950.  This  award  is  one  of  aviation's 
highest  honors  and  is  given  annually 

with  America's  first 
at  Langley  Center. 

by  the  Institute  of 
the  Aeronautical 
Sciences,  of  which 
he  is  a  fellow,  for 
notable  contribu- 

tions to  aeronauti- cal research. 
His  success  at 

Wallops  Island  also 
brought  the  Federal 

government's  Su- perior Accomplish- ment Award  in 

1951  and  the  Uni- 
versity of  Minne- sota Outstanding 

Award  in  1954. 
On  Nov.  5  , 

1958,  the  Manned 
Space  Task  Group was  set  up  by 
NASA  at  Langley. 

Gilruth  was  select- 
ed to  head  it  and 

Project  Mercury, 
the  first  U.S.  manned  space  flight  pro- 

gram. 
Since  its  inception  in  honor  of  the 

memory  of  Dr.  Goddard,  the  father  of 
U.S.  rocketry,  the  trophy  has  been  pre- 

sented by  Missiles  and  Rockets.  This 
year,  for  the  first  time,  Mrs.  Goddard 
is  donating  the  award  as  a  way  of  ex- 

pressing her  appreciation  for  the  honors 
bestowed  upon  her  by  government  and 
industry  in  the  name  of  her  late 
husband. 

Missiles  and  Rockets,  however, 
will  continue  to  handle  selection  of  the 
winner  under  the  supervision  of  the 
National  Rocket  Club. 

The  1962  Goddard  Trophy  recipient 
was  chosen  by  a  distinguished  commit- 

tee including:  August  Esenwein,  Presi- 
dent, Aerospace  Industries  Association; 

D.  Brainerd  Holmes,  Director,  Manned 
Space  Flight  Office,  NASA;  Vice  Adm. 
W.  F.  Raborn,  Deputy  Chief  of  Naval 
Operations  (Development),  U.S.  Navy; 
Gen.  Bernard  A.  Schriever,  Com- 

mander, Air  Force  Systems  Command, 
U.S.  Air  Force;  James  D.  Secrest,  Ex- 

ecutive Vice  President  and  Secretary, 
Electronic  Industries  Association;  Lt. 
Gen.  Arthur  G.  Trudeau,  Chief,  Re- 

search and  Development,  U.S.  Army; 
Dr.  Edward  C.  Welsh,  Executive  Sec- 

retary, National  Aeronautics  and  Space 
Council;  and  William  J.  Coughlin,  Edi- 

tor, Missiles  and  Rockets  Magazine (chairman). 
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Flight  in  five  years 

Intensive  Ground  Tests  of  Reactor 

AEC-NASA  officials  plan  30-40  firings  in  Nevada  series 

aimed  at  producing  recoverable  reactor  and  engine  for  lunar  missions 

FIRST  NUCLEAR  ROCKET 
launch  from  Cape  Canaveral,  as  upper 
stage  of  a  Saturn  vehicle,  will  be  pre- 

ceded by  ground  tests  of  30  to  40  devel- 
opmental reactors  in  the  Kiwi  and 

NERVA  programs. 
Initial  flight,  within  five  years,  is 

expected  to  involve  a  design  prototype 
of  a  recoverable  and  re-usable  reactor 
and  engine.  Ground  tests  are  aimed  at 
perfecting  such  a  design.  It  would  elimi- 

nate the  one-shot  booster  system  cur- 
rently used  with  chemical  rockets. 

The  joint  Space  Nuclear  Propulsion 
Office  of  the  Atomic  Energy  Commis- 

sion and  NASA  has  had  several  name 
changes  under  consideration,  including 
a  switch  from  RIFT  (reactor  in-flight 
test)  to  Deimos,  with  the  follow-on  pro- 

gram to  be  called  Phobos.  (These  are 
the  names  of  the  two  Martian  moons). 

An  SNPO  spokesman  said:  "We  just 
don't  like  names  made  up  of  a  bunch 
of  initials  from  the  program." 

No  specific  mention  was  made  of 
the  NERVA  program  (nuclear  engine 
for  rocket  vehicle  applications).  There 
is  no  connection  between  SNPO's 
Deimos  and  the  Martin  Co.  project 
Deimos. 

Successful  efforts  in  the  flight  test 

program  will  give  impetus  to  NASA's desire  to  use  the  Advanced  Saturn  (C-5) 
instead  of  a  larger  vehicle  as  the  work- 

horse of  the  lunar  mission  program. 
This  objective  would  require  a  quickened 
pace  for  development  of  a  nuclear  en- 

gine, but  is  seen  as  a  preferable  route 
for  getting  the  job  done. 

•  Safety  first — Safety  experts  in  the 
SNPO  group  have  estimated  that  a  full- 
power,  full-duration  run  of  the  Deimos 
vehicle  reactor  would  generate  approxi- 

mately 0.07  kilotons  of  energy.  The 
in-flight  test  would  be  controlled  by  a 
ground  command  to  insure  operating safety. 

"We  will  have  a  small  local  problem 

with  clean-up  if  an  on-the-pad  abort  is 
necessary,"  the  spokesman  said,  "but only  if  circumstances  should  cause  the 
liquid  hydrogen  propellant  to  be  intro- 

duced into  the  reactor  system  during the  abort. 

"If  the  reactor  should  fall  just  off- 
shore and  go  critical  through  the  intro- 

duction of  sea  water  into  the  reactor 

system,  then  we'll  have  to  restrict  the 
nearby  beaches  for  about  a  week." 

He  emphasized  that  these  cases  rep- 
resent the  worst  conceivable  accidents 

and  are  extremely  unlikely  to  occur. 
The  contamination  problem,  however,  is 
the  principal  reason  for  not  planning  a 
ground-launched  nuclear  rocket  at  this 
time. 

Deimos  is  likely,  if  present  indica- 
tions remain  valid,  to  have  a  power  of 

approximately  1000  megawatts,  trans- 
lated into  about  50,000  lbs.  thrust. 

Burning  time  may  be  as  long  as  300 
seconds,  but  on  first  flights  will  prob- 

ably be  shorter.  A  1 000-megawatt  nu- 
clear rocket  is  relatively  small  in  size 

in  view  on  SNPO's  overall  plans,  which 
include  engines  up  to  at  least  8000  MW, 
and  possibly  20,000  MW. 

(One  megawatt  of  reactor  power  is 
roughly  equivalent  to  50  lbs.  of  thrust, 
assuming  an  Isp  of  800  seconds.) 

Three  contractors  have  already  been 
selected  by  NASA  to  submit  final  pro- 

posals on  design  and  development  of 
the  reactor  in-flight  test  vehicle :  General 
Dynamics/ Astronautics,  Lockheed  Mis- 

siles and  Space  Co.,  and  Martin  Co. 
One  of  these  firms  will  be  responsible 
for  the  design,  fabrication  and  assembly 
of  the  Deimos  vehicle  at  the  Michoud 
Operations  Plant,  conducting  compo- 

nents tests  and  full  systems  tests. 
NERVA  will  be  a  direct  outgrowth 

of  the  Kiwi-B  series  of  reactors  under 
development  since  1955.  The  Kiwi  re- 

actors are  being  designed  and  tested  by 
Los  Alamos  Scientific  Laboratory,  and 
the  NERVA  hardware  is  being  designed 

STORAGE  TANKS 

MAP  OF  TEST  FACILITIES  at  AECs  Nevada  Test  Site.  Engine  Test  Stand  No.  1, 
formerly  called  Test  Cell  D,  is  first  downward-firing  stand.    Others  will  be  built. 
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cheduled 

by  Frank  G.  McGuire 

and  developed  by  Aerojet-General  Corp., 
with  Westinghouse  Electric  Corp.  as  a 
major  subcontractor. 

•  Test  facilities — NASA  expects  to 
build  four  test  stands  for  full-scale  en- 

gine tests,  in  addition  to  the  two  existing 
test  cells  at  AEC's  Nevada  Test  Site. 
What  has  been  called  Test  Cell  D  at 
NTS  is  now  designated  Engine  Test 
Stand  #1,  and  is  the  first  of  the  down- 

ward-firing stands. 
Test  cells  A  and  C  will  continue 

to  be  used  for  reactor  research  and 
development. 

In  order  to  achieve  the  required  30 
to  40  ground  tests  in  time  to  meet  the 
flight  vehicle  schedule.  SNPO  estimates 
it  will  need  an  increased  number  of 
stands  to  offset  the  inherently  inefficient 
operation  of  nuclear  test  facilities. 

The  nuclear  radiation  concomitant 
with  reactor/  engine  tests  causes  activa- 

tion of  surrounding  equipment  and 
structures,  greatly  slowing  the  setup  and 
tear-down  time  of  test  hardware.  Since 
manual  handling  is  impractical,  remote 
methods  must  be  devised  for  every  step, 
causing  relatively  long  turn-around  times 
for  the  test  stands. 

A  test  dolly  will  place  the  engine  in 
the  stand  and  later  remove  it,  being 
powered  by  an  electric,  remotely-con- 

trolled locomotive  during  these  opera- 
tions. After  test,  the  engine  will  be  taken 

to  the  maintenance,  assembly  and  dis- 
assembly building  (MAD  building), 

while  the  test  stand  "cools  off." 
In  the  meantime,  another  engine  will 

be  prepared  for  test  and  moved  into  the 
now-empty  stand  as  soon  as  practical. 

SNPO  officials  estimate  they  will 
need  at  least  two  engine  test  stands  to 
meet  the  1966-67  flight  schedule  for 
the  engine  alone.  Then  in  order  to  test 
the  entire  Deimos  stage,  a  third  stand 
will  be  built,  and  eventually  a  fourth 
test  stand  will  be  constructed  to  allow 
for  testing  of  either  the  entire  stage  or 
the  engine  alone. 

RECENTLY  DECLASSIFIED  view  of 
Kiwi-A  shows  how  gaseous  hydrogen  en- 

tered system  through  an  entrance  plenum 
(11)  flowed  downward  through  a  thick 
graphite  deflector  (4),  through  a  lower 
plenum  chamber  and  up  through  the  inlet 
reflector,  then  through  four  courses  of 
uranium-loaded  graphite  fuel  plates  (5), 
with  a  fifth  course  of  plates  acting  as  a 
top-end  reflector.  In  the  center  are  the 
deuterium  island  (3)  and  control  and  scram 

Since  the  flyable  nuclear  engine  will 
be  used  with  a  chemical  first  stage  and 
thus  only  operated  at  altitude,  a  special 
chamber  on  the  test  stand  will  simulate 
altitude  conditions  by  use  of  a  second- 

ary steam  injector  in  the  exhaust  duct. 
During  the  20  sec.  required  for  the 

reactor  to  come  up  to  full  power,  the 
steam  injector  system  must  be  instantly 
responsive  to  changes  in  duct  pressure 
in  order  to  provide  the  correct  altitude 
condition. 

•  Cooling  off  —  Shutdown,  a  more 
critical  operation,  begins  with  power  re- 

duction to  about  40%,  at  which  time 
the  reactor  will  be  scrammed.  The 
power  level  due  to  heat  generated  by 
the  decay  of  fission  products  within  the 

rods  (7).  The  complex  pressure  vessel  (6) 
is  topped  off  by  the  water-cooled,  double- 
walled,  small-expansion  nickel  nozzle  built 
by  Rocketdyne.  This  nozzle  was  also  used 
on  Kiwi-A3,  even  though  slightly  radio- active. 

The  Kiwi-B  series  of  reactors  is  under- 
stood to  be  using  a  different  core  configura- 
tion, one  utilizing  hollow-core  hexagonal 

fuel  rods  instead  of  plates.  The  moderator 
is  believed  to  be  beryllium  oxide. 

reactor  will  fall  an  additional  30% 
within  five  seconds  after  the  reactor  is 
scrammed. 

Following  this,  heat  generation  for 
the  remaining  10%  will  fall  very  slowly, 
and  will  take  several  hours  to  reach  a 
level  where  coolant  hydrogen  can  be 
turned  off  after  having  been  utilized  at 
reduced  flow  to  cool  the  heat  of  fission 
product  decay. 

The  role  of  the  steam  generator  at 
this  point  in  the  test  cycle  is  to  maintain 
steam  in  the  exhaust  duct  until  the 
hydrogen  coolant  is  no  longer  necessary, 
inasmuch  as  the  admission  of  air  into 
the  duct  from  the  opening  should  cause 
a  serious  exnlosion.  The  coolant  itself 

(Continued  on  page  36) 
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n  AnH- 
Outstanding 

Opportunity  for  Scientific 
Achievement  &  Personal  Progress: 

MANAGER 
Advanced  Space  Power  R&D 

THERMIONICS,  FUEL  CELLS,  PHOTOVOLTAICS 
A  creative  scientist  with  leadership  abilities 
to  guide  a  group  responsible  for  advancing 
the  state-of-the-art  in  the  development  of 
space  power  systems  for  use  in  future  satel- 

lites, probes  and  planetary  bases.  Minimum 
requirements  are  a  BSME,  BSEE  or 
Physics  degree  and  ten  years'  engineer- ing experience  of  which  at  least  two 

have  been  spent  in  some  aspect  of 
space  power.  Also  openings  for 

high  level  engineer-spe- 
cialist experienced 

in  above  areas. 

SR.  STRUCTURAL 
DESIGN  ENGINEERS 
Responsible  for  establishing  the 
configuration,  structural  design  and 
development  of  re-entry  vehicles,  missiles and  space  vehicles  including  application  of 
new  materials,  establishment  of  design 
allowables  and  preliminary  stress  analysis  gfc 
Requires  8-10  years'  airframe  structural design  with  ME  or  AE.  q 

INFRARED  AND  OPTICAL 

ENGINEERS: Develops  infrared  and 
optical  equipment  for sensing  the  presence  of  planetary  bodies  and 

for  the  sun  and  its  relation  to  a  space  vehicle. 
BS  or  MS  in  EE  or  Physics  with  2  or  more  years 
of  related  experience  required.  © 

ANALY! 

Utilize  a  uniform  failure  reporting 
system  to  determine  modes  of 
equipment  failure  in  test  and 
field  activities.  Conduct  failure 
analysis  of  significant  and/or  re- 

curring failures  and  recommend 
corrective  action.  Requires 

degree  plus  3  to  10  years'  ex- perience in  reliability,  test, 
quality  control  and  design, 
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ENGINEERS  &  SCIENTISTS 

SYSTEMS 
TEST 

ENGINEER: 

Assigned  system  is  reviewed  to  as- 
sure that  performance  require- 

ments and  specifications  are 
accomplished.  Advises  design 
engineering,  originates  systems 
test  plan  and  follows  qualification 
and  acceptance  of  the  system.  EE 
with  3-10  years  of  engineering  or 
quality  control  experience,  (j 

IMMEDIATE  OPENINGS  AT  THE 
MISSILE  &  SPACE  VEHICLE  DEPARTMENT 

PHILADELPHIA,  PENNSYLVANIA 

Your  inquiry  is  invited  regarding  any  of  the  posi- 
tions —  encompassing  many  areas  of  space  science 

and  engineering— listed  on  this  page.  Please  use 
the  INQUIRY  CARD  provided  for  your  convenience. 
A  prompt  answer  is  guaranteed;  your  confidence 
will  be  respected. 

GENERAL  (§)  ELECTRIC 

DATA  SYSTEMS  ENGINEERS 
DATA  SYSTEMS  COMPUTER  PROGRAMMERS 
Will  analyze  digital  computer  requirements  of  flight  and 
ground  test  operations  with  respect  to  input  furnished, 
output  required,  and  complexity  of  numerical  analysis in  the  context  of  a  total  information  system  from  the 
transducer  to  display.  Determine,  plan,  and  flow  diagram 
the  principal  steps,  considering  real  time,  near-real  time, and  delayed  time  requirements  for  digital  computer 
processing. 
Requires  college  degree  and  minimum  of  2  years'  pro- gramming experience  with  large-scale  computers.  Should have  experience  with  instrumentation,  telemetry,  radar, 
and/or  with  large  information  handling  systems,  includ- 

ing display  devices.  @ 

Ground  Support 

Electronic  Systems 

Engineer 
Design  and  development  of  ground 
electronic  systems  through  the  RF 
spectrum  for  application  in  the  sup- 

port systems  of  re-entry  or  space vehicles.  A  technical  specialist  posi- 
tion requiring  a  BSEE,  6  years 

experience  and  a  background 
in  such  fields  as  communi- cations, telemetry 

or  radar. 

OPERATIONAL  SYSTEMS 
ENGINEER  FOR 
SATELLITE  PROGRAM 
Opening  in  Sunnyvale,  Calif. 

PROFESSIONAL  EXPERIENCE  (Two  most  recent  or  most  applicable  jobs) 
Company.  Position  
Years  of  experience  (f  rornL .  (to). 

.Salary. .Assigned  Duties . 

Company  
Years  of  experience  (from)_ Jto). 

_  Position. 
.Salary  

Operational  Command  &  Control  Systems  Engineer  to  as- sume responsibility  for  the  design,  analysis,  specification  and 
implementation  of  operational  digital  command  and  control systems  for  space  satellite  program.  Candidate  must  be 
capable  of  working  in  system  areas  encompassing  mathe- matical modeling,  data  processing,  command,  logic,  satellite 
vehicle  characteristics,  mission  requirements,  display,  opera- tional support  facilities,  operational  procedures  and  systems 
simulation.  Requires  BS  degree  and  minimum  of  5  years* related  experience.  Q 

I  am  interested  in  the  following  position(s) 
Space  Power  &  Propulsion  A 
Vehicle  Engineering  B 
Reliability   C 
IR  &  Optics  D 
Ground  &  Space  Support  E 
Systems  Testing  F 
Digital  Programming  Analysis  G 
Pyrotechnics   H 
Systems  Engineering  I 

.Assigned  Duties. 

PERSONAL  DETAILS  Name  
Home  Address  _____ 
State  Telephone. 

Education  Undergraduate. 

.City. 

.U.S.  Citizen      Yes_    No  □ 

College 
Degree Year  of  Graduation 

Graduate. 
College                                                                           Degree               Year  of  Graduation 

Position  Objective  (primary  job  preference,  level  of  responsibility,  salary  expectations)  

^  Simply  circle  the  appropriate  let- ters of  those  positions  that  meet  your 
professional  interests  and  qualifica- 

tions, fill  in  the  questions  to  the  left 
—  attach  a  resume  if  you  have  one 
handy  — and  airmail  to: 

Mr.  Frank  Wendt,  Div.  486 -L Missile  &  Space  Vehicle  Department 
General  Electric  Company 
3198  Chestnut  Street 
Philadelphia  4,  Pennsylvania 

GENERAL®  ELECTRIC 

An  Equal  Opportunity  Employer 



Technical  Countdown 

ASW  ENGINEERING 

bctensive  Sonar  Net  Under  Study 

The  Navy  apparently  is  showing  intense  interest  in  a 
letection  plan  calling  for  seeding  the  ocean  bottom  with 
adioisotope-powered  sound  sources  whose  emanations 
vould  be  picked  up  by  ocean-surface  buoys  and  radioed  to 
earching  aircraft.  Crux  of  the  plan  is  that  if  the  pattern 
)f  emanations  is  altered  in  a  significant  way,  enemy  high- 
jerformance  subs  might  be  detected  and  located.  A  long- 

ime  proponent  is  Martin  Co.'s  Systems  and  Products  Div., 
•vhich  just  received  a  $600,000  design  contract  from  Bureau 
Df  Weapons  for  such  a  system. 

SUPPORT  EQUIPMENT 

Universal  Checkout  Pact  Awarded  RCA 

A  little-heralded  contract  award  by  the  Army  to  RCA 

Imay  have  a  profound  impact  on  checkout  systems  for  future 
Army  missile  systems.  The  contract,  for  about  $1.5  million, 
calls  for  RCA  to  develop  and  build  universal  checkout 

i systems  for  ten  Army  missile  systems.  Northrop's  Nortron- ics  division  had  been  a  leading  contender  for  the  checkout 

contract.  Work  will  be  done  at  RCA's  Moorestown,  N.J., 
plant. 

OPTICS 

Laser  Research  Still  Pumped  High 

Twenty-two  papers  on  optical  masers  were  presented  in 
Washington  last  week  at  the  four-day  Spring  Meeting  of 
the  Optical  Society  of  America.  Included  were  descriptions 

of  two  highly  advanced  concepts  for  optical  pumping — one 
making  use  of  the  intrinsic  conversion  efficiency  of  phos- 

phors for  "cathodoluminescent"  pumping;  the  other  sug- 
gesting the  use  of  exploding  bridgewire  for  pulsed-laser 

operation.  Both  approaches  were  based  on  advanced  re- 
search by  Westinghouse-Baltimore.  Four  papers  each  were 

presented  by  scientists  of  Westinghouse  and  American  Opti- 
cal Co.,  further  emphasizing  the  marriage  of  the  optics  and 

electronics  industries  through  laser  technology. 

Unique  UV  Lens  Developed 
An  unusual  new  lens  for  ultraviolet  application  using 

lithium-fioride  elements  and  fused  silica  (for  negative  color 
correction)  has  been  developed  by  Barnes  Engineering  Co. 
Spectral  transmission  range  is  from  5200-2000  Angstroms. 
Other  characteristics,  Barnes  reports,  include  40°  field  of 
view,  resolution  to  better  than  20  lines/mm,  focal  ratio  of 
3.3  and  focal  length  of  105  mm.  Color  balance  is  described 
as  good,  with  no  vignetting,  and  the  image  focuses  in  a 
flat  plane.  The  lens  is  expected  to  find  wide  use  in  space 
studies  and  meteorology. 

ELECTRONICS 

New  Memory  Circuit  Successful 

A  cryogenic  associative  memory  circuit  has  been  de- 
veloped by  GE's  Heavy  Military  Electronics  Department. 

Believed  to  be  the  first  operative  circuit  of  its  kind,  it  could 

significantly  simplify  design  requirements  for  high-speed, 
large-storage-capacity  computer  memories.    The  thin-film 
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developmental  circuits  measure  3x6x0.05  in.  Test  data  in- 
dicate that  the  units  would  permit  a  300,000-bit  memory 

search  (to  locate  a  first  idea  association)  in  about  50 
microseconds.  Liquid  helium  is  used  as  the  coolant. 

Big  Business  for  Phase  Arrays? 

Sperry  Gyroscope  Company  believes  its  several-year  in- 
vestment in  phase  array  work  will  soon  pay  off  with  a  high- 

volume  surveillance  and  tracking  business.  It  claims  that  it 
can  use  this  ̂ technique  to  build  a  radar  system  that  will 
constantly  observe  "several  thousand  basketball-sized  objects 
at  distances  well  beyond  the  earth's  atmosphere."  Phase array  is  an  ultrafast  electronic  scanning  technique  which 
eliminates  the  need  for  a  moving  antenna. 

DSIF  to  Get  S-Band  Radars 

let  Propulsion  Lab's  DSIF  (Deep  Space  Instrumenta- 
tion Facility)  will  be  updated  soon  with  the  addition  of  an 

S-band  radar  capability.  Motorola  will  build  and  install  the 
equipment  at  all  three  of  the  global  stations  (Goldstone, 
Woomera,  Johannesburg).  The  $l-million  contract  calls 
for  a  three-channel  tracking  receiver  and  separate  listening 
sum  channel  and  Doppler  extractor  at  each  site.  The  system 
is  expected  to  increase  accuracy  of  range  measurements  of 
deep  space  probes  and  generally  improve  long-range  space communications. 

Compact  BUIC  Sought 

New  back-up  for  SAGE  will  be  the  BUIC  system  (Back- 
up Interceptor  Control).  The  Air  Force  Systems  Com- 

mand's Electronic  Systems  Division,  Hanscom  Field,  has 
sent  out  requests  for  letters  of  interest  from  industry;  re- 

turns are  due  March  22.  BUIC  is  expected  to  provide  an 
emergency  means  for  controlling  all  weapons  under  the 
North  American  Air  Defense  Command.  The  present  41 6L 
SAGE  System  Program  Office  will  direct  the  new  program. 
Essentially  a  solid-state  computer/data  processing  system, 
it  will  provide  weapons  control  insurance  during  a  post- 
attack  period. 

PROPULSION 

Ocean-Recovered  Engines  Usable 
A  series  of  dunking  tests  with  an  H-l  (Saturn)  engine 

has  proven  the  economic  feasibility  of  reclaiming  ocean- 
buried  engines.  Marshall  Space  Flight  Center  engineers  re- 

vamped an  unprotected,  dunked,  H-l  engine,  fired  it  suc- 
cessfully— and  figured  the  total  cost  including  parts,  man- 

hours  and  transportation  at  10%  of  the  new  engine  price. 
The  next  big  snag  is  in  perfecting  a  let-down  system  to  pre- 

vent engines  from  burning  up  as  they  re-enter  or  being 
damaged  by  water  impact. 

ADVANCED  MATERIALS 

Friction  in  Journal  Bearings  Studied 
Friction  problems  which  result  in  the  malfunctioning  of 

dynamically  loaded  journal  bearings  are  being  investigated 
by  Cornell  University  scientists  under  a  National  Science 
Foundation  grant.  Professors  F.  W.  Ocvirk  and  J.  F.  Booker 
are  aiming  for  theories  which  will  permit  efficient  and  re- 

liable designs.  Turbine  and  reciprocating  machinery  are 
involved,  as  are  both  digital  and  analog  computations. 
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advanced  materials 

Silicone  Fluid  Promising  as  Coolant 

A  NEW,  LOW-VOLATILE,  ex- 
treme temperature  silicone  fluid  for 

coolant  applications  in  advanced  air- 
borne electronics  equipment  has  been 

perfected  by  Silicone  Products  Dept., 
General  Electric  Co. 

Its  electrical  properties  are  similar 
to  those  of  polymethylsiloxane  liquids. 
The  crucial  difference  is  that  the  low- 
temperature  volatiles  have  been  elimi- 

nated through  a  new  GE  process. 
This  devolatilization  fractionation 

provides  a  fluid  with  high  flash  point 
and  low  evaporative  characteristics. 
Designated  XF  1053,  it  possesses  visco- 

sities as  low  as  140  centistokes  at 
—  80° F.  The  Air  Force  target  at  this 
temperature  is  200  (Max)  centistokes. 

XF  1053  is  the  only  fluid  available 
meeting  the  new  closed  cup  flammabil- 

ity  tests  being  considered  by  the  Air 
Force,  and  proposed  AF  requirements 
for  an  electronic  coolant  in  the  silicone 
temperature  range  to  replace  organic 
fluids. 

In  general,  the  properties  of  XF 
1053  include: 

•  Closed-cup  flash  point  greater  than 
400°F,  far  greater  than  conventional coolant  materials. 

•  Low  weight  losses  at  high  temper- 
ature— up  to  three  times  less  than  pres- 

ent conventional  materials. 
•  Low  viscosity/ temperature  coeffi- 

cient— Minimum  viscosity  change  over 
wide  temperature  range. 

In  additional  thermal  stability  studies 
conducted  by  the  Air  Force,  the  fluid 
has  exhibited  negligible  degradation  at 
600°F. 

•  Far  ahead — As  illustrated  in  the 
comparison  data  in  the  weight  loss  tests, 
both  petroleum  oil  and  the  silicate  ester 
fluids  experienced  oxidation  and  com- 

plete decomposition  after  a  relatively 
short  time.  The  oil  left  a  brown  sludge 
after  10  hours  at  400°F,  the  ester 
changed  to  hard  crystals  after  80  hours 
at  the  same  temperature. 

No  evidence  of  material  gelation 
and  oxidation  was  found  in  the  XF  1053 
fluid  after  160-  and  220-hour  examina- 

tions. This  is  in  line  with  the  capabili- 
ties of  the  best  standard  grades  of 

silicones.  In  previous  thermal  and  oxi- 
dative stability  studies,  these  have  shown 

useful  lives  of  about  1000  hours  at 
392°F  and  about  200  hours  at  482°F. 

Since  the  basic  structure  of  the  XF- 
1053  fluid  is  methypolysiloxane,  it 
possesses  the  usual  good  insulation  prop- 

erties. This  combination  of  fluid  proper- 
ties with  an  insulating  liquid  offers  the 

dual  advantage  of  increasing  both  the 
dielectric  strength  and  the  heat  dissipa- 

tion characteristics  of  an  electronic assembly. 

The  initial  cost  to  the  user  is  $12 
per  lb.,  but  some  of  the  fluids  it  re- 

places cost  twice  this.  There  is  also  the 
real  possibility  that  many  different 
grades  of  stocks  can  be  done  away  with 
with  the  substitution  of  XF  1053.  Price 
reductions  can  be  expected  as  volume increases. 

•  Vacuum/hydraulic  potential — 
While  GE  scientists  consider  XF  1053 
a  significant  contribution  in  its  own 
right,  they  believe  the  potential  of  the 
new  low-volatile  silicone  type  it  repre- sents is  huge. 

The  principles  of  fluids  for  high 
temperature  and  vacuum  service  could 
have  further  interesting  implications 
when  applied  to  some  of  the  higher  tem- 

perature silicones  under  development. 
No  electronic  system  now  in  opera- 
tion requires  a  650°F  coolant  with  low- 

volatile  fluid  capabilities,  but  future 
needs  in  this  area  as  well  as  in  lubri- 

cants and  hydraulic  fluids  may  well  be 
served  through  further  development  of 
this  technology. 

Electronic  gear  for  some  of  the  pres- 
ently planned  space  programs  will  in- 

crease in  complexity;  as  this  occurs, 
heat  build-up  can  be  anticipated.  One 
expected  application  is  in  the  Apollo 
capsule.  3 

MATERIAL 

XF-1053 

Methylpoly- 
siloxane 
(Std.  silicone) 

Petroleum  Oil 

Silicate  Ester 

Temperature 

NEW 
TARGET 

100 200 300 
400 

'*  Proposed  flammability  requirement  for  the  military.    Test  method  ASTM-D93-58T 

CLOSED-CUP  flashpoint  tests  show  XF-1053  dielectric  coolant  exceeded  proposed 
AF  target  requirements.    Standard  silicones  proved  better  than  other  contenders. 

WEIGHT  LOSS  of  XF-1053  reached  only  20%  at  60  hrs.;  silicate  ester  decomposed 
completely.   Fluid  had  lowest  evaporation-weight  loss  of  all  contenders. 
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He  solved  this  puzzle 

by  taking  it  apart! 

Like  oil  and  water,  extreme  preci- 
sion and  "complete"  mobility  resist 

combination  in  tracking  radar  an- 
tennas. Designing  for  one  of  these 

characteristics  "automatically"  pre- cludes the  other.  That  was  this  AMF 
Engineer's  puzzle  — to  put  both  pre- 

cision and  mobility  in  an  antenna 
for  duty  with  the  Marine  Corps. 

He  solved  the  puzzle,  literally,  by 

taking  apart  the  solution  — AMF's TPQ-10  antenna-into  10  rugged, 
portable,  submersible,  precision- 
fabricated  packages.  TPQ-10  is  de- 

signed for  helicopter  transport.  Each 
component  can  be  dropped  in  water ; 
it  will  come  up  for  more.  The  pack- 

aged antenna  on  its  pallet  can  be 
dropped  on  land  from  3  feet  without 
impairing  precision. 

Each  component  can  be  picked  up  — 
the  largest  weighs  425  lbs.— and  can 
be  handled  by  3  men.  A  crew  of  6 
can  put  TPQ-10  together  in  20  min- utes with  one  standard  wrench. 
Among  the  design  innovations 

that  solved  the  puzzle  is  a  "piggy- 
back" gear  arrangement  that  puts 

both  azimuth  and  elevation  drives  in 
one  package.  Result :  almost  half  the 
parts  and  weight  of  separate  compo- 

nents. Precision  fabrication  is  typi- 
fied by  the  reflector  arms,  held  to  a 

.005"  deviation  over  45  inches ! 
(For  unclassified  information  on  early 
loaning  and  radar  antenna  systems, 
write  Dept.  CS  1,  address  below.) 

Single  Command  Concept 

Solving  puzzles  with  next-to-im- 
possible conditions  is  AMF's  busi- ness. AMF's  imagination  and  skills 

are  organized  in  a  single  operational 
unit  offering  a  wide  range  of  engi- 

neering and  production  capabilities. 
It  accepts  assignments  at  any  stage 
from  concept  through  development, 
production  and  service  training,  and 
completes  them  faster ...  in 
•  Gromid  Support  Equipment 
•  WeaponSyste?ns-UnderseaWarfare 
•  Automatic  Handling  &  Processing 
•  Range  Instrumentation  •  Radar 
•  Space  Environment  Equipment 
•  Nuclear  Research  &  Development 
GOVERNMENT  PRODUCTS  GROUP 
Fawcett  Bldg.,  Fawcett  Place 

Greenwich,  Connecticut 

AMERICAN  MACHINE  &  FOUNDRY  COMPA 
Circle  No.  7  on  Subscriber  Service  Card 



YOUR  WORKGROUND  IS  IN  PLAYGROUND  ASHEVILL 

Here  you  see  the  1,300-acre  site  that  is  the  plan- 
ning and  action  center  of  AMCEL  PROPULSION  COM- 

PANY. Here  people  work  amidst  the  beauty  and  broad 

vistas  of  North  Carolina's  famed  Blue  Ridge  Mountains. 
Nearby  is  cosmopolitan  Asheville,  one  of  the  South's 

most  advanced  cities,  modern  in  every  respect,  a 
center  of  culture  where  churches,  schools,  medical 

facilities  and  shopping  centers  are  found  in  abunl 
dance.  People  find  in  the  Asheville  area  one  of  Amerj 

ica's  great  natural  playgrounds — its  city  parks  am 
swimming  pools,  lakes,  golf  courses,  skating  rinks] 
ski  resorts,  and  state  and  national  parks  are  availably 

to  make  more  pleasurable  the  Amcel  employee's 
leisure-time  activity. 



UNUSUAL  OPPORTUNITIES  WHERE  INDIVIDUAL  RECOGNITION 

WILL  LEAD  TO  AN  EXPANDED  FUTURE. 

9  Manager — Product  Development  Section  .  .  .  Pro- 
pulsion Development  Engineer  with  responsibility  for 

providing  leadership  in  tasks  of  integrating  compo- 
nents, schemes  and  hardware  into  complete  workable 

systems  and  recording  of  performance  characteristics 
of  such  components. 

^  Manager — Product  Design  Section  ...  To  plan, 
organize,  integrate,  direct  and  measure  the  product 
design  function.  Deal  with  rocket  propulsion  systems, 
components  and  associated  equipment.  Provide  over- 

all leadership  functions  for  design  of  propellant  proc- 
essing equipment  and  test  apparatus. 

9  Manager — Product  Processing  Section  .  .  .  Pro- 
pellant and  motor  component  processing  engineer  with 

responsibility  for  providing  leadership  in  tasks  of 
planning  and  directing  processing  of  propellant  for- 

mulations and  motor  components  for  use  in  rocket 
motor  development  programs.  Direct  motor  finishing 
operations  and  final  assembly. 

£  Manager— Advanced  Products  Section  . .  .  Respon- 
sible for  initiating  new  concepts  and  ideas  on  propul- 
sion devices.  Direct  preliminary  design  of  new 

propulsion  systems.  Synthesize  and  analyze  system 
operating  problems.  Aid  in  market  surveys  for  plan- 

ning future  work  areas. 

A  Manager  of  Test  Operations  ...  To  direct  staff 
of  Project  Test  Engineers  in  planning  and  performing 
solid  rocket  development  test  programs.  Develop  and 
operate  facilities  for  testing  motors,  propellants,  explo- 

sives and  environmental  testing.  Will  plan  programs, 
define  instrumentation  requirements,  design  and  direct 
test  set-ups. 

^  Senior  Reliability  Engineer  ...  To  develop  project 
reliability  assurance  plans.  To  provide  design  coverage 
for  reliability  prediction  and  assurance.  To  plan  relia- 

bility test  programs.  Also  to  plan  controls  for  produc- 
tion of  rocket  motors  and  components. 

9  Design  Engineers  ...  To  design  structural  com- 
ponents for  rocket  motors  and  associated  equipment, 

specify  materials  for  construction.  Recommend  meth- 
ods for  construction  or  fabrication  of  design  items. 

Calculate  stresses,  strains,  heat  transfer,  vibration 
and  dynamic  loading  effects. 
R Project  Test  Engineers  ...  To  plan  test  programs 

r  projects,  coordinate  all  instrumentation  and  test 
plans,  designs  and  operations.  Represents  test  func- 

tion in  project  organization  for  development  of  rocket 
motors,  propellants,  explosives  or  explosive  devices. 
^  Physical  Test  Engineers  ...  To  perform  and  direct 
material  tests  and  non-destructive  tests  on  propellants, 
explosives  and  rocket  motor  materials.  Plan  and  per- 

form programs  of  physical  tests  for  propellants  and 
explosives  under  development,  advise  designers  on 
grain  design  and  material  capabilities.  Knowledge  of 
radiography  and  ultrasonic  methods  desirable, 
f  Internal  Ballisticians  ...  To  make  charge  design 
studies  to  optimize  ballistic  performance  and  pre- 

liminary charge  design  studies  for  proposals.  Make 
ballistic  calculations  of  the  parameters  on  propulsion 
units.  Experienced  in  ballistic  evaluation  and  analysis 
of  propellants  and  propulsion  systems. 
£  Mathematician— Statistician  .  .  .  Supervise  data 
reduction  and  mathematical  services  function  and 
provide  advisory  services  in  mathematical  analysis, 
design  of  experiments  and  statistical  analysis.  Reduce 
data  from  propulsion  and  explosive  tests. 

0  Propellant  Process  Engineers  ...  To  plan  and 
direct  processing  of  propellant  formulation  and  motor 
components  for  use  in  rocket  motor  development 
programs.  Direct  motor  finishing  operations  and  final 
assembly. 

0  Product  Development  Engineers  ...  To  coordinate 
and  carry  out  tasks  of  integrating  components  into 
complete  workable  systems  and  to  record  character- 

istics and  performance  of  such  systems.  Prepare 
development  plans  including  test  objectives  and 
schedules. 

•  YOU. ..YOUR  FUTURE. ..WITH  AM  CEL. 

When  you  seek  a  better  position,  your  prime 
interest  is  your  future  and  in  the  significance  of  the 
work.  Key  programs  at  Amcel  Propulsion  Company  for 
prime  contractors  in  the  aerospace  industry  have 
created  new  technical  positions,  each  with  a  future 
as  outstanding  as  a  dedicated,  competent,  individual 
makes  it. 

Here  is  your  opportunity  to  step  into  a  position  of 
responsibility  in  a  small  propulsion  development  and 
high  explosives  company. 

Typical  current  development  programs  at  AMCEL 
include  short  burning  time  rockets,  high  temperature 

MM 

PROPULSION 

COMPANY 
ASHEVILLE,  N.  C. 

explosives,  controllable  thrust  solid  rockets,  and  new 
techniques  for  processing  explosives  and  forming 
explosive  charges. 

Amcel  offers  important  advantages  associated  with 
growth.  It  provides  the  benefits  offered  by  larger  com- 

panies, as  it  is  a  division  of  Celanese  Corporation  of 
America,  while  retaining  the  operating  character  of  a 
small  independent  company.  Individual  aptitude  and 
initiative  is  immediately  recognized — never  forgotten. 
Your  interest  in  a  professional  position  with  Amcel 
Propulsion  Company  will  receive  prompt,  confidential 
attention.  Direct  your  inquiry  to:  Mr.  Bob  L.  Banks, 
Industrial  Relations  Manager. 

AN  EQUAL  OPPORTUNITY  EMPLOYER 

A  Division  ot 
Corporation  of  America 



Hughes 

Provides  you  with  an  opportunity 
to  enrich  your  background. 
For  example : 
The  Advanced  Armaments  Laboratory. 

The  steadily  expanding  Hughes  Advanced  Armaments  Lab- 
oratory has  numerous  projects  underway  to  challenge  the 

imagination  and  heighten  the  potential  of  many  engineers  such 
as  yourself.  Advanced  facilities  provide  the  professional  en- 

vironment for  creative  thought.  The  warm  Southern  California 
climate  makes  life  easier  and  more  rewarding.  Hughes  offers 
this  combination  to  enrich  your  life— opportunity,  challenge, 
environment  and  climate. 

Immediate  positions  are  available  in: 
System  Engineering,  Analysis  and  Evaluation 
Subsystem  and  Component  Development 

Help  push  forward  the  state  of  the  art  on  projects  in  these  chal- 
lenging areas: 

Pulse  Doppler  Radar  Techniques 
CFAR  Detection  Devices  &  Displays 
Counter-Countermeasures  Logic 
Advanced  Weapon  System  Planning  and  Analysis 
Planar  Array  Antennas  for  Missiles  and  Aircraft 
Low  Noise  Parametric  Amplifiers 
Advanced  TWT  Research  and  Development 
Solid  State  Computers 

And  after  work  relaxation,  education,  recreation,  in  a  climate  made 
for  living— Southern  California.  Culver  City  averages  260  sunny  days  a 
year  with  an  average  rainfall  of  14.59  inches.  And  Culver  City  enjoys  a 
mean  maximum  temperature  of  71  with  no  smog. 
If  you  are  a  graduate  mechanical  engineer,  electronic  engineer,  physicist 
or  aeronautical  engineer,  with  experience  applicable  to  the  above  open- 

ings, please  airmail  your  resume  to: 
Mr.  Robert  A.  Martin 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  88,  California. 

Creating  a  new  world  with  Electronics 
,  ! 

i    HUGHES  I 

AEROSPACE  DIVISIONS An  equal  opportunity  employer. 
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space  medicine 

Life  Support  'Know-How'  Updated 

by  Heather  M.  David 
FIRST  RESULTS  of  a  $300,000 

study  of  environmental  control  require- 
ments for  space  vehicles  have  been  re- 

leased by  the  Aeronautical  Systems 
Division,  Air  Force  Systems  Command. 

The  report — a  veritable  "how  to" 
for  life  support  engineering  for  manned 
space  vehicles — was  prepared  by  North 
American  Aviation's  Los  Angeles  Di- 

vision and  AiResearch  Mfg.  Co. 
The  program  is  analytical  and  ex- 

perimental. The  researchers  are  deter- 
mining the  state  of  the  art,  evaluating 

it  and  developing  the  best  approaches. 
Hypothetical  vehicles  incorporating  the 
results  of  the  study  have  been  carried 
through  preliminary  design  and  used  as 
thermal  and  atmospheric  control  models. 

•  First  approach — Arthur  R.  K. 
Breeze  of  North  American  says  that  the 
designer  must  first  know  1),  environ- 

mental requirements  of  the  equipment 
and  2),  physiological  requirements  of 
the  men  who  will  make  up  the  crew. 
He  cautions  that  average  numbers  for 
performance  and  metabolic  activity 
cannot  always  be  relied  upon  because 
man's  emotional  and  physical  states  af- 

fect his  sensory  ability. 
Some  tables  which  should  be  very 

helpful  to  design  engineers  are:  1) 
methods  of  computing  man's  oxygen 
requirement  and  carbon  dioxide  output 
based  on  nutritional  requirements;  2) 
equations  for  computing  human  heat 
losses  and  cabin  decompression  rates, 
and  their  use  in  establishing  thermal 
and  atmospheric  control  systems;  3) 
recommendations  for  additional  study 
efforts  to  develop  a  simple  mathematical 
model  of  a  man  as  a  basis  for  the  de- 

velopment of  optimum  cabin  atmos- 
pheric composition,  thermal  conditions 

and  sustenance  support;  4)  other  physi- 
ological and  metabolic  data  organized 

in  a  form  readily  usable  by  the  systems 
engineer  for  establishing  requirements 
for  thermal  and  atmospheric  control 
systems. 

Points  of  interest: 
—Short-duration  missions  will  pre- 

sent more  problems  in  estimating  hu- 
man requirements  due  to  emotion  and 

stress.  On  longer  missions,  a  percentage 
can  be  arrived  at. 

Compartment  volume  requirements 
per  man  are  much  less  for  short  mis- 

sions than  for  voyages  of  more  than  one 
or  two  days.    In  addition,  if  a  pres- 

sure suit  is  worn  all  the  time,  it  cuts 

down  the  man's  space  by  about  2  cu.  ft. 
—Long-duration  missions  will  be 

problematic  in  design  of  atmospheric 
composition  control  and  thermal  com- 

fort control.  The  shirtsleeve  environ- 
ment is  best,  as  is  the  gas  composition 

of  air  at  sea-level  conditions. 
At  the  present  state  of  the  art,  the 

oxygen-rich  30-40%  atmosphere  (10- 
1 1  psia)  with  a  diluent  gas  is  best. 

Another  advantage  of  the  air  mix- 
ture is  that  if  there  were  a  cabin  leak- 
age, the  astronauts  could  have  as  much 

as  a  half-hour  more  time  to  find  and 
repair  it  than  they  would  in  a  3.5-psia, 
1 00  %  -oxygen  atmosphere . 

—The  maximum  concentration  of 
C02  for  long  flight  periods  is  0.5%  by 
volume. 

—Temperatures  must  be  closely  kept 
to  within  65  to  73 °F  range  for  long- 
duration  missions.  The  report  has  ex- 

cellent charts  and  diagrams  on  the  ther- 
mal properties  of  different  components, 

subsystems  and  men  at  various  tasks. 
—Re-entry  temperatures  must  be 

kept  to  under  200°F  in  the  cabin  if 
re-entry  is  to  take  a  half-hour  or  more. 
Emergency  heat  situations  of  more  than 
200°F  must  not  last  longer  than  a  half- hour. 

—In  a  normal  temperature  situation 
(70  to  80°F)  a  man  can  survive  for 
about  10  days  without  water  provided 
he  starts  with  a  normal  water  balance. 

•  Further  facts  needed — The  report 

is  the  result  of  the  first  six  months  of 
a  three-year  study.  Breeze  pointed  out 
that  further  study  is  needed  on: 

—More  data  on  man's  reaction  to 
prolonged  exposure  to  various  artificial 
atmospheres. 

—Determination  of  realistic  water 
requirements. 

—  Production  rate  of  contaminants 
as  a  function  of  time  by  the  equipment 
and  materials  carried  in  the  vehicle. 

—Concepts  of  escape  for  application 
to  orbital  and  cislunar  vehicles. 

—  Studies  of  drugs  and  other  phar- 
maceuticals which  might  increase  man's tolerance  to  stress  and  their  possible toxicity. 

—Physiological  data  on  man's  toler- ance to  transient  changes  in  his  thermal 
environment. 

The  report  even  covers  the  effect  of 
crew  illness  upon  the  space  cabin  en- 

vironmental system.  Diseases  producing 
fevers  will  increase  the  speed  of  chemi- 

cal reactions  within  the  cells,  raise  the 
body  temperature  and  metabolism.  Dis- eases with  chills  also  raise  the  metabolic 
rate  because  of  the  increased  involun- 

tary muscular  activity.  This  would 
cause  increased  use  of  the  crews'  stores 
of  oxygen,  but  should  not  be  too  big 
a  problem,  since  emergency  stores 
would  be  figured  in  for  other  reasons. 

Copies  of  the  report  are  available 
from  the  Office  of  Technical  Services 
and  the  Armed  Services  Technical  In- 

formation Agency  (ASTIA). 
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management 

STL  Drives  for  Hardware  Business 

Firm  forfeited  heavily  when  it  broke  with 

Air  Force,  but  has  confidence  based  on  new  awards 
by  Willard  E.  Wilks 

El  Segundo,  Calif. — Space  Tech- 
nology Laboratories,  free  of  the  re- 

strictions created  by  its  former  relation- 
ship with  the  Air  Force,  now  is  driving 

hard  to  become  a  major  contender  in 
the  space  hardware  business. 

Company  officials  have  found  that 
the  change  requires  a  whole  new  man- 

agement approach. 
"We  get  a  certain  lump  in  our 

throat."  the  new,  38-year-old  president of  STL  told  Missiles  and  Rockets 

recently.  "We've  put  our  neck  on  the 

line." 

Dr.  Ruben  F.  Mettler  can't  be blamed  for  some  preoccupation  with 
STL's  neck,  for  the  Thompson  Ramo 
Wooldridge  subsidiary's  two-phase  build- 

ing program,  now  half-completed,  rep- 
resents a  $25-30  million  bet  that  it 

can  "make  a  major,  concrete  step  into 
the  space  hardware  business." Mettler  is  confident,  however. 

"The  best  way  I  can  characterize  it 
is  that  we,  ourselves,  have  the  confi- 

dence that  our  bankers  (including 

TRW)  must  have,"  he  says.  "We  are 
making  this  as  a  corporate  investment 
with  all  private  money.  We  are  not 

asking  the  government  for  funds." Completed  so  far  are  five  of  1 0  new 
buildings  in  STL's  plan,  including  a 
five-story  engineering  office  building, 
three  two-story  research  buildings,  and 
the  Fabrication,  Integration  and  Test 
facility  (FIT).  (See  p.  32).  Focus  of 
STL's  hope  is  the  FIT  building,  designed 
to  provide  "the  technological  capacity 
to  do  anything  that  needs  doing  in  the 

spacecraft  field." •  Making  the  break — STL's  confi- dence is  based  on  the  business  it  has 
picked  up  in  the  20  months  since  July, 

STL'S  METTLER —  With  $25-30-million  investment     1960,  when,  as  TRW  vice  chairman  Dr. 
in  FIT,  "we  have  the  confidence  our  bankers  must  have."     Simon  Ramo  put  it,  "STL  severed  its 
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special  relationship  with  the  Air  Force 
and  became  a  conventional,  competitive 
contractor." 

That  relationship,  which  prevented 
STL  from  obtaining  major  ballistic  mis- 

sile hardware  business,  had  been  started 
in  1954  when  the  former  Guided  Mis- 

siles Research  division  of  Ramo-Woold- 
ridge  Corp.  won  the  job  of  providing 
systems  engineering  and  technical  direc- 

tion for  the  Air  Force  ballistic  missile 
program.  In  July,  1960,  the  new  non- 

profit Aerospace  Corp.  took  over  three 
jobs  STL  had  been  doing  for  the  Air 
Force : 

—Advanced  planning  for  future 
systems. 

—Technical  staff  assistance. 
—Administrative  and  "housekeep- 

ing" support,  including  provision  of 
some  Air  Force  housing,  a  car  pool, 
building  maintenance,  and  office  serv- 

ices, all  of  which  comprised  15-25%  of 
STL's  activity. STL  retained  the  SE/TD  work  on 

Atlas,  Titan  and  Minuteman  "as  a 
normal  industrial  contractor." 

While  the  programs  remaining  to  be 
completed  left  STL  with  substantial 
revenues,  the  switch  brought  dire  in- 

dustry predictions  regarding  the  firm's future — some  not  without  malice.  As 
one  industry  executive  put  it:  "There 
were  contractors  who  had  felt  that  they 
could  do  systems  engineering  on  their 
own  programs  just  as  well  as  STL." 

On  STL's  books,  the  switch  meant 
that  "in  one  stroke  we  lost  one-quarter 
of  our  business,"  Mettler  says.  It  also 
meant  a  growing  loss  of  business  unless 
STL  started  winning  new  work  immedi- 

ately. For  while  STL  was  left  with  a 
total  contract  effort  of  about  $60  million 
a  year,  more  than  half  of  that  was  mis- 

sile work  due  to  run  out  in  several  years. 

"Overnight  we  were  faced  with  a 
variety  of  unusual  problems,"  Mettler 
says,  pointing  out  that  in  the  missile 
business  STL  is  "unique  in  what  it  has 
not  done." 

Under  its  Air  Force  contract,  STL 
had  been  limited  to  a  strictly  "no  hard- 

ware" role  in  the  missile  program,  ex- 
cept for  a  few  special  situations  requir- 

ing approval  of  the  Air  Force  Secretary. 
Because  of  the  enormous  scope  of  the 
program,  and  because  it  was  such  an 
absorbing  responsibility,  the  company 
sought  relatively  little  additional  busi- 

ness. STL  built  Pioneers  I  and  V  and 
Explorer  VI,  but  these  programs  called 
for  very  little  hardware. 

•  Gains  with  pains — In  July,  1960, 
this  all  boiled  down  to  a  prospect  that 
few  big,  going  concerns  have  had  to 
face: 

"We  were  a  company  that  had  not 
been  in  the  competitive  arena,"  Mettler 
says.  "We  had  no  sales  offices,  no  sales 
organization  at  all.  We  had  relatively 

few  contracts." 
But  the  change  in  status  had  ac- 

complished several  things  both  STL  and 
TRW  felt  improved  their  competitive 

position: —  STL  was  now  free  to  get  into  the 
fabrication  business,  where,  Ramo  says, 

"you  get  more  return  on  your  invest- 

ment." 
—STL  got  out  of  the  business  of 

providing  administrative,  housing  and 
"housekeeping"  support  for  the  Air 
Force.  "We  were  really  pushing  to  get 
rid  of  that,"  Ramo  said. 

—Most  important,  TRW  felt  it  had 
gotten  rid  of  a  "Jonah,"  which  STL  had 
become  because  of  its  special  relation- 

ship with  the  Air  Force. 
In  1958,  STL  was  incorporated  as 

a  separate  and  autonomous  company, 
with  the  provision  that  it  give  its  parent 
financial  but  no  operational  information, 
the  intent  being  to  avoid  providing  any 
information  which  might  be  construed 
as  giving  TRW  a  competitive  advan- 

tage. Nevertheless,  the  feeling  persisted 
in  the  business  that  STL  was  in  a  posi- 

tion to  feed  such  information  to  TRW. 
Moreover,  Ramo  says,  there  was  a 

misconception  about  STL  "that  hurt 
TRW  business — people  had  come  to 
think  that  the  Air  Force  'owned'  STL. 
In  Washington,  someone  looking  over 
a  TRW  bid  would  say,  'Oh,  yes,  they 
run  STL — isn't  that  a  government 

outfit?'  " •  Regrowing — STL's  first  goal  fol- 
lowing the  switch  was  to  "grow  back 

to  where  we  were  before."  In  the  en- 
suing months  of  planning,  reorganiza- 

tion, staff  expansion,  building  of  new 
facilities  and  creation  of  a  sales  organ- 

ization, it  has  done  that  and  a  bit 
more. 

"In  passing  from  the  year  1961  to 
1962,  our  work  rate  reached  roughly 

$82  million  a  year,"  Mettler  says.  "For 
the  year  1962,  about  one-half  of  our 
effort  will  be  continuation  of  our  work 
on  ballistic  missiles.  The  other  half 
will  be  new  work  on  contracts  com- 

peted for  and  won  since  July,  1960. 
"In  general,  we  feel  we  have  tested 

ourselves  in  the  competitive  arena.  We 
have  won  the  prime  contracts  on  OGO 
and  Vela  Hotel.  These  are  the  major 
ones.  We  competed  for  Surveyor  and 
lost,  and  we  competed  as  a  team  with 
General  Electric,  Douglas  and  Grum- 

man for  Apollo,  but  lost  there,  too.  We 
competed  for  and  won  the  contract  for 
systems   engineering   services  for  the 

Army  Advent  Management  Agency.  So 
we  have  won  some  and  lost  some.  On 
the  balance,  the  net  result  is  one  that 

we  are  very  pleased  with." STL  currently  has  95  military  and 
non-military  contracts,  and  expects  bus- 

iness to  hit  $100  million  within  the  next 

year,  if  the  present  growth  rate  con- tinues. Contracts  won  since  July,  1960, 
include: 

Prime  on  Vela  Hotel,  a  multimillion- 
dollar  award;  prime  on  OGO,  about 
$23.5  million;  systems  engineering  par- 

ticipation in  the  Nike-Zeus  target  pro- 
gram (BSD),  $4.9  million;  production 

of  broadband  power  amplifiers,  (sub 
to  Sanders  Associates)  $4.5  million;  re- 

search on  advanced  space-based  inter- 
ceptors (Air  Force)  $1.2  million;  the 

range  and  range  rate  tracking  system 
for  Syncom  (NASA)  $1.3  million; 
others,  ranging  from  $19,000  to  $600,- 
000,  include  post-Saturn  space  vehicle 
study  (NASA);  study  of  non-linear 
techniques  for  space  vehicle  control 
systems  (AF);  study  of  PRIMAG 
(Printed  Circuit  and  Magnetic  Record- 

ing) for  sonar  use  (Navy);  advanced 
data  processing  system  for  use  in  con- 

nection with  Project  Artemis  (Hudson 
Labs) ;  radiation  determination  modules 
for  ARENTS  (Convair);  ground  read- 

out equipment  (AF) ;  study  of  use  of 
electronic  device  for  generating  electro- 

magnetic radiation  ( AF) ;  ion  beam 
study  (NASA) ;  research  on  Saturn- 
and  Nova-class  vehicles  (NASA);  par- 

ticle acceleration  study  (AF);  study  of 
payload  capabilities  of  current  U.S. 
medium  class  space  vehicles  (NASA). 
STL  also  is  working  on  Relay  and Ranger. 

•  Not  in  tank  business: — "In  seek- 
ing new  business,"  Mettler  says,  "we  are 

focused  heavily  on  spacecraft  and  asso- 
ciated support  equipment.  We  are  not 

competing  to  build  large  tanks  or  boost- 
ers." Overall,  he  expects  STL,  with  its 

extensive  systems  engineering  experi- 
ence, "to  continue  leadership  in  the 

space  technology  and  ballistic  missile 

fields." 

Mettler  sees  the  $7-million,  133,000- 
sq.-ft.  FIT  building,  which  consolidates 
STL's  old  scattered  hardware  facilities 
and  doubles  capacity,  as  enabling  the 
firm  to  "really  go  after  more  hardware 
business.  We've  poured  all  of  our  ex- 

perience into  making  it  the  best  there 
is.  Spacecraft  will  be  produced  in  very 
low  quantities,  each  a  different,  short- 
run  item.  That  is  the  nature  of  the  busi- 

ness, and  we  have  tailored  the  facility 

and  our  procedures  to  that  end." In  the  OGO  program,  for  example, 
the  production  rate  will  be  two  or  three 

missiles  and  rockets,  March  19,  1962 

31 



STL's  Huge  'FIT'  Building  Is  Ultimate  in  Integration 
El  Segundo,  Calif. — The  133,- 

OOO-sq.-ft.  Fabrication,  Integration  and 
Test  building  (FIT)  is  a  key  unit  in 
STL's  10- building.  110-acre  tract  here. 

The  FIT  building  has  been  geared, 
from  basic  design  concepts  through 
completion  and  equipment  fitting,  to  the 
establishment  of  a  completely  inte- 

grated facility  for  development,  fabri- 
cation and  test  of  space  systems. 

Production  facilities  also  are  avail- 
able in  the  FIT  building,  not  for  mass 

industrial  use  but  for  the  specialized 
equipment  and  capability  needed  to 
backup  STL's  space  programs. 

One  of  the  most  important  tools  for 
the  firm's  space  projects  will  be  a  new 
30-ft.  spherical  space  simulator  now 
under  construction  by  Chicago  Bridge 
and  Iron  at  a  cost  of  $500,000.  The 
simulator  will  be  able  to  handle  test 
articles  19  ft.  in  height  or  width — 
the  size  of  the  access  door.  If  a  test 
article  can  be  dismantled  for  work  in 
the  chamber,  there  is  a  28-ft.  clear  in- 

terior working  space  available. 
The  simulator  will  cover  tempera- 

tures ranging  from  +275°F  to  — 325°F 
and  atmospheric  environments  down  to 
1  x  10 — 6  mm  of  Hg  with  a  spacecraft 

such  as  OGO  in  the  chamber.  It  also 
has  capacity  for  expansion  to  lower 
densities  with  the  add'tion  of  pumps. The  side  door  may  also  be  used,  with 
modification,  as  an  air  lock.  An  exten- 

sion can  be  added  to  the  door  area 
if  it  is  necessary  to  expose  long,  slender 
articles  to  the  space  environment. 

The  space  simulator  will  also  have 
solar  simulation  capability,  including 
simulation  of  how  the  sun  would  look 
from  Venus.  This  unit  was  designed 
and  built  by  STL.  It  uses  carbon  arc 
light  sources  because  of  the  spectral 
match  with  actual  conditions  as  com- 

pared to  other  available  light  sources. 
All  test  articles  for  the  sphere  will 

be  attached  to  the  cover.  This  allows 
complete  checkout  of  all  systems  prior 
to  chamber  testing.  It  also  permits  all 
cabling  and  other  instrumentation  leads 
to  be  centralized  in  a  single  access  and 
pass-through  area. 

The  big  sphere  will  be  located  at 
one  end  of  the  FIT  building's  high 
bay — 40  ft.  wide,  SO  ft.  high,  and  400 
ft.  long.  The  entire  bay  is  serviced  by  a 
10-ton  overhead  crane. 

Second  major  spacecraft  facility  in 
the  high  bay  is  the  systems  integration 

and  test  area — about  17.000  sq.  ft.  In 
this  area,  spacecraft  such  as  OGO, 
EGO  and  POGO  or  that  for  Vela 
Hotel  will  be  completely  checked  out 
many  times  before  they  are  ready  for 
delivery.  All  checkout  equipment  to  be 
used  will  be  portable,  to  provide  flex- 

ibility in  placement  of  spacecraft 
checkout  stations. 

Integration  of  the  systems  here  will 
be  about  as  complete  as  it  is  possible 
to  achieve.  STL  plans  to  duplicate  all 
spacecraft  functions  "hundreds  of  times at  a  distance  of  100  ft.  rather  than 
100,000.000  miles."  A  control  room  is 
provided  in  the  high-bay  balcony  for 
test  data  recordings.  In  addition,  serv- 

ice tunnels  connect  cabling  and  other 
instrumentation  to  test  vans  which  may 
be  located  outside  the  building. 

Third  area  in  the  high  bay  is  the 
structural  test  facility — a  9500-sq.ft. 
laboratory,  which  includes  offices  and 
mechanical  and  electronic  support 
areas.  Key  fixtures:  a  28  x  60  ft.  load 
reacting  test  floor,  a  10  x  10  x  12  ft. 
universal  test  fixture,  and  a  16-ft.  nose 
fairing  test  stand.  A  2000-KVA  radiant 
heating  facility  will  also  be  added. 

spacecraft  a  year.  Mettler  estimates 
R&D,  fabrication  and  flight  operations 
up  through  the  first  three  OGO  flights 
will  run  more  than  $20  million. 

•  Two-part  overhaul  —  STL  has 
undergone  what  VP-Corporate  Secre- 

tary Fred  Hesse  calls  a  "two-phase 
reorientation  of  organization"  in  ready- 

ing itself  for  its  new  role  as  a  TRW 
competitive  division.  In  place  of  its 
old  R&D  and  Advanced  Planning  di- 

visions are  five  operating  divisions — 
Fabrication,  Integration  and  Test,  Physi- 

cal Research,  Systems  Research  and 
Analysis,  Mechanics,  and  Electronics. 
Management  is  organized  in  three 
areas — Ballistic  Missile  Program,  De- 

fense Systems  Program  and  Space  Sys- 
tems Program. 

Occupying  a  special  niche  in  STL's organization  chart  is  the  Products  Di- 
vision, which,  Mettler  says,  has  "begun 

some  modest  commercial  sales"  of  prod- 
ucts, including  an  image  converter 

camera  and  a  rubidium  frequency 
standard. 

In  helping  the  Air  Force  to  estab- 
lish Aerospace  Corp.,  STL  employment 

dropped  to  some  3500  from  about  5000. 
Today,  employment  is  back  up  to 
around  4800,  including  1800  scientists 
and  engineers. 

•  'Fat'  more  apparent  than  real — 
TRW  executives  feel  that  in  some  ways 
it  was  "an  unfortunate  experience  for 
the  firm  to  be  a  principal  contractor 
in  the  biggest  program  of  its  period." 
For  one  thing,  there  was  the  feeling 
among  industry  that  a  fee  rate  of  14.3% 

for  its  Air  Force  engineering  work 
made  STL  a  rather  "fat  cat"  compared 
to  the  hardware-producing  firms.  But 
Ramo  points  out  that  this  fee  was  cut  to 
9.3%  of  estimated  costs. 

Furthermore,  Ramo  says,  the  hard- 
ware maker  realizes  a  greater  return  on 

investment  "because  when  you  are  in 
the  engineering  business,  you  don't  have the  government  providing  half  of  the 
facilities.  You  provide  your  own.  When 
you  are  in  fabrication,  the  government 
provides,  on  the  average,  half  of  the 

facility." Dr.  Louis  G.  Dunn,  until  recently 
STL  president  and  now  chairman  of 
the  board,  once  testified  before  a  sub- 

committee of  the  House  Committee  on 
Government  Operations  that  major  air- 

frame and  missile  production  contrac- 
tors averaged  19%  return  on  their 

capital  while  R-W  profits  under  its  Air 
Force  fees  at  one  time  meant  STL's 
return  "would  be  less  than  13%." 

Dunn  also  pointed  out  that  "con- trary to  the  normal  situation,  where 
contractors  receive  facilities  from  the 
government,  we  provide  these  facilities 
.  .  .  we  are  not  aware  of  any  other 
government  contractor  which  is  in  a 
similar  negative  government  facilities 

position." 
•  Transitions — Ramo  sees  a  con- 

tinuing "transition  from  the  old  pattern 
of  government  procurement  in  which 
a  single  contractor  handled  an  entire 
pioject.  Today,  there  is  accelerated 
development,  new  technologies  are  being 
used  more  than  before.   And  projects 

are  bigger  and  based  on  recent  scientific 
development.  You  simply  cannot  put 
out  a  single  contract  to  a  single  com- 

pany." 

The  overall  effect  of  this  and  the 
fact  that  space  vehicles  are  not  pro- 

duced in  great  numbers  is  that  aero- 
space companies  which  formerly  were 

"heavy  on  fabrication  and  production, 
and  light  on  engineering  are  changing," 
Ramo  says.  "There  is  heavier  emphasis 

on  engineering." On  the  other  hand,  engineering- 
oriented  firms  such  as  STL  are  moving 
more  in  the  direction  of  fabrication. 

"These  companies  are  changing  their 
mix,"  Ramo  said.  "We're  all  beginning 
to  look  more  alike." 

The  capabilities  of  STL  are  com- 
plemented by  those  of  other  members 

of  the  TRW  corporate  family,  which  has 
nearly  60  years  of  mass  precision  manu- 

facturing experience.  In  addition  to 
STL,  other  TRW  operating  groups  in- 

clude: Tapco  Division  (jet  engine  com- 
ponents, fuel  pumps,  solar  and  electrical 

power  supplies,  and  the  M-14  rifle): 
Automotive  Group  (valve,  piston  rings, 
steering  linkages  and  other  compo- 

nents); R-W  Division  (computer  sys- 
tems and  advanced  hardware);  and 

TRW  Electronics  (transistors,  diodes, 
capacitors,  and  other  electronic  de- vices). 

TRW's  international  operations  ex- 
tend these  skills  and  technologies  to  in- 

clude a  network  of  arrangements  with 
1 1  different  companies  in  foreign 
countries.  8 
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place!
 

Of  all  the  reasons  why  a  firm  might  want  to  locate 
in  Jacksonville,  one  of  the  best  is  that  children  will 
have  a  healthy,  really  great  place  to  grow.  Jackson- 

ville's place  in  the  sun  looks  for  all  the  world  like 
a  children's  paradise.  A  lot  of  it  has  to  do  with 
nature,  good  luck,  and  geography.  But  a  lot  of  it 
comes  from  farsighted  civic  planning.  Jackson- 

ville's modern,  uncluttered  skyline,  the  carefully 
designed  subdivisions . . .  the  fully  accredited  uni- 

versity . . .  they're  all  well-thought-out,well-kept-up 

and  well-nigh  impossible  to  top  anywhere  in the  country. 

Doing  business  for  nearby  Canaveral  is  one  of 
our  big  jobs,  too.  We  have  numerous  rail,  truck 

and  waterway  lines  leading  right  into  the  "Space 
Site"  area.  That  fact,  coupled  with  many  plant 
sites  around  Jacksonville,  makes  this  an  ideal 

location  for  the  space-project's  allied  industries. 
They're  never  more  than  a  few  miles  or  minutes 
away  from  the  advantages  of  Jacksonville.  Not 
only  does  Jacksonville  boast  of  all  the  usual 
municipal  facilities;  it  also  has  some  of  the  finest 
schools,  libraries,  churches,  museums  and  play- 

grounds for  your  family.  Write  for  our  Space  Age 

brochure ...  get  all  the  facts  on  why  you'd  like  to 

JOIN  US  IN 

Jacksonville 

Electric  and  Water  Utilities 
City  of  Jacksonville,  Florida 

JACKSONVILLE 

mmmmBKRKMBsm 

Gateway  to 

Florida's 
Space Industry 

h    Capt.  B.  C.  McCaffree,  Executive  Director,  Committee  of  100 m    Jacksonville  Area  Chamber  of  Commerce 

f    612-M  Hogan  Street Jacksonville  2,  Florida 

Please  forward  Jacksonville's  Space  Age  Brochure  to 
Name  
Title  

Business  Address  

City  .Zone. .State. 

Circle  No.  5  on  Subscriber  Service  Card 33 



Range  Symposium 

(Continued  from  page  14) 

aboard  Po/aw-carrying  submarines  will 
supply  ship's  position  information.  A complete  meteorological  station  also 
will  be  carried  on  board  the  tracking 
ships. 

•  Range  symposium  jammed — De- 
tails of  the  new  AMR  tracking  ships, 

other  advanced  instrumentation,  and 
range  problems  were  described  at  the 
recent  Range  Instrumentation  Symposi- 

um here. 
Expecting  roughly  600  persons  to 

attend  the  three-day  meeting,  Air  Force 
officials  were  pressed  to  find  facilities 
to  contain  the  estimated  900  who 
poured  in  from  all  over  the  country. 

Sponsored  jointly  by  the  AF  Missile 
Test  Center  and  the  Cape  Canaveral 
Chapter  of  the  Armed  Forces  Com- 

munications-Electronics Association,  the 
symposium  sought  to  examine  future 
trends  in  range  instrumentation  and 
testing. 

Indicative  of  future  growth  at 
AFMTC  was  the  prediction  by  Air 
Force  officials  that  the  AMR  capital 
investment  will  grow  from  its  present 
$1  billion  to  over  $2  billion  in  the 
next  2  years. 

While  a  majority  of  this  investment 
will  be  for  new  NASA/AF  construc- 

tion, a  considerable  amount  of  new 
range  instrumentation  will  be  required, 
officials  asserted. 

Over  the  next  5-10  years,  the  two 
programs  which  probably  will  require 
the  greatest  total  amount  of  money 
will  be  the  tracking  ships  and  range- 
support  satellites,  which  are  now  being 
considered. 

•  ARIS  expansion — First  details  of 
the  AMR  tracking  ship  program  were 
obtained  by  M/R  editors  last  week  from 
government  and  industry  officials. 

As  currently  conceived,  the  Ad- 
vanced Range  Instrumentation  Ships 

program  (previously  called  MARS  for 
Mid-Atlantic  Range  Stations)  calls  for 
10  ships. 

The  first  two  ship  conversions  and 
instrumenting  will  be  managed  by 
Sperry  Rand.  The  existing  program  is 
funded  at  $70  million,  based  on  the 
recently  definitized  contract.  (To  date, 
Sperry  has  performed  on  a  letter  con- tract only.) 

Now  two-thirds  completed,  the  first 
vessel  is  due  for  completion  by  the  end 
of  September;  the  second  should  be 
finished  45  days  later.  Both  should  be 
operational  late  this  year  or  early  in 
1963.  A  PERT-type  management  struc- 

ture and  control  have  already  been 
established. 

A  request  for  funding  of  ships  3  and 
4  are  included  in  the  FY  '63  AF  budget. 

Ships  5  and  6  will  be  similar  to  the 
first  four  but  will  be  instrumented  to 
support  the  advanced  penetration  aids 
program.  This  involves  support  for  both 
the  AF  ICBM  and  Army  A-ICBM 
developmental  program. 

Overall,  ships  1  through  6  will  be 
considered  master  ships;  7-10  will  be 
satellite  or  support  vessels.  The  master 
ships  will  carry  C-band  radars;  com- 

plete telemetry,  communications,  mete- 
orological, and  control  center  systems; 

stabilization  and  navigation  systems; 
plus  AMR-synchronized  timing  equip- 

ment and  vehicle  command  control 

systems. 
The  master  ships  will  carry  con- 

tinuous-wave transmitters;  the  support 

ships  will  have  L,  C,  and  X-band 
radars  and  range  and  range-rate  sys- 

tems but  will  not  have  operational  con- 
trol centers. 

•  Glotrac  operational  soon — An- 
other new  AMR  system  due  for  com- 

pletion soon  is  Glotrac.  A  global  track- 
ing system  being  built  by  General  Dy- 

namics/ Astronautics,  it  is  intended  pri- 
marily for  early  use  with  the  Centaur 

and  Advent  programs. 
Initially  six  or  seven  air  transpor- 

table stations  will  be  employed  to  pro- 
vide improved  accuracy  in  position  and 

velocity  measurements  over  very  long 
distances.  tt 

NASA  Budget  Hearings 
(Continued  from  page  14) 

the  Russians  would  set  up  a  ground  re- 
ceiving station  in  that  nation  it  would 

immeasurably  improve  the  systems coverage. 

"Recent  correspondence,"  he  con- 
tinued, "indicates  they  might  cooperate." 

•  Both  NASA's  Surveyor  and  the 
Army's  Advent  program  have  been  de- layed because  of  the  slippage  in  the 
Centaur  launch  vehicle  program.  In 
addition,  NASA  lost  several  million  dol- 

lars when  it  was  forced  to  scrap  certain 
equipment  to  reduce  the  size  of  the 
Mariner  spacecraft — also  because  of 
Centaur's  unavailability. 

Rep.  Karth  told  the  NASA  officials 
that  "you  better  build  a  few  more  Sur- 

veyor spacecraft,  because  Centaur's  per- 
formance is  a  little  'iffy'." •  Associate  Administrator  Robert 

C.  Seamans,  Jr.,  declared  that  NASA 
"welcomes  the  National  Space  Council's 
advice  on  overall  policy  matters,  but 
they  are  not  a  board  of  directors  re- 

viewing our  projects  in  a  detailed  way." •  Harold  B.  Finger,  director  of 
NASA's  nuclear  propulsion  office,  said 
that  the  development  of  materials  that 
could  operate  with  liquid  metals  and 

metals  vapors  up  to  2000  or  2500°F would  be  the  biggest  single  technological 
advance  in  nuclear  propulsion. 

He  confirmed  that  the  reactor  test- 
ing program  for  the  Nerva  nuclear 

rocket  engine  is  three  months  behind 
schedule.  He  also  said  that  sea  launch 
sites  are  not  needed  for  safe  launch  of 
nuclear  upper  stages. 

o  The  Nimbus  meteorological  satel- 
lite is  being  designed  for  a  six-month lifetime. 
•  Universities  should  be  paid  more 

than  the  current  15%  for  overhead 
costs  encountered  in  the  performance 
of  research  contracts. 

•  NASA  plans  a  follow-on  series 
of  Orbiting  Solar  Observatory  satellites. 
The  much  heavier  version  would  utilize 
the  Atlas-Agena  as  its  launch  vehicle. 
Its  entire  weight  would  always  be 
pointed  at  the  sun.  tt 
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We  put  the  earth  and  the  moon  in  this  box -and  backed  off  a  billion  miles 

This  is  an  earth-moon  simulator  developed  by  Northrop. 
As  its  name  implies,  it  shows  us  how  the  earth,  or  the 
earth-moon  system,  would  look  to  an  observer  in  space, 
from  80,000  miles  all  the  way  out  to  1  billion  miles.  It 
was  built  to  test  the  sensing  devices  which  space  vehicles 
use  to  track  the  earth,  so  they  can  guide  themselves 
and  point  their  communications  antennas  at  the  earth. 

The  earth-moon  simulator  is  not  only  an  important 
research  tool,  but  also  a  major  step  toward  quality  con- 

trol in  space  systems.  It  was  designed  and  built  by  the 
Nortronics  Division  of  Northrop.  It  will  be  used  by  Cal- 
tech's  Jet  Propulsion  Laboratory,  contractor  to  the  Na- 

tional Aeronautics  and  AllffeBft'^U  B9^%EH 
Space  Administration.  Nvlll  nlfUr 



Nuclear  Reactor  Tests 

(continued  from  page  17) 

would  not  completely  fill  the  duct. 
The  altitude  chamber  walls  will  also 

serve  as  a  neutron  shield,  being  filled 
with  borated  water  between  the  double- 
wall  shell  to  reduce  the  neutron  environ- 

ment. In  case  of  accident  it  will  also 
serve  as  a  containment  vessel  to  limit 
the  spread  of  contamination. 

The  chamber  will  also  prevent  any 
viewing  of  engine  operation,  due  to  the 
unavailability  of  any  viewing  method 
capable  of  withstanding  the  temperature 
and  radiation  environment. 

•  Control  systems — Since  the  possi- 
bility of  a  reactor  accident  at  low  power 

levels  is  a  threat,  and  uncertain  effects 
of  thermal  shock  on  some  core  materials 
could  cause  problems,  caution  has  been 
followed  as  to  the  speed  with  which  the 
Kiwi  series  reactors  have  been  brought 
to  full  power. 

The  startup  time  is  therefore  meas- 
ured in  minutes,  but  Los  Alamos  offi- 
cials point  out  there  is  still  little  time 

for  manual  adjustment  of  controls.  Au- 
tomatic control  systems  are  therefore 

used  for  critical  parameters  of  tests. 
For  the  upcoming  Kiwi-B  tests  using 

liquid  hydrogen  for  the  first  time,  LASL 
will  utilize  an  exit  gas  temperature  con- 

trol system.  In  contrast,  the  Kiwi-A- 
Prime  and  the  Kiwi-A3  tests  had  reactor 
power  and  propellant  flow  rate  meas- 

ured as  critical  parameters  independ- 
ently, and  the  exhaust  gas  temperature 

was  calculated  as  a  ratio  of  these  two. 
In  the  future  tests,  however,  pro- 

pellant flow  rate  and  exit  gas  tempera- 
ture are  specified  quantities,  with  reac- 

for  power  becoming  the  dependent 
parameter.  The  temperature  control 
system  senses  both  the  demanded  tem- 

perature and  the  measured  temperature 
from  a  thermocouple  placed  at  the  exit 
nozzle,  and  produces  an  error  signal 
based  on  these  quantities,  the  signal 
then  being  used  to  alter  reactor  power 
accordingly  to  provide  the  demanded 
temperature. 

The  Kiwi-B  series,  being  tested  at 
Test  cells  A  and  C,  is  using  control 
subsystems  having  vacuum-tube  opera- 

tional amplifiers.  These  were  selected 
due  to  their  availability,  large  output 
voltage  range  and  the  abuse  to  which 
they  can  be  subjected  before  amplifier 
failure  occurs. 

LASL  test  conductors  have  grouped 
the  control  system  operational  ampli- 

fiers together  on  one  chassis  for  each 
individual  control  subsystem,  and  then 
placed  the  chassis  in  control  room  racks 
as  required. 

In  nearly  all  the  control  subsystems, 
the  electrical  feedback  signal  is  gener- 

ated at  the  millivolt  level,  and  chopper 

amplifiers  are  used  to  raise  the  signal 
level  to  ten  volts.  Los  Alamos  points 
out  that  these  chopper  amplifiers — Off- 
ner  190  model — are  "in  every  sense" sample  data  systems,  with  a  frequency 
response  unlike  any  other  linear  element 
in  analog  systems. 

Additionally,  the  use  of  mechanical 
choppers  gives  the  units  quite  an  ap- 

preciable sampling  duration,  greatly 
improving  frequency  response. 

•  LH2  dewar  system  —  To  avoid 
cavitation  in  the  inlet  stage  of  the  liquid 
hydrogen  pump,  the  liquid  in  the  dewars 
must  be  sufficiently  sub-cooled  by  pres- 
surization  so  that  the  gas  pressure  minus 
the  vapor  pressure  of  the  liquid  stays 
above  a  selected  minimum  value. 

An  automatic  pressure  control  sys- 
tem for  the  dewars  was  installed  be- 

cause of  the  variety  of  conditions  vary- 
ing the  liquid  hydrogen  flow  rate  and 

the  dewar  liquid  level. 
Overshoot  characteristics  of  the  au- 

tomatic pressure  control  system  were 
taken  into  account,  since  the  dewar 
has  a  maximum  allowable  pressure  of 
120  psi. 

The  liquid  hydrogen  valve  in  the 
system  is  an  equal-percentage  type,  and 
was  selected  by  LASL  because  it  elimi- 

nated tank  farm  pressure  as  a  factor  in 
the  open-loop  gain.  The  diffused  pres- 

surizing gas  flow  rate  is,  however,  in- 
troduced as  a  factor;  this  is  not  con- 

sidered a  disadvantage,  because  the 
steady-state  gas  flow  rate  is  directly 
proportional  to  the  product  of  dewar 
pressure  and  liquid  hydrogen  flow  rate. 

If  the  liquid  hydrogen  flow  rate  in- 
creases or  the  dewar  pressure  drops  be- 

low a  preset  value,  the  gas  flow  rate 
increases  and  improves  the  system's response  time  when  this  may  be  most 
useful.  The  controller  is  designed  so 
that  complete  system  stability  is  achieved 
during  maximum  flow  rate  through  the 
valve. 

•  Reactor  power  control  —  Several 
changes  in  the  reactor  power  control 
system  have  taken  place  since  the  earlier 
Kiwi-A  tests,  although  much  similarity 
remains.  The  major  change  is  that  the 
Kiwi-B  series  will  use  12  rotating  con- 

trol rods  within  the  core,  instead  of  the 
rectilinear  rods  formerly  used. 

By  using  a  sine-squared  potentiom- 
eter in  the  position  feedback  loop, 

LASL  has  the  advantage  of  giving  sig- 
nal inputs  to  the  rod  package  directly 

in  reactivity  commands,  instead  of  rod 
position  commands,  as  was  previously 
the  case. 

Each  of  the  12  rods  is  velocity- 
limited  for  safety;  simulation  studies 
have  shown  that  this  should  not  occur 
for  any  situation  which  may  be  reason- 

ably encountered.  The  variable  con- 
trolled is  the  logarithm  of  reactor 

power  (log  Q). 

LASL's  Sidney  Singer  describes  the 
setup  as  follows:  The  neutronics  system 
used  to  provide  the  log  Q  feedback  sig- 

nals uses  specially  selected  semiconduc- 
tor diodes,  in  a  feedback  loop  around 

an  operational  amplifier  which  uses  a 
capacitor  chopper  in  place  of  the  usual mechanical  chopper. 

This  device  has  a  fairly  accurate 
log  characteristic,  and  its  stability  ap- 

pears to  be  markedly  better  than  any- 
thing else  obtainable.  The  log  Q  demand 

circuit  is  essentially  an  integrator  pro- 
tected by  an  electronic  clamp  consisting 

of  two  amplifiers  and  a  very  high  back- 
impedance  diode. 

The  voltage  input  signal  to  the  in- 
tegrator is  the  demanded  reactor  period. 

This  particular  log  Q  demand  circuit 
is  used  by  the  Chief  Test  Operator  in 
the  automatic  mode  of  operation. 

The  power  clamp  potentiometer  is 
set  at  the  maximum  power  desired  and 
the  period  demand  potentiometer  is  set 
to  obtain  the  desired  reactor  period. 
Should  the  demanded  log  Q  signal  ex- 

ceed the  value  set  by  the  power  clamp, 
the  error  signal  to  the  pair  of  opera- 

tional clamping  amplifiers  become  the 
proper  sign  to  make  the  diode  con- 

duct. The  integrator  output  is  therefore 
clamped  at  the  value  set  by  the  power 
clamp,  and  the  clamping  action  is  in- 

dependent of  the  setting  of  the  period 
demand  potentiometer. 

In  determining  how  to  compensate 
the  log  Q  system  so  as  to  meet  test 
objectives,  a  number  of  criteria  were 
considered.  Smooth  step  response  is 
quite  desirable.  A  30%  overshoot,  quite 
often  tolerable  in  other  systems,  might 
well  (unnecessarily)  scram  the  reactor 
at  a  most  inopportune  time. 

The  use  of  liquid  hydrogen  as  a 
propellant  also  poses  problems,  includ- 

ing the  possibility  of  getting  a  "slug" flow  of  liquid  hydrogen  in  the  reactor 
reflector.  It  is  therefore  impossible  to 
rule  out  the  possibility  that  blobs  of 
hydrogen  may  get  into  the  reactor  core 
itself,  where  the  reactivity  worth  of 
hydrogen  is  large. 

•  Temperature  control  —  Unfavor- 
able aspects  of  the  temperature  control 

system  in  Kiwi-A  reactors  has  led  LASL 
to  adopt  a  different  technique  in  the 
Kiwi-B  series.  This  method  uses  an 
exit  gas  temperature  measurement  put 
through  a  temperature  loop  controller 
which  compares  the  observed  and  de- 

manded temperatures  and  operates  on 
the  temperature  error  to  obtain  a  log  Q 
command  signal.  The  resulting  change 
in  reactor  power  also  changes  its  tem- 

perature— and  thus  the  gas  temperature 
at  the  exit  cone. 

The  gas  temperature  transducer  is 
a  thermocouple  placed  in  the  core  exit 
plenum.  Similar  thermocouples  have 
been  used  in  the  past  for  data-gathering 
purposes.  8 
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soviet  affairs 

by  Dr.  Albert  Parry 
Gravity  is  increasingly 

one  of  the  most  important  Space-Age  subjects  of  Soviet  research  and 
controversy.  "Gravitational  Waves — Do  They  Exist?"  is  the  title  of  a 
recent  extensive  symposium  in  the  Moscow  magazine  Znaniye — Sila 
(Knowledge  Is  a  Force).  Four  well-known  Soviet  physicist-theoreticians 
participated.  One  of  them,  Profesor  Dmitry  D.  Ivanenko,  an  out- 

standing atomic  scientist,  is  noted  for  his  work  on  the  quantum  theory 
of  gravitation.  In  this  symposium  he  declares  that,  in  the  study  of 
gravity,  mankind  is  "on  the  threshold  of  new  discoveries." 

After  reciting  the  Western  record 
of  research  on  gravity,  Dr.  Ivanenko  praises  recent  Russian  work  in 
this  field,  particularly  that  done  by  the  team  of  V.  B.  Braghinsky  and 
G.  I.  Rukman.  These  two  physicists  have  suggested  the  idea  of  locat- 

ing gravitational  waves  with  the  aid  of  complicated  and  costly  equip- 
ment consisting  of  tens  of  thousands  of  cylindrical  piezocrystals  made 

of  titanate  of  barium.  Describing  their  proposed  equipment  and 
method  in  some  detail,  Professor  Ivanenko  comments:  "It  is  a  difficult 
experiment,  of  course!  But  it  is  most  desirable  to  try  it  out.  Nowa- 

days solutions  of  great  problems  of  principle  have  often  to  be  wrested 
from  nature  at  the  price  of  enormous  efforts."  In  effect,  he  pleads  for 
governmental  funds  to  make  such  experiments  possible. 

What  practical  results 
may  there  be?  Will  weightlessness  be  reduced  or  even  eliminated? 
It  is  of  course  too  early  to  give  any  definite  answers  to  such  questions, 
the  attempt  to  discover  gravitational  waves  is  so  far  a  task  of  pure 
science  only,  Professor  Ivanenko  admits,  yet  he  adds  that  such  a 
discovery,  if  made,  "will  inevitably  lead  in  the  future  to  various  appli- 

cations in  technology  as  well."  He  writes:  "Mankind  will  perhaps 
(thus)  find  an  entirely  new  route  of  generating  gravitational  waves 
and  will  be  able  to  utilize  these  waves'  wonderful  capacities  in  all  their 
wide  scope,  including  their  remarkable  ability  to  penetrate  any  handi- 

caps wtihout  perceptible  changes."  Gravitational  waves  may  in  time 
be  exploited  by  man  for  his  communications  purposes,  the  Soviet  pro- 

fessor suggests. 

But  the  very  existence 

of  gravitational  waves  is  questioned  as  "problematic"  by  Professor 
M.  F.  Shirokov,  another  participant  in  the  symposium.  "Even  if  they 
are  finally  discovered,"  he  argues,  "it  is  hardly  possible  that  they  will 
have  a  technical  application."  The  middle-of-the-road  position  in  the 
symposium,  is  expressed  by  M.  E.  Gertsenshtein,  a  younger  physicist. 
He  says  that  he  is  convinced  of  the  existence  of  gravitational  waves 
in  nature,  but  that  "the  road  to  their  discovery,  reception,  and  genera- 

tion is  very  long."  He  criticizes  the  current  proposals  of  equipment 
to  locate  and  use  such  waves  as  "to  clumsy  and  expensive  to  be  put 
into  practice."  He  speculates  nevertheless  on  the  possibility  of  build- 

ing, in  time,  a  graviotelescope  with  unprecedented  strength.  But  he 
hastens  to  say:  "The  creation  of  such  a  telescope  is  an  extraordinarily 
far-off  thing."  Gertsenshtein  is  joined  by  Professor  A.  S.  Kompaneyets, 
who  also  does  not  doubt  "the  real  existence  of  gravitational  waves" 
but  feels  that  an  instrument  to  intercept  and  relay  them,  although 
possible  in  principle,  would  take  miles  of  space  to  construct,  "and 
perhaps  more."  He  sumarizes:  "It  is  premature  to  speak  about  a 
practical  application  of  gravitational  waves.  However,  should  dis- 

coveries be  made  that  would  cut  down  on  the  quantitative  requirements 
of  such  technology,  the  question  can  be  posed  quite  differently." 

If  not  a  reduction  of  weightlessness, 

then  new  communications  inventions  can  be  the  result.  "The  day  may 
come,"  the  editors  of  the  Soviet  symposium  say  in  closing,  "when  a 
graviotelescope,  griovatelephone,  and  graviotelevision  will  be  flesh  and 
blood  of  our  engineering  installations." 
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The  Industry  Week 

Labor  Trouble  Continues 

Senator  John  McClellan  (D-Ark.)  said  a  ban  on 
strikes  at  defense  bases  might  be  the  only  solution 
to  increasing  labor  trouble  at  missile  site.  "This 
condition  must  not  be  lightly  considered  or  con- 

doned. .  .  .  It  is  the  responsibility  of  Congress  to 
act,"  he  said,  and  suggested  that  the  President's Missile  Sites  Labor  Commission  was  unequal  to  the 
task.  Labor  Secretary  Arthur  Goldberg,  in  a  letter 
to  McClellan,  said  work  stoppages  had  taken  place 
because  some  workers  "acted  without  sanction  of 
their  union."  He  said  "prompt  and  serious  consid- 

eration" has  been  given  the  situation  by  the  Presi- 
dent's Commission.  Meanwhile,  a  three-day  work 

stoppage  at  12  Atlas  silo  sites  near  Walker  AFB 
ended  after  a  marathon  15-hour  meeting  between 
AF,  union,  Labor  Commission  and  the  contractor 
reached  an  accord.  The  dispute  was  between  175 
operating  engineers  and  Boeing  Catalytic,  the 
contractor. 

Bendix  Space  Share  Rises 

The  Bendix  Corp's  space  activities  with  NASA 
last  year  placed  the  company  fourth  in  number  of 
contract  awards  from  the  space  agency  and  13th  in 
dollar  value.  Company  President  Malcolm  P.  Fer- 

guson, speaking  in  New  York  last  week,  said  the 
division  of  the  company's  business  between  mili- 

tary/space and  commercial  segments  has  been 
roughly  a  70/30  split  in  favor  of  the  military  and 
space.  A  breakdown  of  military  sales  for  1961 
showed  39%  going  to  aviation,  and  26%  to  missile/ 
space  projects.  "In  the  last  three  years,"  said 
Ferguson,  "the  split  between  commercial  and  mili- 

tary has  not  varied  much,  although  the  recognized 
decline  in  aviation  has  been  more  than  made  up 

by  the  growth  of  our  missiles  and  space  business." 
The  company  is  currently  involved  with  the  first 
$5-million  chunk  of  a  $14-million  contract  for  de- 

sign and  development  of  the  mobile  ground  sta- 
tions for  NASA's  Syncom  satellite,  Bendix  also  is 

involved  in  development  of  the  inertial  guidance 
system  for  Saturn,  and  has  prime  responsibility 
for  shipboard,  ground  and  satellite  communications 
gear  for  the  Army's  Advent. 

Ferguson  said  Bendix  will  spend  some  $20  mil- 
lion this  year  for  new  plant  and  equipment  facili- 
ties, including  funds  for  completion  of  the  com- 

pany's space  lab  at  Ann  Arbor,  Mich. 

GE  Sets  Up  DPO  Offices 

General  Electric  established  six  regional  head- 
quarters for  its  new  Defense  Programs  Operation, 

and  named  four  regional  managers.  The  Operation 
will  have  divisional  status  and  will  consolidate  field 
aerospace  and  defense  research,  development,  and 
manufacturing  activities  employing  some  75,000 
people.  Regional  headquarters  will  be  in  Los 
Angeles,  Washington,  D.C.,  Boston,  Huntsville, 
Dayton,  Ohio,  and  an  as-yet-unnamed  Midwest  lo- 

cation. Regional  managers  are:  Neil  Burgess,  Los 
Angeles;  George  J.  McTigue,  Washington;  Walter 

F.  Greenwood,  Boston;  and  John  P.  Turner,  Day- 
ton. The  other  two  appointments  have  not  been 

made.  General  manager  of  the  Operation  is  Robert 
J.  Brown,  former  general  manager  of  GE's  Heavy 
Military  Electronics  Dept.  Syracuse,  N.Y. 

Corporate  Financial  Reports 

Martin  Marietta  Corp.  reported  sales  of  $1.2 
billion  in  1961,  compared,  to  $1.0  billion  the  year 
before.  Net  earnings  rose  to  $44-8  million  from 
$41-3  million.  Sales  in  the  Aerospace  divisions 
were  $830  7niIlion,  with  the  same  level  predicted  for 
1962.  .  .  .  General  Electric  Co.  sales  were  $4.5 
billion  last  year,  up  2%  from  1960.  Earnings  rose 
to  $242.1  million,  a  21%  rise  over  1960.  Sales  of 
the  defense  products  were  25%  of  the  total  figure. 
.  .  .  Texas  Instruments  sales  were  up  and  earnings 
down  last  year.  This  was  attributed  in  part  to 
"continued  level  of  defense  commitments  lower  than 
government  predictions  and  industry  expectations." .  .  .  CompuDyne  Corp.  sales  and  earnings  were  up 
for  1961.  Sales  were  $6.9  million,  earnings  $301,000 
for  the  year  compared  to  $5.6  million  sales  and 
$175,000  earnings  the  year  before.  .  .  .  Amphenol- 
Borg  Electronics  Corp.  earnings  were  down  to 
$623,000  last  year  from  $2,185,500  the  year  before. 

News  of  Mergers  and  Expansions 

Cuno  Engineering  Corp.,  an  AMF  subsidiary, 
organized  a  Tech-Space  Division  at  Meriden,  Conn., 
for  design  and  manufacture  of  fluid  filtration  equip- 

ment for  missiles,  aircraft,  GSE  and  military  and 
commercial  reactors.  .  .  .  Kearfott  Division  of  Gen- 

eral Precision,  Inc.  is  recruiting  top-level  aerospace 
scientists  to  man  its  new  70,000-sq.-ft.  research 
center,  scheduled  for  completion  this  fall  at  Little 
Falls,  N.J.  .  .  .  Humphrey,  Inc.,  an  aerospace  com- 

ponent supplier,  established  a  Wichita,  Kan.,  Divi- 
sion. .  .  .  Electronic  Communications,  Inc.  opened  a 

regional  office  in  Huntsville,  Ala.  .  .  .  General  Elec- 
trodynamics Corp.,  Garland,  Tex.,  began  operation 

of  its  Astron-Optics  Division.  The  division  will  work 
on  a  job-order  basis  for  custom  optical  component 
requirements. 

Changes  in  the  Front  Office 

Dr.  Marvin  Stern  will  become  corporate  vice 
president-research  and  engineering  for  North  Amer- 

ican Aviation,  Inc.  Stern  has  been  deputy  director 
of  defense  research  and  engineering  for  weapons 
systems  in  the  Pentagon.  He  has  been  in  DOD  re- 

search and  engineering  activities  since  August, 

1960.  It  is  reported  that  DOD  will  divide  Stern's responsibilities  into  two  new  posts,  probably  to  be 
designated  director  of  tactical  warfare  programs  and 
director  of  strategic  and  defensive  systems.  .  .  E.  E. 
Nelson  has  been  chosen  Manager  of  Aerojet  Gen- 

eral's Space  Booster  Plant,  to  be  built  on  a  75,000- 
acre  site  south  of  Miami.  Nelson  is  the  former  as- 

sistant to  Aerojet  President  Dan  Kimball. 
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What  capabilities?  From  which  subsidiary  of 
RCA? 
From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications  . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  -  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Moit  Trusted  Name  in  Commoni cation* 

AIR  FORCE 
$10.835.379 — General  Dynamics/Pomona, Calif.,  for  technical  data  and  manuals  for 

F  series  Atlas  missiles  and  for  equipment, 
spare  parts  and  special  tools  for  Installa- tion and  checkout  of  Atlas  missiles. 

$7.305,000 — Burroughs  Corp.,  Paoll.  Pa.,  for 
production  of  equipment  for  the  NORAD 
Combat  Operations  Center  (supplemental contract). 

$5,750,000— Martin  Marietta  Corp.,  Denver,  for activation  of  Titan  sites  at  Ellsworth, 
Mountain  Home,  Larson  and  Beale  Air 
Force  bases  (supplemental  contract). 

$5.144,000 — Lockheed  Missiles  and  Space  Co., 
Sunnyvale,  Calif.,  for  long-lead-time  items 
to  support  Agena  space  vehicles  (supple- mental contract) . 

$4,200,000  —  Aerojet-General  Corp.,  Sacra- 
mento. Calif.,  for  applied  research  for  fur- 

ther development  of  a  thrust  vector  con- 
trol system  (supplemental  contract). 

$4.090.679 — General  Electric  Co.,  Philadelphia, 
for  work  on  project  Advent  and  for  de- 

signing and  producing  lnter-complex  com- munications systems  for  Titan  11  missiles, 
work  to  be  performed  in  Philadelphia  and 
Lynchburg,  Va. 

$3,500,000— General  Electric  Co.,  Philadelphia, 
for  work  on  space  vehicles  for  a  classified mission. 

$2.600.000 — Radio  Corp.  of  America,  Moores- 
town,  N.J.,  for  work  on  the  BMEWS  sys- 
tem. 

$2,500,000  —  General  Dynamics/Astronautics, 
San  Diego,  Calif.,  for  global  tracking  net- work. 

$2,500.000— General  Electric  Co.,  Syracuse, 
N.Y.,  for  fabrication  and  installation  of 
radomes  at  Cottonwood,  Idaho,  and  Mount 
Hebo,  Ore. 

$2,210,013 — North  American  Aviation,  Inc., 
Canoga  Park.  Calif.,  for  production  of  and 
provision  of  support  services  for  Atlas 
missile  propulsion  systems  (supplemental contract) . 

$2,000.000 — Lockheed  Propulsion  Co.,  Red- 
lands.  Calif.,  for  building  and  conducting 
feasibility  tests  on  a  solid-propellent 
rocket  motor  120-ln.  In  diameter  and  con- 

struction of  segments  to  form  complete 
booster. 

$1.800,000 — Massachusetts  Institute  of  Tech- 
nology, Cambridge,  Mass..  for  research  on 

re-entry  physics,  acquisition  of  special 
equipment  and  research  on  range  meas- urements (supplemental  contract). 

$1,600,000 — Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  for  development  of  a  missile  fire 
control  system   (supplemental  contract) . 

$1,347,000 — General  Motors  Corp.,  AC  Spark 
Plug  Division,  Flint,  Mich.,  for  modifica- tion kits,  installation  of  modification  kits, 
supporting  spare  parts,  MIP's,  ECP's,  en- 

gineering, prototyping.  TCT's  and  engi- neering data  in  support  of  Thor  and 
Titan  guidance  subsystems. 

$1,316,502 — General  Dynamics  Corp.,  San 
Diego,  for  provision  of  support  equipment 
and  spares  for  Atlas  missiles. 

$1,000,000 — Hercules  Powder  Co.,  Wilmington. 
Del.,  for  production  of  Stage  III  Minute- 
man  engines  (supplemental  contract) . 

$815.230 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  for  maintenance  on  the 
Thor  missile  weapon  system. 

$312,829 — Defense  Electronics,  Inc.,  Rockville, 
Md.,  for  special  purpose  telemetry  receiv- 

ing, storage,  data  formating  and  transmit- 
ting system. 

$200,000 — Burroughs  Corp.,  Radnor,  Pa.,  for technical  data. 
$95.000 — Lockheed -California  Co.,  Burbank, 

Calif.,  for  a  study  of  non-winged  re-entry 
configuration  shapes  at  speeds  up  to  15,- 000  mph. 

ARMY 
$10,204,894— Ford  Motor  Co.,  Aeronutronic 

Div.,  Newport  Beach,  Calif.,  for  continued 
development  of  the  Shillelagh  missile 
(definitization  of  letter  contract  plus  ad- ditional new  funds). 

$3,948.309 — Greenhut  Construction  Co.,  Inc., 
Pensacola.  Fla.,  for  construction  of  re- 

search and  development  center  facility  at 
Redstone  Arsenal,  Ala. 

$5,171,535— Raytheon  Co.,  Lexington,  Mass., 
for  Hawk  missile  ground  support  equip- 

ment, including  radar  set  (2  contracts). 
$1,587.151 — Radio  Corp.  of  America.  Camden, 

N.J.,  for  equipment  to  be  used  in  testing 
missile  system  components. 

$233,801— Western  Electric  Co.,  New  York 
City,  for  preparation  and  presentation  of 
a  training  course  including  materials,  for 
anti-jam  display  modifications  to  the 
Nike-Hercules  acquisition  radar,  procure- 

ment of  replenishment  spares  for  the  mis- sile (3  contracts) . 
$162,057— AAA  Electrical  Contractors  and 

Engineers,  Inc.,  Atlanta,  for  construction 
of  unit  substation  and  distribution  lines 
at  Redstone  Arsenal,  Ala. 

$55.998 — Pesco  Products  Div.,  Borg-Warner 
Corp.,  Bedford,  Ohio,  for  cooling  units for  Hawk  missile. 

NAVY 

$27,000,000 — General  Dynamics/Pomona.  Calif  ., 
for  Terrier  and/or  Tartar  missiles  com- 
ponents. $8,090,450 — Martin  Marietta  Corp.,  Orlando, 
Fla.,  for  Bullpup  missiles  for  the  Air  Force. 

$8.000.000 — Thiokol  Chemical  Corp.,  Reaction 
Motors  Div.,  Bristol,  Pa.,  for  Bullpup  A 
rocket  engines. 

$1,658,281 — Chance  Vought  Corp.,  Div.,  Ling- 
Temco-Vought,  Inc..  Dallas,  for  materials 
and  services  to  convert  Regulus  11  tactical 
missiles  to  KD2U-1  target  drones. 

$1.358,905 — Vitro  Laboratories  Div.,  Vitro 
Corp.  of  America,  Silver  Spring,  Md.,  for 
engineering  services  for  coordination  of 
surfaced-launched  guided  missiles. 

$750,000 — Wpstinghouse  Electric  Corp.,  Wash- 
ington, D.C..  for  receiving  and  data  proc- essing equipment,  navigation  set,  radio, for  Transit  satellite. 

$437,947 — Corps  Construction,  Ltd.,  Kailua- Kona,  Hawaii,  for  Pacific  Missile  Range 
facilities,  Hawaiian  tracking  station. 

$286,260 — Curtiss-Wright  Corp.,  Wright  Aero- 
nautical Div.,  Wood  Ridge,  N.J.,  for  co- 

ordination of  Polaris  A-3  first-stage  ro- 
tating nozzle  installation  derails  with  re- spect to  both  the  flight  vehicle  and  the 

ground  test  motor  and  design  of  an  A-3 
first-stage  full-scaled  lithium-cooled  ro- 

tating nozzle  system. 
$184,099 — Fairchild  Camera  and  Instrument 

Corp.,  Department  of  Defense  Products 
Div.,  Clifton,  N.J.,  for  research  and  devel- 

opment of  near  infra-red  sensitive  electro- visual  guidance  system. 
$71,000 — Defense  Electronics  Div.,  General 

Electric  Co.,  Utica.  NY.,  for  field  engineer- ing services  for  installation,  repair,  modi- 
fication and  servicing  of  Sidewinder  mis- 

siles (2  contracts). 
$52,638 — Washington  Technological  Associ- 

ates, Rockville,  Md.,  for  design  and  fabri- cation of  equipment  stands,  guidance 
capsule  stands,  re-entry  body  stand,  first- 
stage  motor  dolly  stand,  second-stage  mo- tor dolly  stand  and  guidance  capsule 
monorail  handling  system. 

NASA 
$3.000,000 — Military  Electronics  Div.,  Motor- ola, Inc.,  Scottsdale,  Ariz.,  for  research 

and  development  for  the  Goddard  Range 
and  range  rate  tracking  system. 
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New  Product  of  the  Week: 

Plug-in  Sweep  Oscillator 
TELONIC  INDUSTRIES,  Inc.,  has 

announced  a  new  plug-in  sweep  oscilla- 
tor covering  a  frequency  range  from  20 

cycles  to  20  KC.  Designated  model  LA- 
1M  it  will  cover  a  center  frequency 
from  20  to  20,000  cps  and  sweep  widths 
of  50  to  20,000  cps,  furnishing  15  volts 
p-to-p  into  50  ohms. 

Sweep  rate  may  be  adjusted  for 
Circle  No.  225  on  S 

optimum  frequency  change  versus  time 
ratio  for  scope  or  recorder  presentation. 
Retrace  may  be  adjusted  from  50%  to 
5%  of  the  sweep  period  to  economize 
testing  time. 

A  market  system,  built  into  the  plug- 
in  unit  includes  provisions  for  eight 
crystal-controlled  pulse  type  markers, 
and  an  input  for  an  external  marker. 

ubscriber  Service  Card 

High-Density  Delay  Line 
Columbia  Technical  Corp.,  has 

available  a  series  of  high-density,  high 
delay-to-rise  time  ratio  delay  lines.  CTC- 
1284,  a  typical  Q-Line  model,  contains 
three  separate  delay  networks  in  a  44- 
in.3  package.  The  total  combined  de- 

lay/rise time  ratio  is  120/1,  including 
one  line  with  a  80/ 1  ratio.  Bandwidth 

of  this  delay  line  is  5Mc.  Temperature 
coefficient  is  50  PPM/°C.  Attenuation 
is  0.1  db/usec.  It  has  a  distortion  of 
3%.  The  unit  is  hermetically  sealed 
and  meets  military  requirements. 

Circle  No.  226  on  Subscriber  Service  Card 

Magnetic  Material 
A  ductile  permanent  magnetic  mate- 

rial, called  Vicalloy,  capable  of  being 
rolled  to  thickness  of  less  than  one-half 
of  one-thousandth  of  an  inch,  is  avail- 

able from  Westinghouse  Electric  Corp. 
Composed  of  52%  cobalt,  10%  vana- 

dium and  38%  iron,  it  can  be  fabricated 
into  tape,  wire,  bar  and  sheet  stock  and 
can  be  punched,  drilled,  tapped,  bent, 
drawn,  coiled  and  machined  without 
cracking  or  tearing. 

Vicalloy  can  be  used  in  the  manu- 
facture of  electromechanical  devices, 

such  as  computers  or  recorders,  and  is 
especially  suited  for  the  manufacture 
of  permanent  memory  devices  for  high- 

speed digital  computers.  The  alloy  can 
be  used  in  any  ambient  up  to  600°F without  causing  variations  in  magnetic 
characteristics. 

Circle  No.  227  on  Subscriber  Service  Card 

Digital  Circuit  Modules 
Control  Logic,  Inc.  is  marketing 

compatible,  ultra-high-reliability  welded 
digital  transistor  circuit  modules  which 
operate  from  d-c  to  10  megacycles.  They 
are  available  in  high-density  ejection- 
molded  modules,  with  up  to  two  circuits 
per  module,  as  well  as  a  card  series  with 
up  to  four  modules  mounted  on  glass 

epoxy  cards. Circle  No.  228  on  Subscriber  Service  Card 

All-Solid-State  Quadrature 

An  all-solid-state,  self-calibrating 
quadrature  standard  which  provides  a 
90°  phase  shift  accurate  to  0.01°  is available  from  Gertsch  Products,  Inc. 
The  unit  is  equipped  with  two  integrat- 

ing amplifiers  which  accomplish  the 
precision,  self-calibrating  feature.  Each 

integrator  has  independent  phase  and 
gain  controls,  and  necessary  circuitry  to 
accomplish  required  adjustments  when 
the  instrument  is  combined  with  the 
Gertsch  NI-4  phase-sensitive  null  indi- 

cator, or  other  suitable  detector. 
Circle  No.  229  on  Subscriber  Service  Card 

Elapsed  Time  Meter 
A  miniature  elapsed  time  meter  has 

been  introduced  by  Burtis  Instruments, 
Inc.  for  115V  a.  c.  use.  The  Indachron, 
with  an  integral  rectifying  and  regulat- 

ing circuitry,  is  installed  directly  across 
the  line  voltage.  It  is  expected  to  find 
broad  use  in  applications  such  as  pre- 

ventative maintenance  scheduling,  parts 
renewal  scheduling,  warranty  valida- 

tion, and  reliability  testing. 
Circle  No.  230  on  Subscriber  Service  Card 

Counter-Timer 

An  electronic  frequency  counter- 
timer,  offering  a  unique  combination  of 
advantages,  is  now  available  from  the 
Ransom  Research  Div.  of  Wyle  Lab- 

oratories. Specifications  include:  250 
kc  count  rate;  5-digit,  in-line  projection 
display  readout;  0.25v  rms  sine  or 
square-wave  input  sensitivity;  crystal  os- 

cillator time  base;  100  kc  clock  output; 

external  clock  input;  "Ready"  output; 
missiles  and  rockets,  March  19,  1962 
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Miniature 

connectors 

new  literature 

. . .  Less 
than  3 
mv  at  5 
amps,  is 
the  aver- 

age volt- age drop 
across  the 

snap-in  contacts 
of  CEC's  500C 

miniature  electrical 
connectors.  This  low  contact 

resistance  makes  these  rectangular 
connectors  ideal  for  dry  circuit  appli- 

cations. Designed  to  exceed  MIL-C- 
8384A  requirements,  they  are  avail- 

able in  a  range  of  14  to  200  contacts 
—  with  mounting  hardware  for  flush 
or  surface  installation,  right-angle  or 
straight  cable  entrance  and  guide  pin 
or  jackscrew  mating.  ■  For  more  data, 
call  your  nearby  CEC  office  or  write 
for  Bulletin  CEC4010-X1. 

0 

0 

0.1,  1,  and  10  second  frequency  time 
gates;  1,  10,  and  100  cycle  period  sam- 

ple times.  Special  configuration  can 
easily  be  provided. 

Circle  No.  231  on  Subscriber  Service  Cord 

Environmental  Chamber 

A  12-cu.-ft.  environmental  chamber 
is  available  from  Enviraton  Co.  It  is 

designed  to  reproduce  extreme  environ- 
ments of  altitude,  temperature  and  hu- 
midity simultaneously,  simulating  alti- 

tudes from  sea  level  to  100,000  ft.  tem- 
peratures from  — 300°F  to  400°F,  and relative  humidity  from  10%  to  95% 

over  a  broad  temperature  range.  The 
chamber  can  be  used  to  evaluate  the 
performance  of  equipment  subjected  to 
any  combination  of  these  environmen- tal conditions.  Air  within  the  chamber 
is  recirculated  through  a  heat  exchanger 
where  it  is  heated,  cooled,  or  humidi- 

fied. Programming  equipment  can  also 
be  included. 

Circle  No.  232  on  Subscriber  Service  Cord 

Time  Delay  Relay 

George  Harmon  Co.,  Inc.,  has  avail- 
able a  lightweight,  solid-state,  hermet- 
ically sealed  time  delay  relay.  The  relay 

actuates  electronic  circuitry  or  electri- 
cal devices  at  a  predetermined  interval 

after  application  of  voltage.  Uses  in- 
clude the  starting  of  a  bank  of  motors 

without  overload,  drone  parachute  ejec- 
tion, and  warming  up  banks  of  elec- 

tronic tubes  without  causing  cathode 
damage. 

Circle  No.  233  on  Subscriber  Service  Card 

CEC 
Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA.  CALIFORNIA 

A  SUBSIDIARY  OF  BELL  &  HOWELL 

TRANSISTOR  BROCHURE— A  four- 
page  specification  sheet  describing  low- 
noise  PNP  silicon-alloy  transistors  has 
been  issued  by  Sperry  Semiconductor, 
division  of  Sperry  Rand  Corp.  It  in- 

cludes schematics,  performance  curves, 
characteristics  charts  and  drawings. 
These  transistors  are  offered  in  both  the 
TO-5  and  TO- 18  case  and  are  designed 
for  use  in  low-level  pre-amplifier  stages 
where  minimum  transistor  noise  is  re- 

quired. 
Circle  No.  200  on  Subscriber  Service  Cord 

INSULATING  MATERIALS— The 
first  complete  catalog  of  Scotch  and 
Irvington  brand  splicing  and  insulating 
materials  used  in  communications  and 

signal  systems  is  available  from  Min- 
nesota Mining  and  Manufacturing  Co. 

The  16-page  catalog  describes  more  than 
30  items — including  tapes,  resins,  splic- 

ing kits,  self-stripping  wire  connectors, 
splice  sleeves  and  cable  blocking  ma- 

terials. Technical  data,  application  pho- 
tos and  "how-to-order"  information  are 

listed  for  all  products. 
Circle  No.  201  on  Subscriber  Service  Card 

POWER  SUPPLY  MODULES— Cus- 
tom/Power, a  division  of  Trio  Labora- 

tories, Inc.,  has  published  a  new  eight- 
page,  two-color,  illustrated  catalog  de- 

scribing its  new  line  of  Custom/ Power 
prefabricated  regulated  power-supply 
modules. 

Circle  No.  202  on  Subscriber  Service  Card 

MONITORING  EQUIPMENT— A 
folder  from  CompuDyne  describes  Aler- 
tra  Model  901  remote  monitoring  equip- 

ment. Designed  for  continuous  remote 
monitoring  of  limits,  using  a  single  chan- 

nel of  any  communications  medium, 
the  system  transmits  bits  of  binary  data. 
Solid-state  circuitry  used  throughout  is 
based  on  economical  plug-in  modules. 

Circle  No.  203  on  Subscriber  Service  Card 

TRANSFORMER  SIMULATOR— 
Electronic  Research  Associates,  Inc., 
has  published  a  technical  bulletin  pro- 

viding descriptive  information  on  Model 
TS460  transformer  simulator.  This  in- 

strument provides  the  equivalent  of  a 
multi-winding  transformer  with  up  to 
4  independent  removable  center-tap 
secondaries  which  offers  the  engineer 
the  convenience  and  flexibility  of  sim- 

ulating all  types  of  transformers  on  the 
laboratory  bench.  The  bulletin  provides 
full  descriptive  information,  operating 
data,  detailed  specifications  and  appli- 
cations. 

Circle  No.  204  on  Subscriber  Service  Card 
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names  in  the  news 

HERTHER LING BROWN BORDERS BEARD 

Eight  scientists  have  been  named  as 
laboratory  directors  to  head  the  stream- 

lined laboratory  setup  at  Army  Missile 
Command,  Redstone  Arsenal,  Ala.:  Del- 
man  E.  Rowe,  electromagnetics;  Holm  Hin- 
richs.  structures  and  mechanics;  Frank  W. 
James,  propulsion;  W.  C.  Watson,  launch 
and  ancillary  equipment;  Jess  B.  Huff, 
guidance  and  control;  William  P.  Lloyd, 
test  and  evaluation;  John  P.  Hallowes,  Jr., 
research;  and  Robert  E.  Lavender,  ad- 

vanced systems.  The  Army  Rocket  and 
Guided  Missile  Agency  and  the  Army 
Ballistic  Missile  Agency  were  recently  ab- 

sorbed into  the  Army  Ordnance  Missile 
Command  as  part  of  its  reorganization. 
Each  agency  prevously  had  operated  five 
R&D  labs.  The  new  eight-lab  organization 
was  created  from  the  10  labs  of  the  agencies. 

John  C.  Herther:  Senior  Staff  Engineer 
at  Itek  Laboratories,  Lexington,  Mass.,  has 
been  named  president  of  the  New  England 
Section  of  the  American  Rocket  Society. 

Robert  F.  Flood:  After  having  served 
in  various  capacities  in  Linde  Co.,  division 
of  Union  Carbide  Corp.,  New  York  City, 
has  been  promoted  to  executive  vice 
president. 

Edmund  Q.  Sylvester:  President  of  the 
American  Ship  Building  Co.,  made  a  di- 

rector of  the  National  Screw  &  Manufac- 
turing Co.,  Cleveland. 

James  J.  Ling:  Will  fill  the  new  posi- 
tion of  vice  chairman  of  the  board  of 

Ling-Temco-Vought,  Inc.,  Dallas. 

Arthur  E.  Raymond:  Widely-known  as- 
tronautics engineer,  designer  and  manager, 

has  been  appointed  special  consultant  to 
the  Administrator  of  the  National  Aero- 

nautics and  Space  Administration. 

Don  H.  Peaker:  Made  chairman  of  the 
board  of  directors  of  U.S.  Beryllium  Corp., 
Peublo,  Colo.  At  the  same  time,  former 
vice  president  Willard  D.  Egolf  was  named 
as  the  new  president.  He  will  continue  to 
serve  as  secretary  and  general  counsel. 

Harry  L.  Brown:  Joins  Guidance  Tech- 
nology, Inc.,  Santa  Monica,  Calif.,  as  vice 

president-engineering. 

L.  J.  Bonis:  Will  succeed  Neil  E.  Rogen 
as  president  of  Ilikon  Corp.,  Natick.  Mass. 

J.  Hunter  Reinburg:  New  manager  of 
the  Washington,  D.C.,  office  of  Gulton 
Industries,  Inc. 

George  H.  Brims.  Jr.  and  William  F. 
Gunning:  Appointed  to  the  board  of  direc- 

tors of  Astrodata,  Inc.,  Anaheim,  Calif. 

Dr.  C.  W.  Walton:  Named  vice  presi- 
dent for  research  and  development  of  Min- 

nesota Mining  &  Manufacturing  Co.,  St. 
Paul,  while  J.  W.  Selden  was  made  division 
vice  president  of  the  new  products  com- 

mercial development. 

Robert  H.  Borders:  Becomes  affiliated 
with  Schaevitz  Engineering.  Pennsauken, 
N.J.,  as  executive  vice  president  and  a 
member  of  the  board  of  directors. 

Edward  J.  Jason:  Formerly  associated 
with  the  Guided  Missile  Range  Division 
of  Pan  American  World  Airways,  joins 
National  Engineering  Incorporated.  Brock- 

ton, Mass.,  as  president. 

Dr.  William  A.  Robba:  Relinquishes 
position  with  the  Atomic  Energy  Commis- 

sion to  serve  as  vice  president  and  director 
of  research  and  development  for  Space 
Age  Materials  Corp.,  Woodside,  N.Y. 

Charles  E.  Beard:  Promoted  to  Man- 
ager for  the  General  Electric  Company's Heavy  Military  Electronics  Department, 

Syracuse,  N.Y. 

Charles  C.  Camillo:  Appointed  to  the 
post  of  vice  president,  engineering,  of  FXR, 
the  r-f  products  and  microwave  division 
of  Amphenol-Borg  Electronics  Corp.,  FXR 
is  located  in  Danbury,  Conn. 

Eugene  J.  Moscaret:  Will  fill  the  newly 
created  position  of  director  of  marketing 
for  the  Transducer  Division,  Consolidated 
Electrodynamics  Corp.,  Monrovia,  Calif. 

Dr.  Gertrude  Blanch:  Research  mathe- 
matician on  the  staff  of  the  Air  Force's 

Aeronautical  Research  Laboratory,  Wright- 
Patterson  AFB,  Ohio,  has  become  the  first 
woman  to  be  appointed  a  Senior  Scientist 

in  the  Department  of  Defense.  The  posi- 
tion is  one  authorized  by  Public  Law  313 

for  exceptionally  well-qualified  scientific 
and  professional  Government  employees. 

Richard  W.  Hanford:  Joins  White  Elec- 
tromagnetics, Inc.,  Bethesda,  Md.,  as  vice 

president  and  technical  director. 

William  T.  Summerlin:  Formerly  man- 
ager of  the  engineering  reliability  and 

components  department  of  Philco,  has 
been  named  manager  of  engineering  reli- 

ability for  McDonnell  Aircraft  of  St. 
Louis.  Also,  Grant  D.  Christensen  was 
made  manager  of  engineering  services  at 
the  same  time. 

Dr.  William  A.  LaLande,  Jr.:  Will  fill 
the  vacancy  created  by  the  resignation  of 
Philip  T.  Sharpies  on  the  board  of  direc- 

tors of  the  Pennsalt  Chemical  Corp., 
Philadelphia. 

C.  David  Auman:  Will  act  as  director 
of  the  new  Special  Projects  Group  of  Spe- 

cial Devices,  Inc.,  Newhall,  Calif. 

Rolland  F.  Ackermann  and  Dr.  Arnold 
H.  Scott:  Physicists  at  the  National  Bu- 

reau of  Standards,  have  been  awarded 
Silver  Medals  for  Meritorious  Service  by 
the  U.S.  Department  of  Commerce;  Dr. 
Scott  for  his  many  years  of  service  to  the 
standards  mission  of  the  Bureau  in  the 
field  of  precision  measurements  of  the 
dielectric  properties  of  matter,  and  Acker- 

mann for  extremely  competent  and  cre- 
ative performance  of  duties  in  connection 

with  the  development  of  high-precision 
techniques  and  equipment  used  for  calibra- 

tion of  line  standards  of  unusual  length. 

John  C.  Schuessler:  Named  chief  engi- 
neer of  the  Connector  Division  of  Micro- 

dot Inc.,  South  Pasadena,  Calif. 

C.  Lincoln  Jewett:  Joins  Consolidated 
Vacuum  Corp. /CEC /Bell  &  Howell  Roch- 

ester, N.Y.,  as  vice  president-marketing. 

Donald  E.  Stocking:  To  fill  the  newly 
created  position  of  director  of  marketing 
for  the  Data  Recorders  Division.  Consoli- 

dated Electrodynamics  Corp.,  Pasadena, 
Calif. 
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About  fifty-billion  dollars  will  be  spent  in  the  next  decade  to  develop 
the  moon  program — 80%  with  industry. 

NOVEMBER  27,  1961  —  MISSILES  AND  ROCKETS  published  its  NASA 
Issue,  an  in-depth  study  of  the  National  Aeronautics  and  Space 
Administration's  programs,  projects,  facilities,  personnel,  and  con- 

tracting procedures — emphasis  centered  on  NASA's  future  material 
and  contract  requirements.  JANUARY  5,  1962  —  Over  1,000  single 
copies  ordered  by  companies  and  individuals.  JANUARY  11 ,  1962 
—  NASA  purchased  60,000  reprints  of  the  editorial  section  of  the NASA  issue. 

NOW—  MISSILES  AND  ROCKETS,  for  the  first  time,  offers  companies 
interested  in  doing  business  with  NASA  the  opportunity  to  buy 
reprints  of  the  editorial  section  of  the  NASA  Issue — 1961's  most 
important  and  informative  missile/space  publication. 
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editorial . . . 

The  Goddard  Memorial  Trophy 

I  T  IS  ALWAYS  a  pleasure  to  sing  about  an  unsung 
I  hero.  Robert  R.  Gilruth,  Project  Mercury  direc- 

tor and  winner  of  this  year's  Goddard  Trophy,  fills 
many  of  the  requirements  for  that  figure  so  dear  to 
the  hearts  of  editorial  writers. 

While  Astronaut  John  Glenn  was  swinging 
around  the  earth  in  Friendship  7  under  a  full  blaze 
of  publicity,  Robert  Gilruth  had  his  feet  planted 
firmly  on  the  ground  in  Mercury  Control.  While 
Glenn  was  greeted  with  wild  acclaim  on  his  rides 
down  Pennsylvania  Avenue  and  through  the  canyons 
of  New  York  City  and  while  he  appeared  before  the 
Joint  Meeting  of  Congress,  Mr.  Gilruth  remained  in 
the  background. 

But  for  Robert  Gilruth,  the  resemblance  to  an 
unsung  hero  ends  right  about  there. 

When  President  Kennedy  pinned  the  Distin- 
guished Service  Medal  of  the  National  Aeronautics 

and  Space  Administration  on  Col.  Glenn  at  Cape 
Canaveral,  he  also  pinned  the  same  medal  on  the 
lapel  of  the  Project  Mercury  director. 

President  Kennedy  cited  Mr.  Gilruth  for  his  "dis- 
tinguished leadership  of  the  team  of  scientists  and 

engineers  that  carried  Project  Mercury  .  .  .  from  its 
inception  to  the  successful  accomplishment  of 
manned  flight  in  orbit." 

The  Goddard  Trophy  Committee  has  cited  Mr. 
Gilruth  for  his  "personal  dedication  in  leading  the 
Project  Mercury  team."  The  Mercury  director,  like 
Col.  Glenn,  has  been  quick  to  emphasize  that  the 
honors  he  is  receiving  are  due  in  fact  to  the  entire 
Mercury  team. 

The  Distinguished  Service  Medal  and  the  God- 
dard Trophy,  however,  are  far  from  the  first  awards 

won  by  Mr.  Gilruth. 
In  1950,  for  his  efforts  in  establishing  what  now 

is  NASA's  Wallops  Island  station,  Mr.  Gilruth  re- 
ceived the  Sylvanus  Albert  Reed  Award  of  the  Insti- 

tute of  Aeronautical  Sciences. 
In  1951,  the  same  achievement  brought  him  the 

Federal  government's  Superior  Accomplishment Award. 
In  1954,  Mr.  Gilruth  received  the  University  of 

Minnesota  Outstanding  Achievement  Award,  estab- 
lished by  his  alma  mater  for  former  students  "who 

have  attained  high  eminence  and  distinction." 
So  the  distinguished  work  of  Mr.  Gilruth  in  aero- 

nautics and  astronautics  was  bringing  him  awards 
when  Mercury  still  was  only  the  name  of  a  winged 
messenger. 

We  like  Mr.  Gilruth's  sharing  of  the  acclaim  with 
the  Mercury  team.  But  the  Goddard  Trophy  is  going 
to  Robert  Gilruth  for  his  personal  leadership.  It  is 
not  an  award  to  the  Mercury  team.  We  are  sure 
that  is  just  the  way  the  Mercury  team  would  want  it. 

There  can  be  little  doubt  that  the  personal  efforts 
of  the  Project  Mercury  director  contributed  in  large 
measure  to  the  success  of  a  program  about  which 
there  were  some  serious  doubts  in  the  past.  Success, 
in  such  cases,  tastes  even  sweeter. 

Mr.  Gilruth's  achievement  has  won  him  another 
award  of  which  he  can  perhaps  be  even  prouder — 
the  task  of  leading  the  development  of  the  Apollo 
spacecraft  which  will  make  the  first  manned  U.S. 
flight  to  the  moon.  The  nation  can  be  confident  its 
most  important  space  program  is  in  the  hands  of  an 
exceedingly  capable  individual.  Mr.  Gilruth  is  a 
worthy  recipient  of  the  Goddard  Trophy. 

WE  WOULD  LIKE  to  make  a  few  comments 
about  the  awarding  of  this  year's  Goddard 

Trophy.  The  Goddard  Memorial  Trophy  was  estab- 
lished five  years  ago  by  this  magazine.  For  the  first 

four  years,  the  members  of  the  Missiles  and 
Rockets  editorial  staff  elected  the  trophy  winner. 
This  year,  for  the  first  time,  a  committee  of  distin- 

guished members  of  the  missile/space  field  was  asked 
to  make  the  nominations  and  to  select  the  winner. 
The  committee  includes  outstanding  representatives 
from  the  three  military  services,  the  government  and industry. 

This  was  done  because  the  editors  of  the  maga- 
zine and  the  officials  of  the  National  Rocket  Club, 

under  whose  auspices  the  trophy  is  awarded,  felt  it 
would  serve  to  give  what  had  become  a  major  trophy 
even  broader  significance. 

There  is  a  further,  and  most  significant,  develop- 
ment in  regard  to  the  trophy  which  we  feel  will  be 

of  interest.  From  its  inception,  the  trophy  itself  has 
been  donated  by  Missiles  and  Rockets.  That  was 
to  have  been  the  case  again  this  year. 

But  a  few  weeks  ago  Mrs.  Robert  H.  Goddard 
asked  us  if  she  could  take  over  annual  donation  of 
the  trophy  as  a  way  of  expressing  appreciation  for 
the  honors  bestowed  upon  her  by  the  government 
and  industry  in  the  name  of  her  late  husband.  We 
have,  with  great  pleasure  and  a  feeling  of  honor,  ac- 

ceded to  Mrs.  Goddard's  request. Missiles  and  Rockets  will  continue  to  supervise 
selection  of  the  trophy  winner  under  the  auspices  of 
the  National  Rocket  Club. 

We  feel  that  under  the  new  arrangements  the 
Goddard  Memorial  Trophy  will  take  its  rightful  place 

as  the  nation's  highest  award  in  the  field  of  astro- 
nautics. We  are  happy  and  proud  to  have  played  a 

role  in  this. 
And  again  we  want  to  congratulate  Mr.  Gilruth 

on  his  selection  as  this  industry's  Man  of  the  Year. 
William  J.  Coughlin 
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PROGRESS  IS  A  HABIT 

Thiokol  has  broken  the  size  barrier  on  solids.  From  Falcon  to 

the  Nikes,  through  Sergeant  and  Pershing  to  Minuteman. 

These  are  benchmarks  in  the  progress  of  solid  rocket 

propulsion.  Next  step:  big  boosters  for  space  vehicles. 

The  history  of  rocketry  is  the  history  of  Thiokol, 

whose  experience  in  research,  development,  produc- 
tion and  program  management  meets  the  challenge 

of  space.  Now  building  the  biggest  and  most  power- 

ful solid  engines  with  reliable  flight  records  — 

Minuteman's  first  stage  and  the  Nike  Zeus  booster 
—Thiokol  facilities  can  accommodate  immediate 

R&D  efforts  required  in  an  accelerated  space 

booster  program. 
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Simplicity  of  design,  ruggedness,  and  precision 

manufacture  make  possible  these  histories:  On  Spruce 

Mountain,  Nevada,  a  VA-220  reflex  oscillator  klystron 
was  installed  in  1956  in  a  TV  transmission  system. 

It  has  been  operating  unattended  for  more  than 

33,000  hours.  Near  the  Arctic  Circle,  VA-842  super- 
power klystrons  were  installed  in  1956  in  a  classified 

radar  network.  Eight  tubes  had  reached  10,000  hours 

operation  by  December,  1961.  In  Norway,  VA-800C  CW 
amplifier  klystrons  were  installed  in  1958  in  HOTLINE, 

a  link  in  a  NATO  troposcatter  system.  Six  tubes  are  still 

going  after  10,000  hours;  one  has  reached  20,000 

hours.  If  your  microwave  system  design  calls  for 

tubes  that  last,  contact  Tube  Division. 

Varian  Subsidiaries:  bomac  laboratories,  inc.  •  s-f-d  laboratories,  inc.  •  semicon  associates,  inc. 
VARIAN   ASSOCIATES  OF   CANADA,  LTD.    •     SEMICON   OF   CALIFORNIA,  INC.     •     VARIAN  A.  G.  (SWITZERLAND) 
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PROTECTION... 

rtion  by  HITCO 

Thompsoglas  cushioning  material  to  protect 
delicate  instrumentation. 
Nozzle  External  Foil  insulation. 

Missile  Body  Thompsoglas  internal  insulation. 
Ducting;  Foil,  Thompsoglas  or  Soft  Goods 
insulation. 
Oxidizer  Tanks  Soft  Goods  Insulation. 

2nd  Stage  Firewall  Foil  insulation. 
Auxiliary  Power  Unit  Turbine  Foil  insulation. 
Foil  insulation  for  protection  of  instrumentation. 
Nozzle  Heat  Shield  Foil  insulation. 
Main  Firewall  Foil  insulation. 

Cryogenic  insulation  for  LOX  Tank  Truck and  lines. 
Motor  Case  Soft  Goods  insulation  cover  for 
propellant  conditioning  and  weather  protection. 

I-' 

HITCO'S  Insulation  Division  produces  extreme-temperature 
blankets  in  three  types  for  missile  applications  — 300°F  to  +3000°F: 
FOIL  BLANKETS  —  Refrasil  batt  between  resistance-welded 
stainless  steel  or  inconel  foils;  lightweight,  with  excellent  flexibility, 
custom  designed  for  each  application. 
MOLDED  THOMPSOGLAS -Resin-bonded  fiber  glass,  formed 
into  various  shapes  for  shock,  vibration  and  heat  absorption. 
SOFT  GOODS  BLANKETS -fabric-covered  fiber  glass  batt 
designed  for  low-temperature  and  acoustical  applications. 
For  maximum  heat  protection  and  reliability,  specify  HITCO 
insulation  blankets. 

HITCO  Divisions  serving  the  aerospace  industry:  

'  Write  for  Product  Bulletins  ..... 
No  PB2-6  and  A*o  PBi  24.  Research  Materials        Mechanical       Aerospace        Insulation  Radomes 

NSULATION  DIVISION 
H.    I.    THOMPSON    FIBER    GLASS  CO. 
1600  West  135th  Street  •  Gardena  •  California  •  FAculty  1-8080 

WRITE  OR  CAU  YOUR  NEAREST  HITCO  FIELD  ENGINEER:  EASTERN:  Tom  Kimberly,  500  Rodmere  Rd.,  Cheshire,  Conn.,  BR  2-6544  •  Fred  W.  Muhlenfeld,  6659  Loch  Hill  Rd., 
Boltimore  12,  Md.,  VA  5-3135  •  MIDWEST  AND  SOUTH:  Burnie  Weddle,  5650  Colton  Dr.,  N.  E.,  Allonto  5,  Go.,  Phone  255-7804  •  SOUTHWEST,  Marshall  Morris,  2850A  W. 
Berry,  Rm.  7,  Fort  Worth,  Tex.,  WA  4-8679  •  NORTHWEST:  Doug  Stott,  16537  Southeast  30th  St.,  Bellevue,  Wash.,  SH  6-5603  •  SAN  DIEGO:  John  Veil,  8431  Royce  Court, 
BR  8-5350  •  SACRAMENTO:  Raymond  Culler,  441 1  Surita  St.,  IV  3-7243  •  CANADIAN  PLANT:  The  H.  I.  Thompson  Co.  of  Canada  Ltd.,  60  Johnston  St.,  Guelph,  Ont.,  TA  2-6630 
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purposeful  imagination.... in  concept 

The  men  of  Aerospace,  a  corporation  chartered  exclusively  to  serve  the  United  States  Government,  blend  the  full 

resources  of  modern  science  and  technology  in  developing  concepts  for  advanced  ballistic  missile  and  space  systems. 

□  With  the  Air  Force-science-industry  team,  the  men  of  Aerospace  marshall  individual  talents  for  the  full 

exploration  and  assessment  of  advanced  concepts,  selected  for  significant  potential.  Aerospace  contributes 

advanced  systems  analysis  and  planning;  theoretical  and  experimental  research;  general  systems  engineering  and 

corresponding  technical  direction  of  programs.  □  Aerospace  Corporation,  an  equal  opportunity  employer,  now  needs 

more  men  to  meet  these  responsibilities.  Highly  skilled  engineers  and  scientists  with  advanced  degrees,  knowledgeable 

in  interdisciplinary  problem  solving,  are  urged  to  contact  Mr.  George  Herndon,  Room  105  ,  Aerospace  Corporation, 

E  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public   

interest  and  dedicated  to  providing  objective  leadership  in  the  advancement 

and  application  of  science  and  technology  for  the  United  States  Government. 



Bell  research  makes  major  contributions 

to  aviation,  missile  and  space  programs 

als— All-weather,  automatic  Aircraft  Landing  System  illus- 
trated. Electronic  "window  in  the  sky"  automatically  guides 

planes  to  safe  landings  in  foul  weather,  at  night,  even  in 
heavy  seas.  Purchased  by  Navy  for  installation  on  10  modern 
aircraft  carriers. 

AGENA  rocket  engine— Stop-and-start  engine  for  the 
Discoverer,  Midas  and  Ranger  programs.  It  has  functioned 
successfully  on  all  of  its  more  than  25  missions  to  date. 

hipernas — High  Performance  Navigation  System.  Designed 
for  the  U.  S.  Air  Force,  this  self-compensating,  pure  inertial 
guidance  system  can  pinpoint  a  long-range  missile  on  target, 
or  guide  a  satellite  or  space  ship  to  any  point  in  the  universe. 

STEERING  GEAR  FOR  MERCURY  ASTRONAUTS— Jet  Reaction 
Controls,  developed  by  Bell,  control  the  roll,  pitch  and  yaw 
of  the  Mercury  capsule  in  space. 

double-wall — Cools  the  heat  of  homecoming  for  space 
vehicles  entering  the  atmosphere.  Inner  wall  temperatures 

stay  below  200°  F,  even  though  outside  temperatures  may 
soar  above  2,000°  F ! 

eetf — Electronic  Environmental  Test  Facility  at  Ft.  Huachuca, 
Arizona.  Bell  is  operating  the  electronic  phase  of  this  pro- 

gram to  analyze  communications  interference  due  to  large 
volume  of  radio  and  electronic  equipment  being  used  in 
modern  military  operations. 

bell  rocket  belt —  First  portable  rocket  device  to  give 
man  free  flight.  Publicly  demonstrated  at  Ft.  Eustis,  Va., 
June  8, 1961,  it  is  now  being  studied  by  the  Army  for  ship  to 
shore  landings  and  carrying  the  foot  soldier  over  streams 
and  rugged  terrain. 

BELL  AEROSYSTEMS  COMPANY 
DIVISION  OF  BELL  AEROSPACE  CORPORATION 

Buffalo  5,  N.  Y. 
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...their  versatile 

properties  lead  to 

challenging  ideas 

for  industry  and 

research 

TITANIUM  DIBORIDE 
•  Corrosion,  oxidation,  and 
abrasive  resistant 

•  Good  thermal  shock  resistance 
•  Low  electrical  resistivity 
Suggested  uses:  in  composite  ceramic- 
metallic  leading  edge  materials  for 
space  vehicles  and  as  refractory  cermets 
for  jet  and  rocket  engine  parts . . .  special 
high  temperature  crucibles ...  and  abra- 

sive materials ...  as  fabricated  collector 
bars  for  aluminum  reduction  cells. 

RARE  EARTH  & 

YTTRIUM  HEXABORIDES 

•  High  temperature  refractories 
•  Excellent  conductors  of  heat  and 

electricity 
•  Desirable  thermionic  emission 
properties 

The  physical  properties  of  Trona  high 
purity  rare  earth  hexaborides  are 
particularly  applicable  to  space  and 
nuclear  power  programs  requiring 
special  high  temperature  refractories, 
neutron  absorbing  materials,  and 
compounds  with  interesting  thermionic 
emission  characteristics. 

Send  today  for  technical  data 
and  product  bulletins,  write  — 

MARKET  DEVELOPMENT  DEPT., 

American  Potash 

&  Chemical  Coloration 
3000  W.  SIXTH  ST.  •  LOS  ANGELES  54,  CALIF. 
99  PARK  AVE.    •    NEW  YORK  16,  NEW  YORK 
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memo  from  the  publisher 

LAST  WEEK,  two  of  the  industry's top  scientists  appeared  before  the  House 
Manned  Space  Flight  Subcommittee  to 
discuss  the  nation's  spaceflight  pro- 

grams. They  were  Dr.  William  Baker, 
vice  president-research,  American  Tele- 

phone &  Telegraph  Co.,  and  Dr.  George 
Haller,  vice  president-research,  General 
Electric  Co. 

The  hearings  concerned  the  Fiscal 
1963  budget  of  the  National  Aeronau- 

tics and  Space  Administration.  Both 

firms  are  deeply  involved  in  NASA's manned  space  flight  program. 
Both  witnesses  emphasized  the  same 

point  to  the  committee:  Ways  must  be 
found  within  the  limits  of  the  National 
Space  Program  to  exploit  potential 
weapons  developments  when  they  be- 

come apparent. 
Dr.  Baker  said:  "We  have  not  seen 

a  national  policy  that  defines  the  posi- 
tive role  of  the  military.  It  limits  or 

prescribes  its  part  (in  a  national  pro- 
gram) but  it  does  not  explain  its  role." That  is  one  of  the  reasons  behind 

this  special  issue.  The  editors  of  Mis- 
siles and  Rockets  feel  the  military 

role  in  space  needs  much  clearer  defini- 
tion. To  assist  in  this,  they  have  tried 

to  spell  out  where  our  military  space 
program  stands  today.  You  will  find  in 
this  issue  a  rundown  of  current  and 
proposed  military  space  systems,  mili- 

tary space  budgets  and  plans,  and  the 
nation's  military  space  facilities. 

In  defining  the  military  space  role, 
we  must  be  acquainted  with  the  tools 
available.  For  many  weeks,  the  editors 
have  been  visiting  military  space  cen- 

ters throughout  the  nation  to  gather 
material  for  this  issue.  Not  all  of  the 
information  comes  from  the  military. 
Some  has  been  supplied  by  industrial 
and  Congressional  sources. 

To  our  knowledge,  it  is  the  first  time 
any  magazine  has  put  together  in  a  sin- 

gle package  a  readout  of  the  nation's total  military  space  capability. 
Our  companion  National  Aeronau- 
tics and  Space  Administration  issue  of 

last  November  27  on  the  civilian  space 
program  has  been  widely  read  in  Con- 

gress, as  elsewhere.  Several  members 
of  Congress  have  told  us  the  NASA 
issue  was  valuable  to  them  in  preparing 
for  the  hearings  on  the  NASA  budget. 
We  hope  this  week's  book  will  be  just as  helpful. 

In  preparing  the  issue,  the  editors 
also  have  tried  to  make  it  a  worthwhile 
tool  for  those  in  the  industry  who  are 
doing  space  business  with  the  military, 
or  who  plan  to  do  so. 
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missiles  and  rockets 
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There  are  several  ways  the  issue 
can  be  used.  If  you  are  interested,  for 
example,  in  a  specific  program  such 
as  the  Army's  Advent,  you  will  find  in- formation on  budgeting  for  Advent  in 
the  overall  budget  story,  facts  on  the 
project  itself  in  the  spacecraft  story, 
and  an  analysis  of  Advent  management 
and  procurement  in  the  article  on  the 
Army  centers  concerned. 

If  you  have  a  broader  interest,  say,  in 
electronics,  you  can  consult  the  general 
article  on  electronics  which  will  guide 
you  to  the  military  centers  involved  in 
electronic  development  and  procure- 

ment and  from  there  to  the  programs. 
We  hope  you  will  find  the  issue  a 

valuable  reference  throughout  the  year. 

ANOTHER  special  report  now  in 
the  planning  stage  will,  we  feel,  be  of 
major  interest.  The  May  21,  1962, 
issue  of  Missiles  and  Rockets  will 
carry  an  extensive  special  report  on  the 
Manned  Lunar  Program.  With  initial 
contracting  on  Project  Apollo  now 
well  under  way,  both  the  industry  and 
NASA  are  moving  quickly  to  set  up  the 
Apollo  organization.  Latest  information 
on  the  Apollo  program,  including  pro- 

curement details,  will  be  the  highlight 
of  the  May  21  issue.  NASA  and  the 
prime  contractor.  North  American  Avi- 

ation, are  cooperating  with  us  on  this 
report.  We  think  you'll  find  it  useful. 

OA 
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Newest  wideband,  versatile  M  B  WO 

breaks  watts-per-pound  record 

QKA  995-TYPICAL  OPERATING  CHARACTERISTICS 

Sole  tuning  Anode  tuning 
Frequency  Range  (Mc)  2700-3200  2200-3200 
Power  Output  50  watts  min.    30-60  w 
Anode  Voltage  1200  V      600-1400  V 
Anode  Current  115  ma        115  ma 
Sole  Voltage  350-750  V        500  V 
Accelerator  Voltage  600  V  600  V 
Efficiency  50%  50% 
Diameter   less  than  4.5  in  
Weight   3.5  lbs  
Cooling  Conduction  

S^-pound  voltage-tunable  oscillator  delivers  50  watts 
min.,  features  low-voltage  tuning 

Raytheon's  newest  all  metal-ceramic  QKA  995  is  the  smallest 
and  most  efficient  M-BWO  yet  developed.  This  extremely 
rugged  voltage-tunable  oscillator  requires  no  external  RF 
package.  Its  size,  weight  and  sturdy  construction  make  it 
ideally  suited  for  airborne,  missile  and  space  applications. 
Bandwidth  is  as  great  as  2200  to  3200  Mc  depending  on  mode 
of  tuning.  Either  anode  or  sole  voltage  can  be  varied  to  tune 
tube. 

Write  today  for  complete  technical  details  on  this  and  other 
Raytheon  microwave  oscillators.  Address  Raytheon  Com- 

pany, Microwave  and  Power  Tube  Division,  Waltham  54, 
Massachusetts. 

RAYTHEON  COMPANY 

MICROWAVE    AND    POWER    TUBE  DIVISION 



Space  age  forge 

Fabricating  and  forming  the  metals  for  missiles  requires  a  degree 
of  manufacturing  sophistication  and  precision  that  can  be  met  by 
relatively  few  organizations.  The  Marquardt  Corporation  is  one 
of  these  qualified  subcontractors.  Marquardt/Manufacturing 
facilities  were  built  and  equipped  specifically  to  produce  the 

intricate  components,  sub-systems,  and  systems  necessary  to  the 
national  defense.  Our  large  plants  provide  modern  heat  treating 

and  metal  processing  equipment,  spin  forging,  high-energy 
forming,  machine  tools  and  all  supporting  equipment,  plus  a  work 
force  experienced  in  handling  aerospace  production  problems. 

For  a  recognized  subcontractor  with  a  total  in-house  capacity, 
capable  of  producing  economically  and  on-time,  consult 
Marquardt/Manufacturing.  For  further  information  write  or 
call  H.  C.  Pettit,  Department  B, 
Manufacturing  Services. 

1000  WEST  S3RD  STREET,  OGDEN,  UTAH 

letters 

More  Launch  Opportunities 
To  the  Editor: 

The  ten  launch  postponements  prior  to 
the  successful  MA-6  orbit  flight  have 
prompted  this  writer  to  offer  a  few  brief 
remarks  concerning  the  launch  delay 
problem  as  it  will  affect  future  (Gemini, 
Apollo,  Dyna-Soar)  space  projects. 

The  Friendship  7  delays  were  of  course 
unfortunate  for  all  concerned,  but  were 
to  be  expected  due  to  the  unforeseen  prob- 

lems arising  in  the  nation's  first  manned 
space  project  and  the  earnest  desire  that 
it  be  a  success.  Experience  and  improved 
techniques  will  eliminate  many  of  the 
present  reasons  for  launch  delays  of  the 
one-stage  Atlas/ Mercury  capsule. 

But  the  following  questions  may  be 
asked:  (a)  What  will  be  the  probable 
launch  delay  period  for  the  far  more  com- 

plex manned  vehicles  of  the  future — hav- 
ing three  or  more  crew  members  and  from 

two  to  three  rocket  stages  for  the  Apollo 
earth-orbit  rendezvous  mode  (or  up  to 
five-to-seven  for  "projected"  Nova  direct 
flights)?,  (b)  What  additional  direct  oper- 

ating costs  will  be  incurred  because  of 
these  delays?,  and  (c)  What  additional 
payload  penalties  will  result  if  precise 
launch-on-time  does  not  occur  as  dictated 
by  earth-orbit  rendezvous  or  direct-lunar launch  window  conditions? 

Major  effects  of  these  problems  can  be 
minimized  through  three  key  orbital  oper- 

ations procedures: 
A.  Use  of  rendezvous-compatible 

orbits  (RCO's)  to  provide  convenient 
twice-daily  synchronism  of  the  launch 
base  with  the  target  satellite  station  or 
orbital  assembly  base. 

B.  Implementation  of  an  RCO  station 
keeping  system  to  maintain  rendezvous 
compatibility  with  the  launch  and  recovery 
bases. 

C.  Employment  of  low-altitude  park- 
ing orbits  (about  100  n.  mi.),  providing 

optimum  (in-plane)  launch  opportunities 
to  an  RCO-constrained  orbital  assembly 
base  (at  an  altitude  of  about  262  n.  mi. 
and  inclination  of  31°). Proper  selection  of  the  orbital  altitude 
and  inclination  combination  can  provide 
the  required  synchronism  of  the  orbital 
assembly  base  with  Cape  Canaveral,  so 
that  two  optimum  in-plane  launch  oppor- 

tunities will  occur  each  day. 
Many  other  combinations  of  altitude 

and  inclination  may  be  considered.  A  typi- 
cal good  combination  for  two  optimum 

launch  opportunities  per  day  is  an  altitude 
of  262  n.  mi.  and  inclination  of  31°  for 
Cape  Canaveral.  Thus  a  first  launch  op- 

portunity with  a  north-going  base  will 
occur  at  time  zero,  and  a  second  opportu- 

nity with  a  south-going  base  three  hours 
and  8.76  minutes  later.  Successive  oppor- 

tunities will  occur  each  day  thereafter, 
provided  the  orbital  assembly  base  is 
maintained  on  this  nominal  RCO  through 
station-keeping  techniques.  Station-keeping 
costs  are  estimated  to  be  about  32  f./sec. 
per  year  of  characteristic  velocity  for  a 
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typical  satellite  vehicle  having  an  area 
loading  of  100  lbs.  per  ft.2. 

Perhaps  an  even  more  useful  RCO 
would  be  that  having  an  inclination  of 
about  35°  and  an  altitude  of  264  n.  mi. 
This  alternative  combination  will  provide 
two  optimum  in-plane  launch  opportuni- 

ties from  the  Cape — with  one  near-opti- 
mum in-plane  recovery  opportunity  at 

Edwards  AFB. 
Norman  V.  Petersen 
Hawthorne,  Calif. 

Strange  Patent  Bedfellows 
To  the  Editor: 

In  your  recent  editorial  on  "The  Two 
Sides  of  the  Patent  Coin"  (M/R,  Dec.  11), 
the  omission  of  the  question  of  employee 
patent  property  rights  seems  particularly 
conspicuous.  The  question  is  one  that  lends 
itself  to  open  discussion  in  West  Germany, 
Holland,  Denmark,  Sweden,  Austria,  Switz- 

erland, Italy  and  Japan;  in  all  these  coun- 
tries there  is  national  legislation  of  the 

apportionment  type  on  employee  and  con- 
tractor intellectual  property  rights. 

This  problem  is  not,  on  the  other  hand, 
much  discussed  in  the  Soviet  Union,  East 
Germany,  Rumania,  Bulgaria,  the  Chinese 
mainland,  Hungary,  Canada,  or  the  United 
States;  in  all  these  countries  there  is  na- 

tional legislation  of  the  sequestration  type 
on  industrial  inventions  property.  Rights 
in  intellectual  property  in  this  group  are 
determined  pretty  unilaterally,  by  govern- 

ment agencies  or  the  managements  of  the 
larger  industrial  establishments  or  the 
stronger  parties  to  various  contractual 
arrangements. 

Bernard  M.  Taylor,  Jr. 
Santa  Monica,  Calif. 

Clarification 

To  the  Editor: 

In  the  article,  "Rails  Proposed  for  Atti- 
tude Control"  (M/R,  Feb.  5,  p.  34),  con- cerning the  pulsed  plasma  accelerator, 

there  is  a  point  of  clarification  with  regard 
to  capacitor  life  and  electrode  erosion  that 
we  should  pass  on  for  the  information  of 
your  readers. 

On  the  question  of  an  energy  storage 
capacitor,  two  capacitor  manufacturers 
have  told  us  they  feel  they  can  meet  our 
specifications,  so  the  capacitor  apparently 
is  not  a  major  problem.  However,  since 
our  discharge  requirements  are  different 
than  those  of  usual  applications,  additional 
work  will  be  required  to  establish  capacitor 
life  and  reliability.  With  regard  to  elec- 

trode erosion,  the  results  of  the  life  test 
were  encouraging,  and  showed  that  elec- 

trode erosion  was  not  the  severe  problem 
it  was  originally  thought  to  be.  However, 
the  test  was  quite  short  and  further  work 
will  be  required. 

Michel  E.  Maes 
Research  Engineer 
Rocket  Research  Corp. 
Seattle 
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6000  psi  air... and  not  a  bubble  in  sight 

This  fully  submerged,  CPV  O-SEAL  valve  is  holding  enough  air  pres- 

sure to  blow  water,  tank  and  all  into  the  next  county  ...  yet  there's 
not  a  trace  of  leakage  through  seat,  around  stem  or  hand-tight 
connections. 

If  you  design  high  pressure  piping  systems,  you  are  well  aware 
of  the  need  for  this  kind  of  leakproof  reliability.  The  CPV  O-SEAL 

SYSTEM  assures  "bubble-tight"  shut-off  of  any  gas — even  nitrogen 
and  helium — and  liquids  at  pressures  up  to  6000  psi,  and  at  tem- 

peratures from  —20°  to  275°F. 
You  get  reliability — yes,  and  unlimited  design  flexibility  in  a 

full  line  of  CPV  O-SEAL  globe,  needle,  check  and  relief  valves,  and 
fittings,  tees  and  elbows  in  Vfc-inch  to  2-inch  sizes.  For  full  details 
and  specifications,  write  for  Catalog  60. 

COMBINATION  PUMP  VALVE  CO.  f  846  Preston  Street,  Philadelphia  4,  Pa. 
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The  Countdown 

WASHINGTON 

The  Outlook  for  ComSat 

Administration  officials  are  confident  Congress  will 
approve  a  compromise  bill  establishing  a  broadly  owned 
communications  satellite  corporation.  Senate  Space  Com- 

mittee Chairman  Robert  S.  Kerr  (D-Okla.)  reportedly 
has  swung  over  to  the  Administration  view  that  the  gen- 

eral public  should  be  permitted  to  own  stock  in  the  cor- 
poration. House  Commerce  Committee  Chairman  Oren 

Harris  (D-Ark.)  also  is  willing  to  go  along,  according  to 
Hill  sources.  The  compromise:  plans  for  two  classes  of 
stock  will  be  scrapped  and  only  one  approved.  Price  of 
the  stock  will  be  reduced  and  some  provision  to  allow 
communication  carriers  to  own  ground  stations  will  be 
written  into  the  bill. 

Too  Big  To  Spend? 

Some  members  of  the  House  Space  Committee  be- 
lieve it  would  be  difficult  for  NASA  to  spend  in  one  year 

all  the  funds  it  requested  in  the  $3.7  billion  FY  '63 
budget.  As  a  result,  look  for  the  committee  to  approve 
cuts  in  the  authorization  for  various  NASA  programs. 

Webb  Denies  Political  Rumors 

Washington  politicos  were  speculating  last  week  that 
NASA  Administrator  James  E.  Webb  might  resign  his 
post  after  the  1 964  national  elections  to  become  chairman 
of  the  Democratic  National  Committee.  Webb  emphati- 

cally denies  the  reports,  says  he  will  continue  to  run 
NASA  as  long  as  President  Kennedy  wants  him  in  the  job. 

DX  Priority  for  Apollo  Program 

NASA's  manned  lunar  landing  program  is  expected 
to  receive  a  DX  priority  soon  from  the  President.  The 
space  agency  applied  for  the  highest  national  priority 
some  time  ago.  White  House  sources  indicate  the  request 
will  be  approved.  Apollo  will  be  a  crash  program  only 
in  terms  of  a  highly  accelerated  effort,  however — not  in 
the  sense  of  parallel  development  effort. 

Navy  To  Attempt  Airborne  Launch 
Navy  was  set  last  week  for  airborne  launch  of  an 

undisclosed  orbital  payload  from  a  McDonnell  F4H  out 
of  Pt.  Mugu.  Project  Hi-Hoe  is  a  follow-on  to  the  Naval 
Ordnance  Test  Station  Project  Caleb. 

Orbital  Space  Platform  for  1967-68 
NASA  plans  to  launch  a  permanent  manned  space 

platform  at  about  the  same  time  as  the  first  manned  lunar 
landings.  Under  present  estimates  for  the  Apollo-C  mis- 

sion, this  would  put  the  orbital  platform  in  space  about 
1967-68.  Air  Force  would  like  to  achieve  this  much 
earlier. 

AF  Argument  Gains  Ground 
One  of  the  more  potent  Air  Force  arguments  for 

an  expanded  man-in-space  mission  seems  to  be  gaining 
ground  with  Congress.  Military  space  vehicles,  the  AF 
points  out,  can  be  converted  or  diverted  to  civilian  sci- 

entific missions — but  the  reverse  is  not  true. 
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INDUSTRY 

Centaur  Launch  Due  This  Week 

The  long-delayed  initial  launch  of  the  liquid  oxygen- 
hydrogen  Centaur  upper  stage  by  an  Atlas  booster  now 
is  set  for  March  29.  Heavier  weight,  meanwhile,  has  re- 

duced Centaur's  boosting  capability  and  performance 
slightly.  As  a  result,  watch  for  NASA  approval  of  a 
plan  to  use  the  Surveyor  spacecraft  propulsion  "bus"  as a  third  stage  for  Advent  missions.  Advent  is  now  heavier. 
Prime  Centaur  contractors:  General  Dynamics/Astronau- 
tics,  vehicle;  Pratt  &  Whitney,  propulsion;  Minneapolis- 
Honeywell,  guidance. 

Retros  Aid  Titan  II  Separation 

Martin's  storable-fueled  Titan  II  uses  small  solid  rock- 
ets mounted  in  the  forward  section  of  the  first  stage  to 

shove  the  booster  away  during  separation.  Several  op- 
erations are  performed  simultaneously,  including  second- 

stage  ignition.  The  holes,  or  windows,  plainly  visible  in 
the  stage-juncture  area  of  the  missile  prevent  a  pressure 
build-up  when  the  second  stage  fires. 

Republic  Seeking  OSO  Role 
Republic  Aviation  Corp.  will  seek  a  major  role  in 

development  of  advanced  versions  of  NASA's  Orbiting 
Solar  Observatory.  Mock-ups  of  a  Republic-designed 
second-generation  OSO  and  associated  guidance  and 
stabilization  equipment  are  being  put  together  at  the 
firm's  Paul  Moore  Research  Center  in  Farmingdale,  L.I. 

New  Skybolt  Destruct  Development 
First  tests  are  underway  of  a  new  device  to  prevent 

inadvertent  destruction  of  Air  Force's  Skybolt  air-to- 
surface  weapon  system.  The  command  destruct  module, 
developed  by  Thompson  Ramo  Wooldridge,  employs  a 
unique  Raytheon  filtering  network  which  acts  like  a  safe 
combination — only  a  certain  set  of  five  RF  signals  can 
set  off  the  destruct  mechanism  in  the  missile.  The  sys- 

tem is  intended  to  head  off  problems  caused  by  stray 
radio  signals. 

Reason  for  ANNA  Classification 

ANNA,  a  joint  geodetic  satellite  managed  for  the 
military  services  and  NASA  by  the  Navy,  is  being  criti- 

cized on  the  ground  that  an  essentially  civilian  application 
is  cloaked  in  military  security.  Behind  the  classification: 
development  problems  the  Navy  has  had  with  the  sys- 

tem. These  appear  to  have  been  ironed  out  and  the  Navy 
promises  details  on  ANNA  "soon" — probably  after  its 
upcoming  launch  as  part  of  a  composite  payload  on  a 
Thor  Able  Star. 

INTERNATIONAL 

The  Soviet  Union  is  spending  less  on  space  than  the 
U.S.  in  terms  of  absolute  dollars,  according  to  Dr.  Edward 
C.  Welsh,  executive  secretary  of  the  National  Aeronau- 

tics and  Space  Council.  In  terms  of  a  percentage  of  gross 
national  product,  the  two  nations  appear  to  be  spending 
about  the  same  amount  on  space  exploration. 

VI 



geometry 

Greek  geo  •  metrein,  from  ge,  earth;  metrein,  to  measure 

PROBLEM:  (Euclid,  ca.  300  BC):  From  a  point  outside  a 
circle,  using  only  straight  edge  and  dividers,  construct  a 
line  through  the  center  of  that  circle. 

SOLUTION:  (Barnes  Engineering  Company,  1962  AD): 
By  means  of  an  infrared  straight  edge,  the  two  tangents 
from  the  point  to  the  circle  are  constructed,  giving  the 
subtended  angle  a.  By  means  of  electro-optical  dividers, 
the  angle  a  is  bisected.  The  bisector  is  the  required  line. 

QED. 

COROLLARY:  If  the  point  is  a  space  vehicle  and  the  cir- 
cle is  a  plane  through  the  earth,  the  bisector  is  the  local 

vertical  in  that  plane. 

*Patent  No.  3,020,407 

One  elegantly  simple  method  of  implementing  the  above  solution  is 

Barnes  Engineering  Company's  conical  scanner*.  This  and  other  types 
of  infrared  horizon  sensors  developed  by  Barnes'  engineers  and  scien- 

tists are  being  used  for  space  vehicle  control  and  stabilization  over  both 
the  day  and  night  zones  of  a  planet. 

Barnes  Engineering  is  actively  engaged  in  solving  vital  problems  such 
as  these  for  the  U.  S.  Government.  We  need  scientists  and  engineers 
with  creative  imaginations  to  help  us  in  our  expanding  space  instru- 

mentation program,  on  projects  such  as:  navigation  and  stabilization 
sensors  for  space  vehicles  (MERCURY,  AGENA,  MARINER);  meteor- 

ological instrumentation  for  weather  satellites  (TIROS);  pre-launch 
alignment  equipment  for  missile  guidance  systems  (POLARIS);  and 
trackers  and  radiometers  for  re-entry  measurements  (DAMP). 

At  Barnes  Engineering,  you  will  have  the  opportunity  of  working  with 
people  who  have  been  designing  space  instrumentation  since  before 
the  first  satellite  launching.  If  you  can  contribute  to  the  solution  of 
interesting  and  important  problems  in  infrared  and  electro-optics, 
please  write  or  call  collect  for  a  confidential  interview: 

Mr.  Edward  R.Tarczali,  Personnel  Manager 

Barnes  Engineering  Company 
30  Commerce  Road  •  Stamford,  Conn.  •  Fireside  8-5381 

An  equal  opportunity  employer 



THE 

CRYODYNE®  V 

HELIUM  
" 

REFRIGERATOR 

a  new  milestone 

now  from  ADL 

Closed-cycle  refrigeration  at  liquid  helium  temperatures  is  now  available 
in  proven  hardware.  Arthur  D.  Little,  Inc.  —  under  the  initial  sponsorship 
of  International  Business  Machines  Corporation  and  continuing  sponsor- 

ship by  the  U.S.  Army  Ordnance  Corps  through  Bell  Telephone 
Laboratories,  Inc.  —  has  extended  the  development  of  its  patented 
Gifford-McMahon  cycle  to  produce  the  ADL  CRYODYNE  HELIUM 
REFRIGERATOR.  The  Refrigerator  will  provide  up  to  250  milliwatts 
of  refrigeration  at  liquid  helium  temperatures  and  will  function  normally 
regardless  of  physical  orientation.  A  number  of  units  were  completed 
in  1961  and  by  December  31st  had  accumulated,  in  aggregate,  more  than 
10,000  operating  hours.  A  CRYODYNE  Refrigerator  on  one  endurance 
test  run  exceeded  1500  hours  of  continuous  operation  without  mainte- 

nance or  control  manipulation. 

Because  of  its  demonstrated  reliability,  its  compact  size  and  simplicity  of 
design,  the  CRYODYNE  Refrigerator  lends  itself  to  a  wide  range  of 
application  in  cooling  superconductive,  quantum  electronic,  and  IR 
devices.  For  complete  technical  data  and  price  information,  write: 
CRYOGENIC  EQUIPMENT,  Arthur  D.  Little,  Inc.,  20  Acorn  Park, 
Cambridge  40,  Massachusetts. 

APPLIED  SCIENCE  •  RESEARCH  EQUIPMENT 
ENGINEERING  •  MANAGEMENT  CONSULTING 

Albert  Hatch  (left)  and  Dr.  Howard  McMahon 
discuss  the  results  of  a  test  run.  Dr.  Mc- 

Mahon and  William  E.  Gifford,  now  Pro- 
fessor of  Mechanical  Engineering  at  The 

University  of  Syracuse,  were  co-inventors  of 
the  refrigeration  cycle  used  in  the  CRYO- 

DYNE Refrigerator.  Albert  Hatch  is  in  charge 
of  engineering  development  of  the  Refrig- 

erator at  ADL. 

Arthur  MMttUMc. 
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DOD  Revises  Procurement  Policy 

The  Defense  Department  last 
week  formally  revised  its  procure- 

ment regulations  to  provide  contrac- 
tors with  greater  incentives  to  con- 
trol costs  and  improve  performance. 

Heart  of  the  new  policy,  said 
Deputy  Secretary  of  Defense  Ros- 
well  Gilpatric,  will  be  the  greater  use 
of  firm  fixed-price  and  incentive  con- 

tracts and  the  de-emphasis  of  cost- 
plus-fixed-fee  awards. 

Noting  that  the  average  profit 
on  CPFF  contracts  is  a  little  over 
four  percent,  Gilpatric  said  that  the 
new  incentive  policy  would  enable 
contractors  to  earn  profits  up  to  the 
statutory  limit  of  15%. 

Conversely,  poor  performance  will 
be  penalized.  Although  initially  the 
profit  swing  will  be  from  four  to  11 
percent,  DOD  eventually  hopes  to  in- 

crease the  swing  from  zero  to  the 
15%  limit  in  order  to  make  the  sys- 

tem work. 
The  revised  regulations,  Gilpatric 

noted,  had  been  sent  in  draft  form 
to  industrial  firms  and  associations 
throughout  the  country.  The  detailed 
comments  and  objections  received 
were  taken  into  consideration  in  the 
final  language  of  the  procurement 
regulation  revisions. 

Although  firm  fixed-price  con- 
tracts are  still  preferred  by  DOD, 

Gilpatric  admitted  that,  due  to  the 

nature  of  Defense  awards,  it  is  un- 
likely that  this  type  of  award  will 

increase  significantly  in  the  future. 
The  incentive  pact,  therefore, 

will  enable  the  government  to  re- 
ward efficiency  while  punishing  poor 

performance. 
Criteria  for  evaluating  a  contrac- 

tor's performance  will  rest  on  three 
key  areas :  cost  control,  performance 
of  the  final  end  product  and  its 
ancillary  subsystems,  and  the  reli- 

ability and  development  time  of  the 
final  item. 

The  revised  regulations  become 
effective  upon  receipt  by  procure- 

ment agencies  or  on  June  15,  1962 — 
90  days  after  issuance. 

NASA  Budget  Faces  Knife 

A  top  House  Democrat  predicts 
that  NASA's  Fiscal  '63  budget  will 
be  slashed  by  Congress. 

"I  think  it  is  the  sentiment  of 
Congress  that  the  budget  should  be 
reduced,"  Rep.  Olin  Teague  (D- 
Tex.),  second-ranking  majority 
member  of  the  House  Space  Commit- 

tee, told  Missiles  and  Rockets. 
Teague,  who  also  serves  as  chair- 

man of  the  Manned  Space  Flight 
Subcommittee,  said  that  "I  think 
they  (NASA)  have  done  well,  but  I 
also  think  many  members  of  Con- 

gress feel  that  they  just  can't  spend 
$3.7  billion  in  one  year." 

Mercury  Chief  Gilruth  Wins  Goddard  Trophy 
ROBERT  H.  GODDARD  Memorial  Trophy,  founded  by  Missiles  and  Rockets  Maga- 

zine, was  awarded  to  Robert  R.  Gilruth,  Director  of  NASA's  Project  Mercury,  at 
National  Rocket  Club  dinner  March  16.  Vice  President  Johnson  made  presentation.  Mrs. 
Goddard  is  at  center,  NASA  Administrator  Webb  at  right,  M/R  Editor  Coughlin  at  left. 

If,  as  is  indicated,  the  House 
committee  reduces  the  NASA  Fiscal 
'63  authorization  legislation,  the 
cuts  will  be  made  in  specific  pro- 

grams. There  is  also  a  chance  that 
this  could  be  reduced  even  further 
when  the  Appropriations  Committee 
begins  its  consideration  of  the 
budget. 

Meanwhile,  NASA  officials  told 
the  Unmanned  Space  Flight  Subcom- 

mittee that  the  first  launch  of  Cen- 
taur would  come  in  the  very  near 

future. 
Informed  sources  reported  that 

the  shot  was  scheduled  for  March  29. 
The  suborbital  flight  will  have  a 

trajectory  of  1175  miles,  with  the 
Centaur  burning  up  as  it  re-enters 
the  atmosphere. 

The  flight  is  expected  to  provide 
information  on  two  main  points:  the 
behavior  of  hydrogen  during  zero 
"G,"  and  whether  or  not  the  Centaur 
engines  will  ignite  in  space. 

Col.  Donald  Heaton,  director  of 
launch  vehicles  in  NASA's  Office  of 
Space  Sciences,  told  the  subcommit- 

tee that  two  main  problems  still 
must  be  solved  in  the  Centaur  de- 

velopment. One  is  the  difficulty  in 
learning  how  to  pump  hydrogen  into 
the  vehicle's  tanks.  The  other  is  the 
development  of  cracks  in  a  bulkhead 
producing  seepage  which  allows  the 
hydrogen  to  turn  into  gas. 

He  also  disclosed  that  the  pro- 
gram— which  has  cost  $350  million 

to  date — is  one  year  behind  schedule, 
with  the  first  operational  vehicle  not 
slated  until  early  1964. 

He  said  the  second  and  third 
Centaur  vehicles  are  now  under- 

going tests  at  Edwards  AFB,  Calif. 

Minuteman  Award  Announced 

A  $61-million  contract  for  the 
construction  of  a  Minuteman  ICBM 
base  near  Whiteman  AFB,  Knob 
Noster,  Mo.,  was  announced  by  the 
Air  Force  last  week. 

Four  firms  —  Morrison-Knudsen, 
Paul  Hardeman,  Inc.,  Perrini  Corp., 
and  C.  H.  Leavell  and  Co. — will  team 
up  to  build  the  150-missile  base.  The 
Whiteman  complex  is  the  fourth 
Minuteman  base  under  construction. 

Shots  of  the  Week 

Titan  II — the  most  powerful 
ICBM  under  development  by  the  U.S. 
— was  successfully  launched  from 
Cape  Canaveral  March  16. 
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SPACE  SIMULATION 

...and  the 

ADL-Collins 
Helium  Cryostat 

The  ADL-COLLINS  HELIUM  CRY- 
OSTAT has  been  proven  in  extensive 

field  operation  to  be  an  economical  and 
effective  means  of  producing  high-vac- 

uum cryopumping  for  space  simulation 
experiments.  Three  models  of  the  Cryo- 

stat are  available  for  work  in  this  area. 
The  Refrigerator  Model  is  used  for 
cooling  and  circulating  8°-30°K  helium 
gas  through  a  closed-cycle  system  to  a 
condensing  surface  within  the  simula- 

tion chamber.  The  standard  Cryostat 
will  produce  up  to  eight  liters/hr.  of 
liquid  helium  which  in  turn  may  be 
used  in  a  variety  of  ways  to  produce 
cryopumping.  The  third  Cryostat  model 
is  designed  for  liquefaction  of  gases 
other  than  helium  —  most  commonly 
hydrogen.  Cryopumping,  utilizing  either 
low-temperature  gas  or  liquid,  offers 
extremely  high  pumping  speeds  at  high 
vacuum  —  a  vital  consideration  in  any 
experiment  involving  an  appreciable 
degree  of  outgassing.  For  more  detailed 
Cryostat  information,  write:  RE- 

SEARCH EQUIPMENT,  Arthur  D. 
Little,  Inc.,  20  Acorn  Park,  Cambridge 
40,  Mass. 

APPLIED  SCIENCE  •  RESEARCH  EQUIPMENT 
ENGINEERING  ■  MANAGEMENT  CONSULTING Arthur  SLIUttleJnr. 
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CRYOGENICS 

SUPER  EFFICIENCY 

DEWARS 

400  gallon  liquid  nitrogen  dispensing  dewar.  all  G 
loading  designed  for  mobility  on  truck.  High  effi- ciency—0.26%  nitrogen  heat  leak  per  day.  A  stan- dard production  unit.  Insulated  only  by  lamina 
insulation  and  vacuum.  -O 

■<2>  1.000  liter  in-plant  liquid  hydrogen  trailer dewar.   High  efficiency— 1%   hydrogen   heat  leak fer  day.  Also  furnished  with  support  system  for 
iquid  nitrogen.  A  standard  production  unit.  Insu- lated only  by  lamina  insulation  and  vacuum. 

A  25  liter  liquid  nitro- V  gen  dewar.  especially 
designed  for  use  by  phy- 

sicians. High  efficiency- less  than  0.5%  nitrogen 
heat  leak  per  day.  A  stan- dard production  unit.  In- sulated only  by  lamina insulation  and  vacuum. 

All  of  these  high  efficiency  dewars, 
as  well  as  many  more,  are  standard  pro- 

duction units.  Special  dewars  include 
units  such  as  a  high  efficiency  100  liter 
liquid  helium  dewar  with  a  liquid  nitro- 

gen shield-1%  He  and  3%  N2  heat  leak 
per  day.  Another  special  project  is  an 
8,150  gallon  liquid  helium  trailer,  now 
under  thermal  tests. 

At  CRYENCO,  quality  is  a  creed! 
These  efficiency  ratings  show  it.  For 
your  standard  or  special  dewar  require- 

ments, write  for  CRYENCO  Dewars 
data  sheets. 

Cryogenic  Engineering  Co. 
238  W.  48th  Ave.,  Denver  16,  Colo. 

Low  Temperature,  High  Vacuum 
Equipment  and  Engineering 

The  Missile/Space  Week 

The  first  flight  test  of  the  103-ft., 
430, 000-lb. -thrust  ICBM  covered 
more  than  5000  miles  and  accom- 

plished all  the  major  test  objectives, 
the  Air  Force  announced. 

In  addition  to  evaluating  the  pro- 
pulsion system,  staging  technique 

and  flight  performance,  the  test  es- 
tablished the  basic  integrity  of  the 

overall  design  and  various  subsys- tems. 
To  be  launched  from  an  under- 

ground silo,  Titan  II  is  designed  for 
a  quick  reaction  time.  It  therefore 
uses  storable  hypergolic  propellants 
which  produce  a  glowing  hot  gas 
rather  than  a  flame. 

The  successful  flight  was  also  the 
first  test  of  the  Mark  VI  re-entry 
vehicle — one  of  the  largest  ever 
flown  on  an  ICBM — built  by  the 
General  Electric  Company. 

•  The  Army's  Pershing  missile 
was  successfully  launched  from  Cape 
Canaveral  March  15. 

The  missile's  prototype  ground 
support  equipment  was  used  for  the 
first  time  in  the  firing,  to  evaluate 
its  performance  and  its  ability  to 
withstand  the  blast  and  heat  of  the 
missile's  launch. 

The  three  GSE  units — the  Trans- 
porter-Erector-Launcher, the  Pro- 

gramer  Test  Station  and  the  Pri- 
mary Power  Pack — met  all  the  test 

objectives,  according  to  the  Army. 
•  Although  successful,  a  Nike- 

Cajun  rocket  fired  from  Eglin  AFB, 
Fla.,  March  16  to  measure  infrared 
rays  in  the  atmosphere  caused  some 
consternation  when  the  Nike  booster 
fell  in  a  vacant  lot  between  two 
houses  in  nearby  Venice,  Fla. 

Two  K's  Talk  Space  Cooperation 

President  Kennedy's  letter  to  Pre- 
mier Khrushchev — made  public  last 

week — lists  five  specific  proposals 
for  cooperation  in  space: 

—Establishment  of  an  early 
weather  satellite  system  with  each 
country  launching  its  own  satellite 
into  polar  orbit  in  planes  approxi- 

mately perpendicular  to  each  other. 
—Establishment  of  radio  track- 

ing stations  in  each  other's  terri- tory to  be  operated  by  indigenous 

personnel. —Establishment  of  a  project  to 
map  the  earth's  magnetic  fields. 

—Cooperation  in  the  development 
of  communications  satellites. 

—Cooperation  in  the  field  of  space 
medicine  through  the  exchange  of 
information. 

First  Flight  of  Titan  II 

AF'S  Martin  Titan  II  storable- fueled  ICBM 
was  launched  successfully  from  Cape 
March  16 — to  apparent  unconcern  of  pass- 

ing seagull. 

Stressing  that  the  list  of  proj- 
ects was  not  "intended  to  limit"  the consideration  of  cooperative  projects, 

the  President  carefully  avoided  any 
programs  that  might  encroach  on 
Soviet  territory  or  security. 

The  letter — sent  to  the  Soviet 
Premier  two  days  after  his  congrat- 

ulatory message  on  John  Glenn's orbital  flight — was  not  previously  re- 
leased because  of  the  Administra- 

tion's desire  to  give  Khrushchev  an 
opportunity  to  study  its  contents. 

Meanwhile,  the  28-nation  U.N. 
Committee  on  the  Peaceful  Uses  of 
Outer  Space  was  meeting  in  New 
York  for  the  first  time  in  full  ses- 

sion. Previously,  the  Russians  and 
the  Iron  Curtain  countries  had  boy- 

cotted the  committee. 
U.S.  Delegate  Francis  T.  P. 

Plimpton  told  the  opening  session 
that  "there  are  hopeful  prospects  of 
collaboration  between  my  country 
and  the  Soviet  Union  in  Outer  Space 

projects." 

Soviet  delegate  Platon  D.  Morozov 
echoed  this  by  saying  that  the  Rus- 

sians were  ready  to  cooperate  in  the 
exchange  of  information,  tracking 
projects  and  the  study  of  legal  and 
technical  problems  connected  with 

space. 
Khrushchev,  however,  in  a  note 

to  the  President  last  week,  linked 

space  cooperation  "in  some  degree on  the  solution  of  the  disarmament 

problem." 
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...temperatures  from  +350° F  to  -320° F 

...vacuum  to  1  x  10  7mm  Hg 

How  do  you  perform  the  necessary 
preftight  thermal  vacuum  tests  of 
the  0A0  (Orbiting  Astronomical 
Observatory)  to  assure  reliability? 
That  was  the  question  faced  by 
Grumman  Aircraft  Engineering 
Corporation,  prime  contractor  to 
NASA  for  the  OAO. 

The  19  ft.  dia.  by  26  foot  test 
chamber  above  is  the  heart  of  the 
space  simulation  system  designed 
and  built  by  CB&I.  The  high  vac- 

uum pumping  system  can  lower 

pressure  below  the  10""  mm  Hg 
range.  The  low  temperature  of  outer 
space  can  be  simulated  by  a  liquid 
nitrogen  cold  wall.  The  nitrogen 
systems  also  include  equipment  to 
heat  and  circulate  gaseous  nitrogen 
for  thermal  testing,  and  a  vapor- 

izer-super heater  for  emergency 

CB 
Circle  No.  55  on  Subscriber  Service  Card 

heat-up  of  the  nitrogen  shroud. 
CB&I  is  ready  to  attack  any  test- 

ing requirement  you  may  have  — 
with  a  "world  of  experience"  to 
offer.  Chicago  Bridge  &  Iron  Com- 

pany, Oak  Brook  (Hinsdale  P.  O.), 
Illinois.  Offices  and  subsidiaries 
throughout  the  world. 

touilt  it! 



Shaft  Digitizer  RELIABILITY? 

OPTISYN  has  it. 
In  fact,  we  feel  OPTISYN  contains  more  inherent  relia- 

bility than  any  shaft-angle  transducer  we  know.  That's  one reason  why  it  is  standard  equipment  on  operational  missiles. 

First,  OPTISYN  has  no  sliding  contacts.  Therefore  no 
contact  bounce  or  critical  contact  alignment,  no  abrasive 
wear,  and  rotational  speeds  up  to  3000  rpm  allowed. 

Second,  OPTISYN  is  optical,  but  like  no  other  optical 
system  you've  likely  seen.  It  does  not  achieve  high  resolution 
by  forcing  high-peak  pulsed  illumination  through  critically     optisyn  high-occumcy 
narrow  slits,  an  approach  that  requires  sensitive  high-gain     incremental  opiicol ..  „       .   '  rr  ^  shaft-angle  digitizer, amplification.  Standard  sizes  II  to  27. 

OPTISYN,  instead,  achieves  high-efficiency  wide-aperture  optics  through 
the  use  of  a  rotating  moire  interference  pattern.  The  result  is  valuable  error 
compensation  and  such  high  light-path  efficiency  that  a-c  or  d-c  light  sources 
can  be  run  at  reduced  excitation.  This  gives  OPTISYN  long  life  (a  projected  6 
years  mean-time-to-failure),  and  ruggedness  to  meet  MIL-E-5272C. 

Third,  OPTISYN  is  incremental  and  produces  two  serial  output  pulse 
trains  for  CW  and  CICW  rotation.  Thus  more  reliability  because  of  fewer  wires 
for  signal  transmission,  fewer  soldered  joints,  etc. 

VARIATIONS?  Special  designs,  including  pancake  shapes,  are  in  produc- 
tion for  inertial  accelerometers,  gyro  gimbals,  pedestal  mounts,  industrial  uses, 

etc.  Output  electronics  also  available  to  match  high-performance  OPTISYN 
into  vour  digital  system.  Want  more  information? 

DYNAMICS    RESEARCH  CORPORATION 
38  MONTVALE  AVENUE    STONEHAM,  MASS.    TEL.  (617)  438-3900 

Inertial  and  Industrial  Control  System  Specialists 
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INERTIAL  GUIDANCE 

Represents 
one  of 
many 

applications 

Autocollimation 

to  solve 

Alignment 
Problems 
of  a  highly 

precise 
nature. 

me  KERN  DKM2 

When  equipped  with  the  new  No.  356  Autocollimating  Eyepiece, 
this  famous  one-second  theodolite  has  a  total  magnification  of  23x  and 
an  operating  range  from  zero  to  at  least  100  feet  for  autocollimation. 

Wrtte  tor 
technical  dote 

and 
ipecffieofjons. The  FINEST  in  SURVEYING  EQUIPMENT 

KERN  INSTRUMENTS  INC. 
120  Grand  St.,  White  Plains,  N.  Y. 

The  Missile/ Space  Week 

Red  Boasts  'Global  Rockets' 
Premier  Nikita  S.  Khrushchev 

rattled  a  new  "Global  Rocket"  at  the 
West  last  week  in  a  campaign  speech 
to  Moscow  voters. 

The  new  weapon,  the  Soviet  Pre- 
mier said,  "can  fly  around  the  world 

in  any  direction  and  strike  a  blow 

at  any  set  target." 

Lockheed  Sees  Huge  Markets 
Lockheed  Aircraft  Corp.  predicts 

in  its  30th  annual  report  that  aero- 
space and  other  defense  markets  will 

hit  $25  billion  a  year  by  1970. 
"These  markets  .  .  .  include  large 

increases  in  research  and  military 
and  civilian  space  programs;  con- 

tinued large  purchases  of  manned 
military  aircraft,  missiles,  and  ships; 

and  a  higher  volume  of  electronics," Chairman  Courtlandt  S.  Gross  and 
President  Daniel  J.  Haughton  told 
shareholders. 

The  bold  forecast  was  made  as 
Lockheed  reported  new  highs  in 
earnings,  sales  and  backlog  for  1961, 
reversing  losses  of  1960  when  the 
firm  recorded  large  writeoffs  on 
transport  programs. 

Rocket  Club  Honors  Gilruth 

Robert  R.  Gilruth,  Director  of 
NASA's  Manned  Spacecraft  Center, 
was  presented  the  Dr.  Robert  H. 
Goddard  Memorial  Trophy  at  a  wind- 
up  dinner  of  the  National  Rocket 
Club's  two-day  National  Space 
Conference. 

Cited  for  his  "personal  dedica- tion in  leading  the  Project  Mercury 
team,"  Gilruth  was  presented  the 
trophy  by  Vice  President  Lyndon  B. 
Johnson. 

Winners  of  other  awards: 
-William  G.  Stroud  of  the  God- 

dard Space  Flight  Center,  for  his  con- 
tributions to  development  of  meteor- 

ological satellites  and  their  asso- 
ciated equipment,  received  the  Astro- 

nautics Engineer  Award. 
— Astroelectronics  Division  of 

RCA,  for  its  work  on  the  Tiros  me- 
teorological satellite,  received  the 

Nelson  P.  Jackson  Memorial  Aero- 
space Award. —The  New  York  Times,  for  its 

day-to-day  coverage  of  the  aerospace 
field,  received  the  National  Rocket 
Club  Award. 

—Allen  M.  Lenchek  received,  for 
the  second  straight  year,  the  Dr. 
Robert  H.  Goddard  Memorial  Schol- 

arship Award. 
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Russians  Launch  New  Sputnik 

In  an  off-hand  remark  during  a 
marathon  campaign  speech,  Soviet 
Premier  Nikita  S.  Khrushchev  re- 

vealed that  the  Russians  had  launched 
another  Sputnik  March  16. 

Although  orbital  data  on  the 
spacecraft  was  not  immediately  avail- 

able from  either  Soviet  or  American 
sources,  Tass  later  confirmed  the 
launching  and  released  the  following 
orbital  data:  apogee,  608.94  miles; 
perigee,  134.83  miles;  period,  G6.35 
min. ;  angle  of  inclination  to  the 
equator,  49  degrees  and  transmit- 

ting frequencies,  20.003  and  90.018 
megacycles. 

First  of  a  series  of  satellite 
launchings  scheduled  for  1962,  ac- 

cording to  Tass,  the  earth  satellite 
will  study  "the  upper  layers  of  the 
atmosphere  and  outer  space." 

Specific  objectives  of  the  Soviet 
satellite  program,  as  outlined  by 
Tass,  are  studies  of: 

—  Concentration  of  charged  par- 
ticles in  the  ionosphere  for  investi- 
gating propagation  of  radio  waves. 

—  Corpuscular  flows  and  low- 
energy  particles. 

—Energy  composition  of  the  radi- 
ation belts  for  evaluation  of  the 

radiation  danger  in  prolonged  space 
flights. 

—Primary  composition  and  in- 
tensity variations  of  cosmic  rays. 

—Magnetic  field  of  the  earth. 
—Shortwave  radiation  of  the  sun 

and  other  celestial  bodies. 
—Effects  of  meteoric  matter  on 

construction  elements  of  space  ve- 
hicles. 

The  off-hand  announcement  of 
the  launch,  as  well  as  the  lack  of 
early  orbital  data,  gave  rise  to 
conjecture  that  the  Russians  had 
launched  another  manned  vehicle  or 
an  applications  satellite. 

However,  as  minute  bits  of  infor- 
mation were  released  by  both  Tass 

and  the  U.S.,  it  became  clear  that  the 
new  Sputnik  was  an  extension  of  the 
Soviet  space  research  program. 

Least  encouraging  aspect  of  the 
launching  was  the  apparent  failure 
of  the  U.S.  SPADATS  to  pick  up  the 
orbiting  craft  on  its  initial  orbit. 

NASA  Seeks  $618.5  Million 
For  Research/Technology 

NASA  reported  to  a  House  Space 
Subcommittee  a  $618,500,000  request 
for  Fiscal  Year  1963  for  advanced  re- 

search and  technology,  including 
$52,588,000  for  aircraft  and  missile 
technology  to  advance  studies  on  a 

( Continued  on  page  25 ) 

SOLAR  ENERGY 

NO  SUN? 

Man  is  accustomed  to  the  age-old  concept  of  night 
and  day.  Long  hours  of  sunshine,  equally  long 

UfUCDC  TUCDC  IC  hours  of  tiarkness- Not  s°.  durini  Earth 
iLIlk  IbllC  10  Orbit,  in  the  unexplored  regions  of  outer 

space,  when  life-giving  rays  of  the  Sun  are  eclipsed  for  a  brief  period 
every  hour.  Though  momentary,  these  periods  of  darkness  threaten 

the  feasibility  of  Solar  Powered  space  vehicles.  This  is  but  one  of  the 

many  challenges  confronting  Ken  Nichols  and  his  associates  at  Sundstrand  Aviation-Denver. 
Ken  is  Project  Manager,  guiding  the  development  of  a  15  KW  (electrical)  Solar  Dynamic  Space 

Power  System  under  Air  Force  Contract.  ■  Briefly,  the  system  is  comprised  of  a  huge  mirror 

which  reflects  solar  energy  into  a  boiler.  Here,  under  intense  heat,  liquid  metal  is  vaporized, 

thus  powering  an  axial  flow  turbine  which  drives  a  generator  floating  on  liquid  metal  bearings. 

Sundstrand  had  to  devise  a  method  for  continuing  the  generation  of  power,  when  solar  energy 

was  blotted  out  by  the  Earth's  shadow.  In  some  Earth  Orbits,  night  would  last  only  a  short 
period  of  time.  Even  so,  energy  must  be  stored  during  this  brief  period  in  order  to  sustain  electri- 

cal power  aboard  the  vehicle.  Ken  and  his  fellow  workers  believe  they've  solved  the  problem. 
They  are  testing  a  system  which  utilizes  the  phenomenon  of  the  latent  heat  of  fusion.  Salts  of 

some  metals,  when  changing  from  liquid  to  solid  state,  release  large  amounts  of  thermal  energy. 

This  heat  provides  for  continued  accessory  power  where  there  is  no  sun.  The  Solar  Mechanical 

Engine  is  but  one  of  four  important  Space  Power  Systems  for  which  Sundstrand  has  been  given 

the  responsibility  of  development.  ■  Each  day,  engineers  at  Sundstrand  are  confronted  by 

such  vexing  problems  as  the  containment  of  highly  corrosive  liquid  metals,  finding  adequate 

methods  for  operating  in  Zero  G  environment,  and  liquid  metal  journal  bearing  performance. 

■  Still,  never  let  it  be  said  that  Sundstrand  employees  live  with  their  heads  in  the  clouds.  They 

appreciate  the  permanent,  ideal  working  conditions . . .  Colorado's  exceptional  recreational 
opportunities ...  the  friendly,  congenial  Mile-high  surroundings.  And  most  of  all,  they  are 
enthusiastic  about  the  myriad  challenges  that  confront  them  daily.  Each  has  the  satisfaction 

of  knowing  that  he  is  taking  an  active  part  in  the  conquest  of  space.  ■  If  YOU  are  a  qualified 

space  age  engineer  or  technician  and  would  like  to  meet  the  challenges  of  tomorrow,  act  today' 
Apply  in  person  or  send  a  resume  of  qualifications  to: 

SUNDSTRAND  aviation  •  denver A  Division  of  Sundstrand  Corporation 
2480  West  TOth  Avenue,  Denver  21,  Colorado 
SUNDSTRAND  IS  AN  EQUAL  OPPORTUNITY  EMPLOYER 
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MILITARY  COMMAND  TECHNOLOGY..,  A  NEW  SCIENCE  FOR  NATIONAL  DEFENSE 

Systems  that  instantly  provide  the  military  Commander 
with  the  information  necessary  for  decision. 

Systems  to  enable  the  Commander  to  control 
all  his  forces  under  any  conditions. 

This  is  the  purpose  of  Military  Command  Technology. 
It  is  the  work  carried  out  at  MITRE. 

It  includes  command  systems,  control  systems, 
intelligence  systems,  warning  systems,  and 

support  systems.  It  encompasses  a  vast 
network  of  interrelated,  constantly  evolving 

systems  that  protect  our  country. 

The  designer  of  these  systems  must  be  able  to 
visualize  how  war  would  be  fought.  He  will  work 

closely  with  the  nation's  top  policy  makers. 
He  will  help  solve  the  problems  of  military  command 

—  nature,  deployment,  and  use  of  weapons; 
war-plans;  control  of  forces;  missions; 

logistics;  support  and  intelligence  operations. 
But,  most  important  —  he  must  be  able  to  apply 

existing  and  predictable  technology  to  the 
abstract  problems  of  future  military  command. 

Military  Command  Technology,  in  short,  is  a  systems 
engineering  task  of  overwhelming  importance. 

MITRE  has  men  who  can  get  the  job  done.  And 
there  is  room  at  MITRE  for  more  such  men 

top  professionals  who  feel  they  want  to  serve  their 
country  in  a  vital  area.  There  are  key  assignments 

available  in  system  analysis  and  planning; 
intersystem  integration;  general  system  engineering; 

initial  system  design;  and  research  and 
experimentation.  Facilities  are  at  Bedford,  Mass.; 

Washington,  D.  C;  Colorado  Springs. 

If  you  feel  you  can  advance  this  new  science, 
you  are  urged  to  write  in  confidence 

to  Vice  President  —  Technical  Operations, 
The  MITRE  Corporation,  Box  208, 

Dept.  WC 12  Bedford,  Mass. 
THE  I 

MITRE  I 

MITRE  is  an  independent,  nonprofit  corporation 
working  with  —  not  in  competition  with  | 

—  industry.  Formed  under  the  sponsorship  of  | the  Massachusetts  Institute  of  Technology, 
MITRE  serves  as  Technical  Advisor  to  the  i 

Air  Force  Electronic  Systems  Division 
and  is  chartered  to  work  for  such 

Other  Government  agencies  as  FAA.  : 
An  Equal  Opportunity  Employer  ! 
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2000 

CHANNELS CHANNEI 

of  real-time  datafrec ecording  in  a 

SINGLE  SYSTEM 
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3St  advanced  analog  telemetry  systems  in 
assigned  and  built  by  EG&G  for  the  co 

;  test  Instrumentation  of  experimental 
ictors  at  the  Nevada  Test  Site, 
mn  approximately  1%  on  all  channels  i 
isjtomatic  monitoring  system  which  ch 
,-0Q  channels  per  hour.  There  are. few  lim 
umber  of  reactor  performance  parameWMB 
treasured  and  recorded  and  the  system's 

icand  ASW  instrumentation  ...  in  radiation  measure- 
in  the  development  of  ultra-high  performance 

struments  and  components  .  .  .  EG&G  is  making  original 
d  highly  effective  contributions  to  thft  state  of  the  art.  An 
formative,  illustrated  brochure,  which  describes  the 
readth  and  depth  of  EG&G's  capabilities,  is  available  on 
equest. For  information  on  employment  prdspects  with  this 
unique  and  vigorous  organization,  write  in  confidence  to 
Elton  Harris  in  Boston.  All  qualified  applicants  will  receive 
consideration  for  employment  withoutregard  to  race,  creed, 
color  or  national  origin. 

5ERTON,  GERMESHAU  SE  N  &  GRIER,  INC. 
it  AVENUE.  BOSTON  15.  MASSACHUSETTS'        •         Tel.  COptey  7-9TM         •         CABLE:  EGGINC  BOSTON;  TWX:  BSKM 

wESTEft-i  OPERATION:  :  P.  0.  BOX  !3!2,  Lis;  Vegas.  Nsy.  -  Santa  Barbara  Airport.  P.. 0.  BOX  9?..  Goleta,  Calif. 
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RFI  ANALYSIS  &  PREDICTION 

BY  COMPUTER! 
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Any  equipments  or  components  you  are  producing 

for  missile  weapons  systems  can  be  analyzed  for 

Radio  Frequency  Interference  by  Capehart's 

interdict*  Group.  Under  our  analysis  procedures, 

RFI  is  computer-predicted  on  finished  products, 

prototypes,  or  preliminary  designs.  Every  item  of 

electronic  equipment  which  produces  radiated  or 

conducted  RF  signals  is  considered  a  transmitter, 

and  every  electronic  equipment  which  is  subject  to 

malt  unction  as  a  result  of  exposure  to  conducted  or 

radiated  spurious  signals  is  considered  a  receiver. 

We  will  make  specific  recommendations  and  provide 

design  changes  to  bring  your  equipment  within  the 

RFI  specifications  or  inform  you  if  it  is  already 

within  standards.  Capehart's  interdict  Group  per- 

forms this  same  service  for  any  other  type  of  instal- 

lation, site  or  system  where  RFI  may  be  a  potential 

problem.  Our  approach  in  RFI  diagnosis  of  over-all 

operational  requirements  utilizing  computer  pro- 

gramming has  been  proven  on  a  number  of  elec- 

tronic equipments,  missile  systems  and  military  sites 

including  Cape  Canaveral  and  Vandenberg  AFB. 

^  Interference  Detection  and  Interdiction  by  Countermeasures  Team 

COMPLIANCE  WITH  CURRENT  MIL  SPECS:  MIL-I-26600  •  MIL-I-6051  •  MIL-I-6181D 

Engineers  interested  in  joining  Capehart's  INTERDICT  Group,  or  in  other 
opportunities  at  Capehart,  are  invited  to  contact  our  Professional  Recruiter, 
at  the  address  below. 

CORPORATION 

INTERDICT  GROUP.  Dept.  N.  CAPEHART  CORPORATION 

87-46  123rd  Street.  Richmond  Hill  18.  New  York  •  Hickory  1-4400 
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VicIoR  GD90B  and  GD100B  Series  Regulators 

offer  you  3  methods  of  control 

to  fit  your  requirements 

GD92Band  GD102B 
REGULATORS 
controlled  by: 

1 1 

if 

w 
LV20 BV20 
LOAD BLEED 
VALVE VALVE 

Stainless  steel  or  bronze  with 
stainless  trim. 
For  panel  mounting. 
Inlet:  10,000  psig. 
Provides  economical,  positive, 
independent  valve  control. 

SPECIFICATIONS 

Flow:  GD90B  Series  to  15.000  scfm. 
GDIOOB  Series  to  45,000  scfm. 

Materials:  Bronze,  stainless  steel, 
or  aluminum. 
Characteristics:  Compensated  type, 
constant  outlet  pressure. 
Actuation:  Dome  loaded. 
Inlet  pressure:  6,000  psig. 
Proof  pressure:  12,000  psig. 
Burst  pressure:  24,000  psig. 
Operating  temp.:  -67°  F.  to  +  160°  F. 
Storage:  —80°  F. 
Leakage:  Zero. 

"O"  Ring  and  diaphragm  material: Neoprene. 
Seat  material:  Nylatron-GS, 

GD93Band  GD103B 
REGULATORS 
controlled  by: 

LR  SERIES 
LOADER  REGULATORS 

Bronze,  aluminum- Inlet:  7,000  psig. 
Stainless  steel  — Inlet:  10,000  psig. 
Outlet  range:  From 25-7,000  psig. 
Outlet  range  on  stainless: 25-10,000  psig. 
Flows:  To  20  scfm. 
Torque:  40  in.  lbs.  at  7,000  psig. 

60  in.  lbs.  at  10,000  psig. 
Provides  accurate,  safe,  pilot 
regulator-type  control. 

GD94B  and  GD104B 
REGULATORS 
controlled  by: 

LV10 

LOADER  VALVE 

Bronze,  stainless  steel, 
aluminum. 
Inlet  and  outlet:  7,000  psig. 
Flow:  To  10  scfm. 
Provides  simple,  finger-tip 
valve  control.  Loads  30° 
clockwise;  bleeds  30° counter-clockwise;  returns  to 
neutral  automatically. 

VICTOR  high  pressure  gas  regulators  are  cleaned, 
assembled,  tested  and  packaged  under  carefully  con- 

trolled conditions  to  insure  maximum  product  reli- 
ability. Cleaning  is  performed  to  Victor  standards  or 

to  customer  specifications  in  a  clean  room  approved 
by  industry  and  military  agencies. 

Regulators  shown  here  are  typical  of  the  available 
models  covering  a  range  of  pressures  to  10,000  psig. 
and  capacities  to  80,000  scfm.  at  -67°  F.  to  +250°  F. 
Other  types,  sizes,  and  modifications  for  special 
applications,  available  upon  request  outlining  your 
requirements.  For  further  information,  Bulletins  on 
above  models  available  on  request;  or  write  for  Regu- 

lator Inquiry  Form  361-B. 

GD91B  and  GD101B 
REGULATORS 

Remotely  controlled 
by  any  of  the  control devices  shown  here.  , 

LOCKUP  and  FLOW 
CHARACTERISTICS 

LOCKUP  PRESSURE -  AFTER  SETTING  TO 
FLOW  CONDITIONS 

*Po  BEFORE  RESETTING 

0  50%  100% OCKUP  OPEN  OPEN 
VALVE  POSITION 

Compensated  gas-o-dome regulator  operated  with  load &  bleed  valves  or  LVIO loader  valve 

LOCKUP  SET  PRESSURE 

0  50%  100% LOCKUP  OPEN  OPEN 
VALVE  POSITION 

Compensated  gas-o-dome regulator  operated  with loader  regulator 

WOE 

for  regulators 
YicIoR  Equipment  Company' 844  Folsom  Street,  San  Francisco  7 

3821  Santa  Fe  Ave.,  Los  Angeles  58  •  1145  E.  76th  St.,  Chicago  19 

Monufocturer: 
regulators;  < rods;  blast! straight-line  or track,  and  idle 

of  high 
elding  & re  and  large  volume  gas 

g  equipment;  hardfacing alt  &  tungsten  castings; 
g   machines;   tractor  roller. 



HOLOCAUST! 

A  missile  site  disaster  that  fire-resistant  fluids  from  Monsanto  can  stop  before  it  starts 

Flame,  red-hot  surfaces,  electrical  discharge  sparks  bespeckle  missile  launching  sites.  An  electrical  short 
can  burn  through  a  fluid  line  to  ignite  a  flammable  hydraulic  fluid!  A  flammable  transformer  oil  spewing 
from  a  ruptured  power  transformer  can  contact  an  electrical  arc  to  burst  into  flame!  A  flammable  hydraulic 
fluid  under  high  pressure  in  a  lift  or  elevator  can  feed,  intensify,  explode  a  small  fire  into  a  conflagration! 
Avoid  the  risk  of  such  "accidents."  Such  fire  hazards  can  be  prevented  before  they  start.  Monsanto  offers  a 
wide  spectrum  (over  15)  of  fire-resistant  dielectrics,  hydraulic  fluids,  lubricants  ...  for  design  into  trans- 

formers, loaders,  elevators,  compressors,  or  electrical  generating  systems. 
SKYDROL®  FLUIDS  -  the  aviation  Indus-  AROCLOR®  (ASKAREL)  fluids  make  com-  PYDRAUL®  AC  -  gives  you  a  noncombusti 
try  s  standard  fire-resistant  hydraulic  fluids.  In  pact,  efficient  transformers  safe  from  fire  and  ble  air  compressor  lubricant  that  eliminates 
service  for  over  30  million  flying  hours  without  secondary  explosion  hazards.  These  dielectrics  explosive  flash  fires  in  large  reciprocating  air 
one  report  of  fire.  Suitable  for  elevators,  missile  have  served  electrical  utilities  for  over  30  years  compressors.  Noncorrosive  and  nonclogging.  too 
launchers  and  other  high-pressure  hydraulic  uses.         to  make  firesafe  electrical  distribution  systems. 
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Iheck  your  needs 
with  Monsanto's 
-LUIDESIGN  service: 

i.  More  job-proven  functional 
luids  than  any  other  manu- 
acturer  in  the  world 

I.  Design  -  oriented  fluids 
:now-how  to  help  you  devel- 

op safer,  more  compact,  and 
nore  reliable  equipment 

1.  Years-ahead  research  on 
lew  types  of  fluids 

I.  Sophisticated  field  appli- 
:ation  experience  with  fluids 

3e  sure  to  get  your  fact -packed 
luiDesign  file.  Write  on  your 
tterhead  to: 

Vlonsanto  Chemical  Company 
Organic  Chemicals  Division 
=luiDesign  Service  Dept.  202-N 
t.  Louis  66,  Missouri 

Missile/ Space  Week 

(Continued  from  page  19) 

supersonic  commercial  transport  and 
a  military  V/STOL  aircraft. 

Here  is  the  breakdown:  1)  Air- 
craft and  Missile  Technology :  Ad- 
vanced research,  Supersonic  commer- 

cial transport— $18  million,  V/STOL 
aircraft — $4.5  million,  Multicapacity 
aircraft — $4.5  million,  Hypersonic 
aircraft — $3.0  million.  Advanced 
Technical  Development — $9.5  million, 
Flight  programs,  B-58  flight  simu- 

lation of  supersonic  transport  op- 
erations—$1.6  million,  B-70  flight 

simulation  of  supersonic  transport 
operations — $1.5  million,  X-15  hyper- 

sonic environment  studies — $8.0  mil- 
lion, V/STOL  aircraft— $1.9  million. 

2)  Spacecraft  Technology:  Ad- 
vanced research  and  technology — 

$30.9  million,  Flight  programs — 
$23.2  million. 

3)  Launch  vehicle  technology: 
Advanced  systems  studies — $7.4  mil- 

lion, Vehicle  technology — $24.2  mil- lion. 

4)  Launch  Operations  Develop- 
ment: Launch  operations  studies — 

$2.9  million,  Advanced  instrumenta- 
tion— $0.3  million,  Range  support 

operations — $18.2  million. 
5)  Nuclear  Systems  Technology: 

Advanced  research — $15.3  million. 
Advanced  technical  development — 
$73.7  million,  Flight  programs — 
$33.9  million. 

6)  Electronic  propulsion:  Ad- 
vanced research — $12.1  million,  Ad- 
vanced technical  development — $10.7 

million,  Flight  programs — $7.7  mil- lion. 

7)  Liquid  propulsion:  1.5  million- 
lb.-thrust  engine  (F-l)— $55.3  mil- 

lion, 2-million-lb. -thrust  hydrogen 
oxygen  engine  (J-2) — $38.7  million, 
Analysis  and  supplemental  systems 
—$13.7  million. 

8)  Solid  propulsion:  Systems  and 
components  development — $7.9  mil- lion. 

9)  Space  Power  Technology:  Ad- 
vanced research — $6.9  million,  Ad- 

vanced technical  development — $13.2 million. 

Space  Watch  Extended  to  Moon 

A  surveillance  system  to  catalog 
space  objects  both  natural  and  man- 
made  between  nominal,  low-altitude 
orbital  areas  and  the  moon  is  being 

developed  by  the  Air  Force's  Space Track  Research  and  Development 
Facility  at  Hanscom  Field,  Bedford, 
Mass. 

Dr.  Eberhard  W.  Wahl,  acting 
chief  scientist  for  the  project,  says 

-Circle  No.  45 

the  system  "will  have  to  track  any 
natural  'moonlets'  because  until  we 
establish  an  inventory  of  everything 
in  orbit,  we  cannot  tell  if  something 

has  been  added." The  new  surveillance  system, 
Wahl  said,  would  log  the  position 
and  orbit  of  any  satellite  "so  that  if an  unannounced  satellite  not  sent  up 
by  the  United  States  were  discovered, 
SPADATS  can  say  with  certainty, 
'This  is  a  natural  moonlet — or  this  is 

a  foreign  satellite.'  " 

Profits  Quiz  Set  for  April 

The  long-awaited  McClellan  Com- 
mittee probe  into  excess  profits  grow- 

ing out  of  missile  and  space  contracts 
will  open  with  public  hearings  on 

April  3. The  Senate  Investigating  sub- 
committee is  expected  to  hear  Army 

and  Air  Force  testimony  on  present 
procurement  practices  as  well  as 
apparent  "unnecessary  and  exces- 

sive costs"  associated  with  missile contracts. 
Among  those  expected  to  testify 

are  representatives  from:  Aerojet- 
General  Corp.,  the  Boeing  Co.,  Con- 

solidated Western  Steel  Div.  of 
United  States  Steel  Corp.,  Douglas 
Aircraft  Co.,  FMC  Corp.,  Fruehauf 
Trailer  Co.,  General  Dynamics/As- 
tronautics,  International  Telephone 
and  Telegraph  Corp.,  Lear,  Inc., 
Thiokol  Chemical  Corp.,  Western 
Electric  Co.,  Westinghouse  Electric Corp. 

Slayton  Decision  Criticized 
Astronaut  Donald  K.  Slayton  has 

been  removed  as  pilot  of  the  MA-7 
Mercury  flight  because  of  a  minor 
heart  defect. 

It  is  still  possible,  however,  that 
he  will  be  available  for  later  manned 

space  flights. NASA  announced  March  15  that 
Slayton  had  been  ruled  out  as  pilot 
for  the  next  Mercury  three-orbit 
flight. 

The  space  agency  said  he  would 
be  replaced  by  Astronaut  M.  Scott 
Carpenter,  who  served  as  backup 
pilot  for  John  Glenn,  Jr.,  in  the  first 
orbital  flight  on  Feb.  20. 

NASA  said  that  the  heart  defect 
was  first  discovered  in  December, 
1959,  during  one  of  the  periodic 
medical  examinations  given  all  the 
astronauts. 

It  was  decided  at  that  time,  the 
space  agency  said,  that  Maj.  Slayton 
should  continue  in  the  program  but 
that  "the  condition  should  be  moni- 

tored closely." The  condition  was  described  as 
25 
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an  "erratic  heart  beat."  It  was  re- 
viewed by  an  Air  Force  medical  team 

and  a  group  of  civilian  cardiologists 
who  agreed  that  Slayton  should  not 
make  the  flight. 

Deputy  Administrator  Dr.  Hugh 
L.  Dryden  said  Slayton  was  kept  in 
the  program  because  medical  authori- 

ties earlier  believed  that  the  condition 
would  not  interfere  in  the  perform- 

ance of  his  duties. 

As  the  date  for  Slayton's  flight 
approached,  Dryden  said,  responsible 
officials  had  to  face  up  to  the  possi- 

bility of  failure  during  the  flight  and 
decided  to  take  no  chances. 

Dryden's  comments  did  little  to blunt  the  criticism  hurled  at  NASA 
because  of  the  incident. 

Much  of  the  criticism  was  cen- 
tered on  the  belief  that  NASA  should 

not  have  waited  to  make  the  decision 
until  after  Slayton  had  been  named 
to  make  the  flight. 

The  MA-1  mission  is  still  tenta- 
tively scheduled  for  early  May. 

Vacuum  Test  Facility  Expanded 

Nine  space  chambers  capable  of 
reaching  lO-1"  torr  and  ranging  in 
size  from  3  to  50  ft.::  are  in  opera- 

tion at  National  Research  Corp.'s 
Space  Vacuum  Lab.  This  multiple 
test  ability,  first  of  its  kind  in  the 
U.S.,  permits  valid  comparisions  of 
systems  in  addition  to  a  capability 
of  handling  several  systems  at  once. 

Thermal  cycling,  solar  radiation, 
motion,  cryogenic  and  extremely  high 
temperatures  can  be  introduced.  NRC 
is  working  on  a  new  chamber  aimed 
at  reaching  lower  pressures  than  any 
current  test  facility. 

Laser  "Moon  Bounce"  Planned 
Scientists  at  the  University  of 

Michigan  have  announced  plans  to 
attempt  to  bounce  a  Laser  beam  off 
the  moon  and  pick  up  its  reflection, 
if  any,  back  to  earth. 

Using  a  synthetic  ruby  laser,  the 
needle-thin  beam  of  light  hopefully 
will  make  the  round-trip  to  the  moon 
and  back  in  2%  seconds,  having 
bounced  off  one  of  the  moon's  highly 
reflective  craters,  in  the  process. 

The  experiment,  according  to  Pe- 
ter A.  Franken,  Physicist  on  the 

University  staff,  is  a  prelude  to 
bouncing  Laser  beams  off  orbiting 
satellites  to  study  such  things  as  the 
speed  of  light  and  radio  waves  in  a 
vacuum. 

The  experiment  is  scheduled  to 
get  underway  in  a  week  or  so, 
Franken  said. 
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GENERAL  DYNAMICS  |  CONVAIR 
HONEYCOMB  AND  METAL  BOND 

MANUFACTURING 

Rigid  control  and  precision  craftsmanship  are  inherent  in  Convair's 
production  of  honeycomb  and  metal  bond  panels.  The  operation 
includes  all  processes  from  honeycomb  core  machining  to  detail 
prefitting,  surface  treatment,  controlled  environment  layup,  press- 

ing and  autoclaving.  Aluminum  honeycomb  core,  and  cores  of  foam 
with  aluminum  sheet,  glass  fabric  laminate  and  sheet  plastic  for 
facings,  are  fabricated  for  primary  and  secondary  structures  as  well 
as  for  trim  and  decorative  applications.  After  routing  and  milling, 
polyglycol  is  poured  into  the  cells  to  stiffen  the  core.  The  machining 
area  is  also  equipped  with  a  specially  designed  band  saw  for  con- 

touring large  blocks  of  honeycomb  core.  Kits  of  prefitted  assemblies 
undergo  surface  treatment,  priming,  and  complete  preparation  for 
curing  before  being  autoclaved  or  press  cured.  The  entire  manufac- 

turing area  is  kept  free  of  contamination  by  compressed  air  and  a 
large-volume  vacuum  system. 

Equipment  essential  to  Convair's  production  of  honeycomb  and 
metal  bond  is  listed  at  right 

HONEYCOMB  AND  METAL  BOND  EQUIPMENT  (33) 

Aluminum  parts  are  primed  for  curing  in  this  large  spray  booth 
adjacent  to  the  surface  treatment  tanks.  Water  spray  in  the 
background  circulates  continually  to  eliminate  fumes. 



A  honeycomb  panel,  under  a  protective  covering,  enters  one  of  two 
gigantic  autoclaves  for  the  pressure  curing  process. 





An  efficient  overhead  handling  system  facilitates  the  movement  of  aluminum  parts  through  surface  treatment  tanks. 

Illustrated  on  front  cover: 
Horizontal  band  saw,  built  to  Convair's  specifications, for  delicate  contouring  of  honeycomb  materials. 
(left) 

Aluminum  honeycomb  panels  are  handled  with  white  gloves  during 
layup  to  protect  the  intricate  and  sensitive  structures  from 
perspiration  and  body  oils. 
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As  a  pioneer  in  many  phases  of  aerospace  development.  Convair  has 
acquired  the  experience,  skilled  personnel  and  specialized  equipment 
compatible  with  the  highest  standards  of  precision  manufacturing  and 
production  engineering.  Convair's  extensive  and  versatile  facilities, located  on  284  acres  of  land  in  San  Diego.  California,  are  easily  acces- 

sible to  the  aerospace  industry  and  other  major  manufacturing  inter- 
ests. Subcontract  capacities  at  Convair  include  Machine  Shop  •  Sheet 

Metal  Fabrication  •  Tool  Manufacturing  •  Scotchweld  Bonding  •  Plastic 
Parts  Production  •  in  addition  to  Honeycomb  and  Metal  Bond  Manufac- 

turing. Convair's  progressive  program  also  embraces  Applied  Manu- facturing Research  and  Experimental  Manufacturing  and  Processing. 
Quality  Control  assures  meticulous  attention  to  detail  in  every 
procedure,  while  Aircraft  Ground  Handling  and  Overhaul  provides  a 
specialized  follow-up  function. 

These  subcontract  capabilities  are  described  in  other  brochures 
available  from : 

Director  of  Marketing 
General  Dynamics/Convair RO.  Box  1950 
San  Diego  12,  California 
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Streaking  upward,  the 
military  space  budget 

accounts  for  the  biggest 
single  increase  in  Dept.  of 
Defense  spending  this  next 
year.  In  this  special  issue, 

Missiles  and  Rockets  surveys 
the  nation's  military 

space  capability. 

;ystems 

Part  I,  a  look  at  the 
budget  and  plans  for  the 
military  space  systems  of 
the  three  services  .  .  .  de- 

tails of  spacecraft  under 
development  and  planned 
for  the  future  ...  a  survey 
of  the  latest  developments 
in  electronics,  materials, 
auxiliary  power  units,  pro- 

pulsion and  bioastronautics 
.  .  .  reports  on  military  pro- 

curement and  cooperation 
between  Dept.  of  Defense 
and  the  National  Aeronau- 

tics and  Space  Administra- tion. 

Part  II,  a  report  on  the 
nation's  military  space  cen- 

ters, begins  on  p.  87. 

LAUNCH  OF  A  DISCOVERER — 
Part  of  a  series  regarded  as 
representing  one  of  most  successful 
U.S.  efforts  to  date. 

31 



MILITARY  SPACE 
AIR  FORCE 

THE 

AIR  FORCE 

SPACE  TODAY  is  mankind's  newest  frontier.  It  is  a  vast 
realm  that  offers  the  promise  of  untold  benefits.  It  challenges 
us  not  merely  to  discover  new  knowledge  but  also  to  insure  that 
this  knowledge  is  used  wisely  for  the  benefit  of  all  mankind. 

To  meet  this  challenge  the  United  States  must  give  every 
encouragement  to  the  rapid  advance  of  space  technology  and 

its  adaption  into  operational  space  systems,  both  unmanned 
and  manned. 

The  urgency  of  the  task  to  be  done  in  space  requires  the 

greatest  wisdom  in  the  use  of  personnel,  facilities,  and  tech- 
nical knowledge. 

The  conduct  of  future  military  operations  in  space  depends 
on  developments  in  a  number  of  specific  technological  areas. 
These  include  launch  vehicles;  propulsion  in  space;  aerospace 

medicine;  environmental  data;  rendezvous,  docking,  and  trans- 

fer; in-space  power  supplies;  sensors;  communications;  re-entry 
and  recovery  techniques;  weapons;  and  command  and  control. 

Through  its  programs  in  these  areas  of  technology  the  Air 
Force  Systems  Command  carries  out  its  mission  of  forging 
military  spacepower.  At  the  same  time  its  continued  close 

cooperation  with  the  National  Aeronautics  and  Space  Ad- 
ministration and  other  government  agencies  helps  insure  the 

timely  attainment  of  all  our  national  objectives  in  space.  ■ 

SPACE 

MSSON 



NEVER  BEFORE  in  history  has  there  been  a  field  of 

endeavor  so  potentially  crucial  to  the  fate  of  man  as  our  race 
with  the  Communists  for  space  supremacy.  Upon  our  winning 
this  race  rests  the  hope  of  free  men  everywhere.  Our  mighty 
nation  can  and  will  surpass  the  Communists  in  space.  We  will 
do  it  in  a  team  effort  by  NASA  and  all  of  the  military  services. 
It  will  take  the  combined  talents  of  all  to  accomplish  this  task. 

The  Army,  as  a  partner  on  this  team,  has  historic  interests 
in  exploration,  dating  back  to  the  opening  of  the  West.  Despite 
the  advent  of  air  vehicles,  irrefutable  is  the  fact  that  new 

frontiers  can  only  be  controlled  and  developed  by  man  on  the 
ground,  mapping,  clearing  and  building.  Although  modern 
technology  has  facilitated  his  task,  it  has  not  replaced  him. 

The  Army  retains  clear  capabilities  on  the  ground  or  sur- 
face, which  can  contribute  mightily  to  the  national  space  effort. 

Indeed,  the  first  American  to  land  on  the  moon  or  a  distant 

planet  may  hold  in  his  hand  a  map  prepared  by  our  Corps  of 
Engineers,  he  may  communicate  with  earth  through  systems 
developed  with  Signal  Corps  assistance.  The  development  of 
the  food  he  eats,  the  clothing  he  wears,  the  shelter  he  uses,  and 
the  means  of  surface  conveyance  can  well  be  the  contribution 
of  the  United  States  Army. 

There  is  no  better  way  to  make  manifest  our  great  national 

spirit  than  to  unite  all  Americans  in  calling  forth  and  integrat- 
ing our  vast  resources,  our  limitless  talents,  our  incomparable 

ingenuity,  in  meeting  and  mastering  the  Communist  challenge 
in  space. 



MILITARY  SPACE 
NAVY 

NAVY 

MISSION 

IN 

SPACE 

THE  MISSION  of  the  Navy  is  to  provide  the  United 
States  an  effective  capability  to  project  our  national 
power  swiftly  to  all  parts  of  the  world  and  conduct  sus- 

tained operations  in  any  ocean.  Ships,  aircraft,  missiles, 
and  people  are  the  vital  ingredients  that  make  up  our 
powerful  Naval  Forces. 

The  use  of  space  will  inevitably  increase  the  Navy's 
ability  to  do  its  job  better.  We  are  about  as  far  advanced 
into  the  space  age  now  as  we  were  50  years  ago  in  the 
aviation  age.  Everyone  is  aware  of  the  tremendous  in- 

crease in  capability  that  resulted  from  the  use  of  the 
aircraft  by  the  Fleet.  We  expect  a  comparable  increase 
to  result  from  our  use  of  space  in  the  future. 

With  respect  to  the  Department  of  Defense  activities 
assigned  to  the  Navy,  there  are  several  that  should  be 
mentioned.  One  is  the  Pacific  Missile  Range,  managed 
by  the  Navy,  which  supports  in  one  way  or  another  most 
of  the  missile  and  space  projects  in  the  United  States, 
both  civilian  and  military. 

Under  Project  LOFTI,  the  Navy  conducts  communi- 
cation experiments  in  the  very-low-frequency  range.  The 

Navy  space  surveillance  system  (SPASUR)  is  a  vital 
component  of  the  North  American  Air  Defense  Com- 

mand. SPASUR  keeps  track  of  all  the  satellites  and  space 
"junk"  which  cross  this  country. 

The  Navy  participates  actively  in  the  United  States 
meteorological  satellite  programs,  operating  one  of  the 
terminals  of  the  Tiros  system  at  the  Pacific  Missile  Range. 
The  Navy  is  coordinating  closely  with  NASA  to  insure 
that  Naval  ships  will  have  direct  read-out  from  weather 
satellites. 

In  the  scientific  area,  we  have  the  Solar  Radiation 
and  the  Injun  Programs,  by  which  we  conduct  a  broad 
program  of  space-environment  research. 

One  of  the  great  advantages  of  sea  power  is  mobility. 
The  Navy  is  conducting  work  in  developing  sea-launching 
techniques  (HYDRA)  and  studies  in  shipboard  launch- 

ing techniques. 
The  Navy  continues  its  contributions  to  navigation 

through  Project  Transit.  The  Navigation  Satellite  will 
provide  world-wide  day  and  night  high-precision  naviga- 

tional information  when  it  becomes  operational  in  fiscal 
year  1963.  Two  Transit  satellites  have  used  our  first 
nuclear  power  supply  in  space,  the  SNAP  III  Isotopic 
Thermoelectrical  Generator. 

Looking  toward  the  future,  the  Navy  intends  to  in- 
fluence the  design  characteristics  of  proposed  national 

space  systems  to  meet  naval  requirements.  We  also  will 
continue  to  conceive  and  propose  for  development  by 
the  Navy  those  space  systems  serving  a  predominant 
Navy  requirement  or  utilizing  unique  Navy  talents  or 
capabilities.  ■ 



In  orbit  on  February  20,  1962 

the  attitude  of  Friendship  7,  was  controlled  manually 
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SATELLITE  AND  SPACE  SYSTEMS  SPECIALISTS 

Here  at  Lockheed  Missiles  and  Space  Company,  satellites  and  spacecraft 
are  a  specialty.  From  research  to  the  reaches  of  space,  the  whole  scope  of 
space  technology  is  being  carefully  investigated. 

All  aspects  of  research,  systems  analysis,  design,  development  and 
operation  are  handled  by  outstanding  engineers  and  scientists  at 

Lockheed's  Research  Laboratories  in  Palo  Alto,  and  in  the  development 
headquarters  in  nearby  Sunnyvale,  California. 

Typical  of  Lockheed's  complete  capability  is  the  DISCOVERER  series. 
This,  with  its  recoverable  capsule,  is  used  to  gather  research 
material.  Other  military  and  commercial  satellites  and  spacecraft  under  study, 
under  development,  or  in  operation,  include: 

An  infrared  missile  defense  alarm  system  •  Sophisticated  orbiting 
biomedical  capsules  •  Lunar  probes  •  Interplanetary  exploration  programs 
A  space  rendezvous  system  •  Nuclear  and  other  advanced  propulsion  systems 
Communications  satellite  systems 

It  is  clear  that  the  projects  at  Lockheed  Missiles  and  Space  Company  are 
challenging.  Moreover,  its  location  on  the  beautiful  San  Francisco 
Peninsula  adds  gracious  living  and  perfect  climate  to  the  many  rewarding 
opportunities  available  to  creative  engineers  and  scientists. 

For  further  information,  please  write:  Research  and  Development  Staff, 

Dept.  M-32B,  599  Mathilda  Avenue,  Sunnyvale,  California. 
An  Equal  Opportunity  Employer. 

LOCK  Mi MtSStLES  &  SPACE  COMPANY 
A  GROUP  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 

Systems  Manager  for  the  Navy  polaris  fbm  and  the  Air  Force  agena  Satellite  in  the  discoverer  and  mid  as 
programs.  Other  current  programs  include  saint,  advent  and  such  nasa  projects  as  ogo,  oao,  echo,  and  nimbus. 



MILITARY  SPACE 
BUDGET  AND  PLANS 

Budget  May  Outstrip  NASA's  by  70 

Unofficial  industry  estimates  put  DOD  space  funding 

at  $30  billion  over  decade;  Air  Force,  DOD  debate  man-in-space  role 

THE  DRIVE  for  a  bigger  military 
space  budget — expected  to  surpass  that 
of  the  National  Aeronautics  and  Space 
Administration  within  the  decade — is 
under  way. 

More  than  $1.4  billion  in  govern- 
ment research  and  development  money 

will  be  poured  into  work  on  military 
space  systems  in  the  coming  fiscal  year. 
Already,  this  approaches  half  of  the 
NASA  space  budget.  Military  astro- 

nautics makes  up  the  largest  single  in- 
crease in  the  Fiscal  1963  Department 

of  Defense  budget,  rising  some  $300 
million  above  Fiscal  1962  and  $600  mil- 

lion above  Fiscal  1961. 
The  increase  is  stemming  from  a 

jump  in  spending  on  such  projects  as 
Discoverer,  Dyna-Soar,  Satellite  Inspec- 

tor, SPADATS,  Samos  and  Midas  re- 
connaissance satellites,  the  Titan  III 

space  booster,  and  Advent  and  Transit 
communication  and  navigation  satellites. 

Most  of  the  spending  today  is  going 
into  unmanned  systems  for  reconnais- 

sance, communications  and  navigation. 
With  the  Air  Force  driving  for  a  bigger 
role  in  space,  funding  for  manned  space- 

craft development  and  for  defensive  and 
offensive  weapon  systems  can  be  ex- 

pected to  increase,  despite  some  Depart- 
ment of  Defense  opposition. 

•  AF  dominant — Well  over  90%  of 
military  space  funding  today  goes  to 
the  Air  Force.  Only  major  exceptions 
are  some  $75-100  million  going  into 
the  Army's  Advent  program  and  $50 
million  for  the  Navy's  Transit  and  other 
programs. 

This  Air  Force  dominance  will  con- 
tinue. Under  the  March  6,  1961,  direc- 

tive of  Secretary  of  Defense  Robert 
McNamara,  the  Air  Force  has  been 
assigned  responsibility  for  all  DOD 
space  programs,  with  exceptions  only 
in  "unusual  circumstances." 

The  decision  to  give  the  Air  Force 
a  larger  role  in  the  NASA  manned 
lunar  program  also  will  have  a  signifi- 

cant effect  on  the  role  played  in  space 

by  the  military,  (see  p.  52).  Long-term 
effect  of  this  marriage  will  be  increased 
spending  with  industry  by  the  Air  Force 
— as  military  requirements  develop  from 
the  Apollo  project  and  as  NASA  and 
Air  Force  objectives  blend. 

There  is,  to  date,  little  in  the  Air 
Force  budget  for  manned  space  flight. 
But  AF  planning  projected  across  the 
decade  calls  for  significant  and  large- 
scale  increases  in  this  area. 

Air  Force  leaders,  faced  with  a 
growing  Soviet  military  space  threat, 
are  carrying  their  fight  for  a  bigger 
manned  space  program  to  Congress  in 
an  effort  to  overcome  DOD  opposition 
(M/R,  Mar.  5,  p.  12). 

DOD's  position,  as  stated  by  Assist- 
ant Defense  Secretary  John  Rubel,  is 

clear:  "We  cannot  visualize  or  define 
now  a  military  mission  for  a  man-in- 

space." 

•  Rebuttal  —  Strong  exception  to 
this  stand  has  been  taken  by  a  number 
of  Air  Force  leaders: 

—  Air  Force  Systems  Commander 
Gen.  Bernard  Schriever:  "The  ICBM, 
which  is  still  in  its  infancy,  is  the  first 
space  weapon.  It  will  inevitably  be  fol- 

lowed— more  quickly  than  some  people 
realize — by  new  space  weapons  that  are 
more  sophisticated  and  potentially  more 
powerful.  For  this  reason,  the  aero- 

space force  of  tomorrow  must  be  able 
to  operate  in  space  and  to  detect  and 

counter  any  threat  in  that  arena." 
—Strategic  Air  Command  Director 

of  Plans  Maj.  Gen.  Hewett  T.  Wheless: 
"As  air  supremacy  means  control  of  the 
battleground  today,  space  may  eventu- 

ally equate  to  control  of  the  world  .  .  . 
this  may  require  manned  spacecraft 
which  would  orbit  the  earth  in  a  con- 

tinuous air  alert." 
—Director  of  Advanced  Technol- 

ogy, DCS/Research  and  Technology, 
Maj.  Gen.  Marvin  C.  Demler:  "Many 
people  believe  that  future  aerospace 
forces  will  be  primarily  unmanned  mis- 

siles and  satellites.  Yet,  if  we  study  war 

we  find  that  it  always  has  required  that 
man's  unique  capabilities  of  reason, 
judgment,  flexibility  and  adaptability  be 
used  to  the  utmost.  We  feel  strongly 
that  when  the  battlefield  expands  to  in- 

clude space,  our  posture  will  include 
those  craft  operating  both  in  the  aero- 

dynamic and  space  environment.  This 
force  will  be  a  mixture  of  unmanned 

and  manned  vehicles." •  Implications — What  are  the  sig- 
nificant trends  for  industry  which  will 

emerge  from  this  thinking?  First  and 
foremost  is  the  expected  emergence  of 
military  space  as  a  major  market. 

Spending  on  military  space  systems 
could  total  some  $30  billion  over  this 
decade,  a  somewhat  surprising  figure 
until  it  is  realized  that  many  military 
space  programs  now  in  the  planning 
stage  are  highly  classified.  DOD  total 
space  expenditures  are  expected  to  pass 

total  aircraft  expenditures  in  Fiscal  '67- 68  and  to  pass  total  missile  expenditures 
in  Fiscal  '68-69.  These  are  unofficial 
but  conservative  industry  estimates 
based  on  present  military  planning. 

This  would  put  spending  on  military 
space  systems  at  a  level  above  $6-bil- 
lion  in  1970,  or  some  80%  of  the  com- 

bined aircraft/missile  market.  Of  this, 
the  military  might  be  spending  close  to 
$5  billion  with  industry,  compared  to 
an  equal  or  smaller  amount  by  NASA. 

One  of  the  most  important  develop- 
ments: the  merging  of  Air  Force  and 

NASA  efforts.  As  the  Air  Force  attains 
a  stronger  position  in  the  NASA  lunar 
program,  military  and  civilian  projects 
will  be  less  sharply  differentiated.  New 
Air  Force  programs  may  actually 
emerge  from  the  NASA  effort. 

This  trend  already  is  evident  in  Air 
Force-NASA  cooperation  on  rendezvous 
techniques  which  are  applicable  in  the 
manned  civilian  Gemini  program  and 
the  as-yet-unmanned  military  Satellite 
Inspector  program. 

One  result  of  this  blending  of  Air 
Force  and  NASA  facilities,  technology 
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and  funding  could  be  a  similar  consoli- 
dation of  such  manned  programs  as 

Apollo,  Manned  Test  Space  Station, 
Dyna-Soar  I  and  //,  Aerospace  Plane 
(ASP),  Global  Surveillance  System  and 
Saint  II  programs.  A  sharp  difference 
exists,  however,  in  the  requirements  for 
civilian  space  exploration  and  for  mili- 

tary space  defense  and  offense. 
Many  military  leaders  believe  the 

present  space  program  is  misdirected  in 
expecting  military  fallout  from  a  civil- 

ian program.  They  believe  the  emphasis 
should  be  on  military  space  systems 
with  the  civilian  scientific  benefits  to 
follow.  There  is  not  inconsiderable  sup- 

port in  Congress  for  this  view.  It  could 
affect  the  trend  of  space  spending  in  the 
years  ahead. 

One  Air  Force  officer  says  bluntly: 
"There  is  plenty  of  money  in  the  space 
program.  But  the  wrong  agency  has  it." 

DEPARTMENT  OF  DEFENSE 

DOD  is  budgeting  Project  Defender, 
aimed  at  establishing  the  basis  for  a 

future  defense  system  against  ICBM's, 
at  some  $110  million  in  Fiscal  '63.  This 
Advanced  Research  Project  Agency 
(ARPA)  program  thus  will  continue  at 
the  FY  '62  level. 

But  major  emphasis  in  Defender  in 
the  coming  year  will  be  placed  on  devel- 

opment of  a  weapon  systems  concept. 
The  project  thus  is  moving  closer  to  a 
potential  as  an  industry  market. 

Project  Vela,  with  its  Vela  Hotel 
satellite  system  for  space-based  detec- 

tion of  nuclear  explosions,  is  funded 
at  $63  million  in  the  FY  '63  budget 
compared  to  $60  million  in  FY  '62. 
The  program  is  expanding  with  its  move 
into  the  launch  phase  this  year. 

DOD  is  requesting,  in  the  three 
service  budgets,  a  total  of  $445  million 
in  FY  '63  for  the  Atlantic,  Pacific  and 
White  Sands  ranges — which  support  the 
national  space  programs — almost  50% 
more  than  1962.  Principal  increase  is 
for  the  Atlantic  Missile  Range,  primarily 
for  increased  ground  instrumentation 
and  instrumented  ships. 

AIR  FORCE 

Air  Force  space  budget  for  fiscal 
'63  is  set  at  $1,206  billion,  an  increase 
of  $226  million  over  the  Fiscal  '62 
budget  but  some  $250  million  less  than 
requested  by  the  Air  Force. 

Major  portions  of  the  FY  '63  budget 
break  down  this  way  (FY  '62  figures  in 
parentheses) :  Military  space  systems. 
$930  million  ($774  million);  applied 
space  research,  $102  million  ($113  mil- 

lion) ;  advanced  technology  space  re- 
search, $39  million  ($25  million);  mili- 

tary construction  for  space,  $65  million 
($28.5  million);  space  operations  and 
maintenance,  $28  million  ($8  million); 

space  production  funding,  $9  million 
($9.2  million). 

Air  Force  plans  to  contract  out 
90.8%  of  its  budget.  Only  $110.4  mil- 

lion will  be  spent  in-house,  according  to 
the  Air  Force,  with  the  remainder  going 
to  industry. 

Spending  by  program  remains  clas- 
sified but  some  project  funding  has  been 

disclosed:  Dyna-Soar  will  show  a  slight 
increase  to  $115  million.  It  was  funded 
at  $100  million  in  FY  '62,  with  the  ad- 

ditional $85.8  million  authorized  by 
Congress  to  be  carried  over  for  appli- 

cation to  the  1 963  figure.  The  Titan  III 
space  booster  building  block  program 
will  get  under  way  at  a  level  of  some 
$50  million,  with  part  of  the  total  solids 
expenditure  of  $80-100  million  going 
to  development  of  solid  engines  larger 
than  the  120-in.  motors  for  Titan  III. 

•  Boost  from  Titan  —  Successful 
initial  launch  on  March  16  of  Titan  II, 
basic  unit  of  the  building  block,  was  a 
shot  in  the  arm  for  the  entire  space 
booster  program.  Titan  III  funding  is 
expected  to  total 
some  $500  million 
over  the  decade. 

The  program 
for  development  of 
a  large  solid  rocket 
as  a  backup  for 
NASA's  initial  lu- 

nar landing  has 
been  dropped,  how- 

ever. This  program 
would  have  cost  be- 

tween $500  and 
$600  million,  ac- 

cording to  Defense 
Secretary  McNa- 
mara  (M/R,  March 
19,  p.  13). 

Emphasis  will  be  on  slower  and  less 
costly  development  of  advanced  tech- 

nology for  big  solid  boosters. 
Funding  of  Aerospace  Plane  is  being 

stepped  up  in  FY  '62  funds  to  some  $19 million.  The  Air  Force  reprogramed 
some  $9  million  of  its  FY  "62  funds  for 
this  purpose,  indicating  a  more  promis- 

ing future  for  ASP.  A  high  Air  Force 
officer  says  more  applied  research  is 
essential  before  any  of  the  ASP  pro- 

posals can  even  be  talked  of  as  a 
system. 

Unofficial  industry  estimates  place 
FY  '63  spending  for  other  programs  at 
these  approximate  levels:  Samos,  $250 
million;  Midas,  $200  million;  Discov- 

erer, $85  million;  Satellite  Inspector, 
$80  million;  SPADATS,  $60  million; 
Global  Surveillance  System,  $35  million; 
Military  Test  Space  Station,  $6  mil- 

lion; Orbital  Weapons  System,  $1.5 
million. 

Maj.  Gen.  Demler,  AF  Director  of 
Advanced  Technology,  said  on  March 
1 5  that  advanced  studies  now  under  way 
on  an  orbital  weapons  system  indicated 

such  a  project  is  feasible.  The  Air 
Force  hopes  to  push  this  program  to 
the  advanced  development  stage — but  is 
likely  to  run  into  DOD  opposition.  Po- 

litical implications  also  might  weigh 
against  it. 

•  $30  billion? — What  is  expected  to 
happen  to  Air  Force  spending  on  space 
for  the  remainder  of  the  decade?  In- 

dustry estimates  predict  total  Air  Force 
spending  of  nearly  $30  billion  on  space 
systems  in  the  1960-70  time  period. 
Some  55%  of  this,  or  $16.5  billion,  is 
expected  to  go  into  strategic  systems 
such  as  Samos,  Satellite  Inspector,  Slo- 
mar,  MTSS,  Global  Surveillance  Sys- 

tem, and  orbital  weapon  systems. 
Approximately  $10  billion  of  the 

overall  Air  Force  budget  is  expected  to 
go  into  intelligence  systems;  $9  billion 
to  defensive  systems.  Some  overlap  in 
these  categories  occurs  in  the  case  of 
programs  such  as  Samos  and  Midas. 

Some  merging  of  programs  can  be 
expected  as  the  decade  progresses.  The 
manned  Saint  II  and  BAMBI  programs, 

Breakdown  of  Air  Force  Space  Budget 
(thousands  of  dollars) 

FISCAL  '62 FISCAL  '63 Major  Space  Systems  RDT  &  E $774,000 
$930,000 Preliminary  Research  for  Space 

Applied  Research 
$113,000 $102,000 Advanced  Technology  Research 
$25,000 

$39,000 Military  Construction  for  Space 
$28,500 $65,000 Operations  and  Maintenance  for  Space 

$22,000 $28,000 Industrial  Facilities  for  Space 

$8,000 
$28,000 Production  Funds 

$9,200 
$9,000 for  example,  could  evolve  into  a  manned 

satellite  system  which  would  possess  a 
reconnaissance  strike  capability  against 
both  ICBM's  and  hostile  satellites. 
Saint  II,  Slomar,  Dyna-Soar  II,  MTSS 
and  Apollo  have  some  common  objec- 

tives which  might  result  in  a  blending 
of  the  programs. 

Expenditure  on  booster  technology 
and  propulsion  for  the  decade  is  ex- 

pected to  total  $2.8  billion.  The  Space 
Launching  System,  formerly  the  Phoenix 
program,  probably  will  accelerate  de- 

spite the  slow  start  dictated  by  recent 
decisions.  Use  of  a  solid  first  stage  in 
the  Nova  booster  for  a  lunar  mission 
still  has  not  been  ruled  out,  and  this 
would  be  an  Air  Force  program. 

Military  Test  Space  Station  has  been 
given  a  high  priority  as  an  Air  Force 
objective.  One  estimate  is  that  spend- 

ing on  this  program  could  reach  as 
much  as  $150  million  as  early  as  1967 
and  continue  to  a  $225  million  peak 
within  two  years. 

"Many  of  the  programs  that  we  have 
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Approved  Navy  Research and  Development  budget  for 
astronautics  and  aviation  medicine  (th ousands  o t  dollars) 

FY  '60 FY  '61 FY  '62 Bioastronautics  and  aviation  medicine: 449 

523 
620 

Bioastronautics 21 I 315 200 
Space  environmental  studies 0 0 850 

TOTAL 660 
838 

1,670 
Other  astronautics: 

TRANSIT  satellite  navigation  system 6,600 21,600 17,000 
SPASUR  space  surveillance  system 0 

4,060 
0 

Space  telecommunications 910 
2,150 4,230 Geodetic  satellite  (ANNA! 0 
5,400 

550 
CREB 0 3,025 0 
Other 0 772 170 

TOTAL 7,510 37,007 21,950 
TOTAL 

8,170 37,845 23,620 

under  way  now  will  soon  require  testing 
of  system  and  subsystems  in  the  true 
space  environment,"  says  Lt.  Gen. 
James  Ferguson.  USAF  Deputy  Chief 
of  Staff  for  Research  and  Technology. 
"We  have  studied  these  testing  require- 

ments, and  we  have  concluded  that  a 
manned  military  test  station  in  space 
provides  the  only  reasonable  solution  to 
the  problems  of  testing  equipment  de- 

signed for  use  in  space.  We  are  con- 
vinced that  a  manned,  military  test 

space  station  program  should  be  under- 
taken as  early  as  possible." 

The  highly-classified  Global  Surveil- 
lance System  might  require  total  fund- 

ing of  some  $2.8  billion  by  the  end  of 
FY  '70.  The  Global  Surveillance  Sys- 

tem is  expected  to  be  an  outgrowth  of 
technologies  developed  in  the  ASP  and 
Dyna-Soar  programs.  As  spending  on 
the  system  increases,  Samos  expendi- 

tures can  be  expected  to  taper  off. 
Again,  some  merging  of  these  programs 
with  Saint  II,  BAMB1,  Apollo  and 
others  can  be  expected. 

•  "We  can't  wait  .  .  ." — What  hap- 
pens in  these  programs  could  depend 

on  what  is  learned  from  MTSS. 
"We've  never  had  a  man  up  there 

taking  his  time  looking  around,"  says 
one  official.  "I  want  him  to  watch  an 
Atlas  being  fired,  watch  the  Cape.  I 
want  him  to  see  what  a  nose  cone  looks 
like.  They  may  have  a  fantastic  signa- 

ture. Once  we  had  that,  we'd  have  90% 
capability  to  destroy  a  warhead.  We 
can't  wait  for  the  scientist.  We  can't 
wait  for  the  chance  discovery  of  some- 

thing we  need  in  the  military.  The  sci- 
entist in  the  satellite  won't  be  watching 

the  Cape.  He'll  be  looking  up.  What 
you  find  depends  on  what  you're  look- 

ing for." Air  Force  leaders  would  like  to  see 
their  space  programs  funded  directly. 
But  if  necessary,  the  Air  Force  will  ride 

into  space  on  NASA's  coattails.  Once 
there,  it  will  develop  programs  of  its 
own  as  military  requirements  become 
clearer. 

ARMY 

THE  ARMY'S  major  and  most  af- 
fluent venture  thus  far  into  military 

space  systems  is  Project  Advent,  an  ex- 
tended R&D  program  to  determine  the 

feasibility  of  active-repeater  satellites 
for  strategic  military  communications. 

The  project,  now  nearing  the  flight- 
test  phase,  is  a  three-service  Department 
of  Defense  effort  conducted  by  the  U.S. 
Army  Advent  Management  Agency. 

•  Fiscal  picture — DOD  has  spent 
roughly  $100  million  on  Advent  to  date 
(not  including  the  FY  '63  figures).  An exact  figure  is  difficult  to  produce,  since 
the  project  accrued  some  costs  of  earlier 
communications  experiments.  Of  the 
total  spending  on  the  program,  an  esti- 

mated 95%  has  gone  out  to  industry. 
This  percentage  is  likely  to  remain  the same. 

The  Fiscal  1963  outlook  for  Advent 
is  not  expected  to  change  dramatically 
over  the  $72  million  allocated  this  year. 
A  request  for  a  modest  increase  over 
FY  '62  funds  has  been  made,  with  the 
final  figure  apt  to  fall  between  $72-100 
million. 

Spending  to  date  on  Advent  has 
been  roughly  divided  between  construc- 

tion of  ground  support  activities  and  the 
design  and  development  of  actual  flight 
hardware.  A  shift  in  emphasis  will  be 
noticeable  in  FY  '63. 

The  installation  of  ground  commu- 
nication facilities  at  Ft.  Dix  and  Camp 

Roberts  was  completed  out  of  FY  '62 
funds,  as  was  the  bulk  of  spending  re- 

quired for  the  shipboard  installation. 
The  new  budget  will  allocate  about  80- 
90%  of  the  total  to  actual  fabrication 
and  procurement  of  flight  hardware  and 
booster  vehicles.  Because  of  this  shift, 
the  major  Advent  procurements  for  this 
coming  year  will  come  through  the  Air 
Force's  SSD. 

•  No  new  contracts — The  Army 
anticipates  virtually  no  new  contracts 
for  Advent  out  of  FY  '63  funds,  except 

to  firms  already  involved  with  the  pro- 
gram. This  policy  should  remain  intact 

until  at  least  the  first  round  of  flight 
tests  are  evaluated. 

FY  '63  and  '64  should  represent 
peak  years  for  Advent  spending,  with 
both  budgets  likely  to  hover  about 
$100-million  per  year.  R&D  spending 
beyond  this  point  should  naturally  taper 
off  as  flight  objectives  are  met. 

Though  extremely  optimistic  about 
the  success  of  Advent,  Army  officials 
feel  it  inappropriate  to  predict  the  out- 

come of  the  overall  program  in  terms 
of  production  and  management  of  an 
operational  system  beyond  the  scope  of 
the  current  project.  Best  guess  is  that 
those  already  in  on  Advent,  including 
industry  and  the  USAAMA,  will  re- 

main in  the  key  roles  despite  some  dis- 
satisfaction— particularly  on  the  part 

of  the  Air  Force — with  the  way  the 
program  is  being  handled. 

NAVY 

The  Navy's  space  program,  funded 
at  a  $24-million  level  for  R&D  in  Fiscal 
1962,  is  expected  to  jump  to  well  over 

$50  million  in  FY  '63. 
The  Navy's  only  major  space  pro- 

gram is  Transit.  The  service  sees  re- 
quirements for  other  space  systems  to 

support  fleet  operations,  however. 
Studies  made  by  the  service  over 

the  past  few  years  have  pointed  up  ten 
space  endeavors  that  the  Navy  feels 
"will  provide  direct  and  significant  im- 

provements to  the  nation's  seapower": —A  space  surveillance  system  such 
as  Spasur — an  electronic  fence  known 
as  the  "Naval  space  surveillance  facil- 

ity" before  it  was  turned  over  to 
NOR  AD  in  November,  1960,  where  it 
has  become  part  of  SPADATS  (space 
detection  and  tracking  system). 

—A  tactical  booster  for  naval  op- 
erations and  suitable  for  sea  launch, 

such  as  the  one  used  in  the  Pogo-Hi 

program. —A  satellite  defense  system. 
—A  navigational  satellite,  Transit. 
—A  geodetic  satellite,  Anna. 
—A  meteorological  satellite,  such  as Tiros. 

—Several  communications  satellites, 

similar  to  the  Army's  Advent. 
—A  global  ground  environment  for 

space  operations. —Research  that  looks  toward  the 
day  when  manned  space  operations  be- 

come vital  to  the  nation's  defense. 
—Space-related  research  that  may 

provide  early  warning  and  protection 
against  submarine-launched  ballistic 
missiles. 

The  total  annual  cost  to  the  Navy  of 
these  efforts  is  not  expected  to  go  be- 

yond $100  million  by  1970,  if  the  efforts 
even  reach  this  figure.  8 
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MILITARY  SPACE 
SPACECRAFT 

Host  of  Craft  in  Orbit  or  Near  Launch 

Next  step  may  be  to  develop  antisatellite  weapons; 

orbital  bombers  loom  beyond;  a  review  of  all  military  programs 

CURRENT  AIR  FORCE  efforts  to 
obtain  backing  for  manned  military 
spacecraft  are  overshadowing  to  some 
extent  an  already  formidable  array  of 
unmanned  spacecraft  which  the  military 
has  placed  in  orbit  or  is  planning  to 
launch  in  the  near  future. 

Emphasis  in  the  programs  to  date 
has  been  on  reconnaissance,  communi- 

cations and  navigation.  Development  of 
spacecraft  thus  is  following  the  same 
pattern  as  that  of  aircraft — which  were 
first  used  for  intelligence-gathering  ac- 

tivities before  they  progressed  to  air-to- 
air  combat  and  bombing  missions. 

The  next  step  is  imminent.  One  Air 
Force  office  already  has  proposed  an 
effort  to  shoot  down  a  U.S.  satellite. 
The  Russians  are  believed  to  be  work- 

ing in  this  field  and  there  is  a  strong 
feeling  that  the  U.S.  should  establish  an 
immediate  capability. 

Beyond  this  are  studies  under  way 
on  defensive  spacecraft  which  could 
knock  down  an  enemy  ICBM  or  satel- 

lite, and  on  orbital  bombing  craft. 
The  growth  of  the  Air  Force  space- 

craft program  has  been  described  this 
way  by  Lt.  Gen.  James  Ferguson, 
Deputy  Chief  of  Staff  for  Research  and 
Technology: 

"In  extending  and  exploiting  space 
flight  technology,  the  Air  Force  will  be 
continuing  the  pattern  of  development 
which  has  led  in  a  single  life-span  from 
Kitty  Hawk  to  Cape  Canaveral;  from 
the  Wright  Brothers'  first  primitive  air- 

plane not  only  to  Mach  3  aircraft  but 
also  through  the  first  air-breathing  cruise 
missiles  to  the  Minuteman  interconti- 

nental ballistic  missile. 

"This  logical  progression  has  al- 
ready led  to  unmanned  satellites  which 

are  now  essential  for  certain  military 
missions.  It  has  led  from  the  X-l  experi- 

mental rocket  aircraft  through  the  X-l  5 
and  is  leading  now  to  the  Dvna-Soar. 
It  will  lead  beyond,  to  manned  space 

missiles  and  rockets,  March  26,  1962 

QUICKENING  of  U.S.  military  space 
drive  is  symbolized  by  AF  Martin  Titan 
II  shown  before  successful  first  launch 
March  16. 

stations  and  possibly  to  advanced  aero- 
space craft  capable  of  self-contained 

flight  to  and  from  space.  All  of  these 
advanced  craft  have  potential  applica- 

tions to  critical  military  missions." 
Military  planners  do  not  believe 

spacecraft  developed  solely  for  the 
scientific  missions  of  the  National  Aero- 

nautics and  Space  Administration  will 
serve  military  needs. 

"Mercury  is  good  enough  for  the 
scientists,"  says  one,  "but  I  want  to 
land  at  a  pre-selected  site  and  do  it 
over  and  over  again.  The  ballistic  re- 

entry is  like  flying  a  Boeing  707  to 
New  York  and  then  dumping  it  in  the 

ocean." 

Military  spacecraft  programs,  while 
largely  concentrated  in  the  Air  Force, 
are  spread  throughout  DOD  and  the 
three  services. 

DEPARTMENT  OF  DEFENSE 

•  BAMBI.  Advanced  Research 
Projects  Agency  is  studying  proposals 
for  a  satellite  system  which  would  em- 

ploy space-based  platforms  and  inter- 
ceptors for  destruction  of  enemy  ICBM's 

during  the  boost  phase.  This  is  being 
carried  on  under  the  $1 10  million  alloted 

to  Project  Defender  in  Fiscal  '63. ARPA,  however,  is  leaning  at  the 
moment  more  toward  the  ground-based 
terminal  defense  concept  of  ARPAT, 
a  possible  alternative  to  Nike-Zeus  now 
being  studied  by  the  Army  Ordnance 
Missile  Command  and  Raytheon  Co., 
prime  system  contractor. 

"Conceptually,  on  first  look,  BAMBI 
looks  like  a  very  attractive  scheme," 
says  one  ARPA  scientist,  "but  the  more 
you  study  it  the  less  appealing  it 

becomes." 
Present  objections  to  the  satellite 

system  seem  to  be  its  extremely  high 
cost  and  the  technical  problems  involved 
in  an  orbital  weapons  system.  While  it 
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BASIC  AGENA  vehicle  has  been  highly  successful  in  Dis-  of  Lockheed  series.  The  new  Agena  D  will  be  tested  in  the 
coverer  and  other  programs.  Cutaway  shows  Agena  B  version        Discoverer  program,  test  bed  for  Samos  and  Midas. 

still  is  too  early  to  put  a  price  tag  on 
the  system,  ARPA  scientists  point  out 
that  "we're  talking  of  considerably more  than  10  satellites  and  a  cost  of 

more  than  $1  billion." 
•  ARENTS.  General  Dynamics/As- 

tronautics is  prime  on  this  program  of 
three  payloads  for  space  environmental 
testing.  Satellites  are  to  be  boosted  into 
22,000-mi.  orbits  by  the  Atlas-Centaur 
booster.  Delay  in  Centaur  means  this 

project  has  slipped  into  early  '63.  ARPA 
is  carrying  the  program  out  in  conjunc- 

tion with  NASA,  with  the  payloads  to 
be  carried  aloft  in  NASA  satellites. 

•  Vela  Hotel.  ARPA,  working  with 
AEC  and  AFSC,  is  developing  a  six- 
satellite  operational  system  for  detec- 

tion of  nuclear  explosions  in  outer  space 
as  part  of  the  overall  Project  Vela.  Los 
Alamos  Scientific  Laboratory  is  devel- 

oping the  payload.  Booster  will  be  the 
Atlas  D-Agena  B  combination,  with  two 
Vela  Hotel  payloads  to  be  mounted  in 
opposition  so  that  solar  flares  will  not 
trigger  the  alarm  system  (M/R.  Oct. 
23,  1961,  p.  12). 

AIR  FORCE 

The  Air  Force  today  is  emphasizing 
the  growing  need  for  manned  military 
spaceflight  while  continuing  develop- 

ment of  a  number  of  unmanned  sys- 
tems. The  latter  are  designed  to  fulfill 

missions  where  man  is  not  required, 
and  to  provide  the  advanced  technology 
for  manned  systems  which  will  follow. 

Manned  Spacecraft 
Current  and  proposed  USAF  manned 

spacecraft  of  the  time  period  between 
now  and  1970  span  a  range  from  rocket 
craft  to  air-breathing  nuclear-powered 
space  planes  and  orbiting  space  stations. 
They  include: 

•  X-15.  North  American  Aviation's 
successful  development  of  the  three 

X-15  rocket  research  aircraft  powered 
by  Thiokol  XLR-99  engines  developing 
more  than  50,000  lbs.  thrust  has  con- 

tributed to  knowledge  of  heating  and 
re-entry  problems,  as  well  as  probing 
the  bioastronautic  effects  along  the 
lower  edges  of  space.  This  is  a  joint 
Air  Force-Navy-NASA  program  which 
has  achieved  speeds  in  excess  of  4000 
mph  and  altitudes  of  217,000  ft. 

•  RS-70.  The  on-again  off-again 
RS/B-70  program  contains  within  it  a 
study  plan  of  the  RS-70  as  a  recover- 

able first-stage  booster.  This  calls  for 
development  of  a  non-recoverable  inter- 

mediate stage  booster  rocket  with  a 
thrust  of  some  300,000  lbs.  The  recov- 

erable booster  system  (RBS)  would  be 
capable  of  launching  a  craft  such  as 
Dyna-Soar  into  orbit.  The  plan  can  be 
generously  described  as  dormant. 

•  Dyna-Soar  I.  Re-orientation  of 
the  Dyna-Soar  program  for  develop- 

ment of  a  manned  boost-glide  orbital 
spacecraft  has  eliminated  plans  for  sub- 

orbital flight.  The  program  will  proceed 
directly  to  orbital  flight,  with  use  of  the 
Martin  Titan  III  as  a  booster. 

Despite  Air  Force  efforts  to  push 
Dyna-Soar  I  as  the  forerunner  of  manned 
spacecraft,  DOD  is  holding  the  project 
to  a  research  program  of  the  X-15  type. 
Launch  will  be  from  Cape  Canaveral; 
recovery  at  Edwards  AFB.  Boeing  Co. 
is  developing  the  spacecraft  and  serv- 

ing as  systems  integrator.  Dyna-Soar 
is  important  as  a  test  bed  for  winged re-entry. 

•  Dyna-Soar  II.  Plans  for  an  ad- 
vanced Dyna-Soar  II  with  on-board  pro- 

pulsion call  for  a  manned  craft  which 
could  be  capable  of  performing  the 
rendezvous  mission.  Dyna-Soar  11  also 
might  be  given  the  manned  Saint  II  mis- 

sion. It  would  provide  a  basic  craft  for 
orbital  reconnaissance,  defense  and  of- 

fense which  could  be  phased  into  the 

Global  Surveillance  System. 
•  Aerospace  Plane  (ASP).  This  is 

an  advanced  research  program  aimed  at 
development  of  a  vehicle  capable  of 
taking  off  conventionally  from  current 

runways,  climbing  through  the  earth's atmosphere  to  perform  its  mission,  and 
returning  to  its  home  base.  The  Air 
Force  is  giving  the  concept  serious  con- 

sideration. Program  is  not  yet  oriented 
toward  any  given  system  or  vehicle. 

Six  separate  study  programs  are  in- 
volved— at  North  American,  Boeing, 

Douglas,  General  Dynamics,  Lockheed 
and  Republic.  The  program  today,  as 
funded  in  the  FY  '62  and  FY  '63 
budgets,  is  principally  concerned  with 
investigation  of  promising  new  methods 
of  aerospace  propulsion  and  with  struc- 

tural design.  Propulsion  concepts  in- 
clude the  Marquardt-developed  LACE 

(liquid  air  collection  engine)  and 
NULACE  (nuclear  LACE). 

ASP  could  be  developed  as  a  fol- 
low-on SLOMAR  vehicle,  and  also 

could  provide  the  basic  airframe  for  the 
Global  Surveillance  System.  Outcome 
of  Dyna-Soar  11  planning  could  affect 
the  ASP  program. 

•  Military  Test  Space  Station.  The 
Air  Force  is  pressing  for  early  develop- 

ment of  MTSS.  It  would  provide  a  space 
station  for  testing  of  components  and 
subsystems  in  the  space  environment, 
bioastronautics  exploration,  and  devel- 

opment of  techniques  for  space  naviga- 
tion, rendezvous  and  interception.  It 

also  could  provide  the  basic  system  for 
a  manned  satellite  command  post. 

The  Air  Force  concept  calls  for  a 
1 2-man  crew  module,  with  provision  for 
attachment  of  control  and  test  modules. 
Crew  could  be  ferried  to  and  from  the 
station  in  Dyna-Soar  11  or  Saint  II 
winged  re-entry  vehicles.  The  Air  Force 
is  now  giving  serious  consideration  to 
a  proposal  that  this  be  a  coordinated 
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program  with  NASA,  perhaps  using  the 
Gemini  vehicle  as  a  crew  ferry. 

"Through  this  coordinated  program, it  seems  reasonable  to  assume  that  the 
best  interests  of  both  the  military  and 
civilian  test  programs  in  space  could  be 

served,''  Gen.  Ferguson  says. 
•  SLOMAR.  Feasibility  studies  have 

been  under  way  for  some  time  on  the 
Space  Logistics  Maintenance  and  Res- 

cue system.  One  industry  forecast  pre- 
dicts SLOMAR  might  develop  into  a 

S3.7-billion-dollar  system  between  now 
and  FY  '70.  The  SLOMAR  vehicle, 
possibly  based  on  a  Recoverable  Booster 
System,  is  designed  to  carry  five  or  more 
passengers. 

Industry  studies  such  as  Martin- 

Denver's  Project  Deimos  are  exploring this  concept  (M/R,  Aug.  28,  1961,  p. 
16).  Lockheed  Aircraft  Corp.  is  the 
other  firm  holding  a  study  contract  in 
this  area.  ASP  could  develop  as  a 
follow-on  SLOMAR  vehicle,  but  is  not 
likely  to  be  the  initial  vehicle  since 
SLOMAR  requirements  are  expected  to 
precede  ASP  development.  Programing 
of  MTSS,  Dyna-Soar  II,  Saint  II  and 
Gemini  can  affect  SLOMAR's  future. 

Aeronautical  Systems  Division  and 
Space  Systems  Division  both  are  in- 

volved in  these  studies,  with  the  SSD 
in-house  feasibility  study  being  carried 
out  as  SMART  (Space  Maintenance 
and  Repair  Techniques). 

•  Saint  II.  This  is  the  manned  fol- 
low-on vehicle  of  the  unmanned  Satel- 

lite Inspection  program,  still  known  as 
Saint  despite  efforts  to  change  the  name. 
It  would  be  a  winged  re-entry  vehicle, 
which  means  its  Satellite  Interception 
mission  could  be  assigned  to  Dyna-Soar 
II.  Air  Force-NASA  cooperation  on  the 
rendezvous  mission  will  affect  this 
project. 

•  Global  Surveillance  System.  ASP 
and  Dyna-Soar  II  both  are  expected  to 
contribute  to  the  technology  of  the 
Global  Surveillance  System,  a  highly- 
classified  study  program  for  a  manned 
reconnaissance-strike  space  vehicle.  The 
system  could  enter  the  development 
phase  within  the  next  fiscal  year  for 
start  of  production  in  the  FY  1966/67 
budgets.  Operational  date  then  would  be 
1970.  Company  research  studies  already 
are  under  way  on  development  of  the 
navigation  system  and  other  subsystems. 

•  Orbital  Weapons  System.  Studies 
now  are  being  conducted  on  two  classi- 

fied weapon  satellite  projects  to  deter- 
mine the  feasibility  of  an  orbital  bomb- 

ing system.  The  Air  Force  considers 
these  studies  promising,  and  hopes  to 
push  the  program  into  an  advanced 
development  stage.  This  later  could  de- 

velop as  an  outgrowth  of  the  Saint  and 
BAMBI  programs,  effective  against  both 
missiles  and  satellites. 

"As  far  as  the  Air  Force  Space  Plan 
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is  concerned,  it  will  be  one  of  our  major 
interests  down  the  road,"  says  Maj.  Gen. 
Marvin  C.  Dernier,  USAF  Director  of 
Advanced  Technology. 

Unmanned  Spacecraft 
Current  USAF  unmanned  spacecraft 

are  designed  principally  for  intelligence- 
gathering  missions.  The  Air  Force  would 
like  to  have  a  communications  satellite 
program  of  its  own — due  to  a  belief 
that  the  Advent  program  is  inadequate 
to  meet  AF  requirements  for  command 
and  control  in  space.  This  would  be  a 
low-altitude  active  repeater  system.  Top 
Air  Force  officials  feel  the  present  pro- 

gram, snarled  in  service  politics,  has 
been  poorly  handled  by  DOD.  Un- 

manned USAF  spacecraft  include: 

•  Discoverer.  The  "open-end"  Dis- 
coverer program,  managed  by  Lockheed 

Missile  and  Space  Co.  for  Space  Sys- 
tems Division,  has  been  the  nation's 

most  successful  military  satellite  pro- 
gram. Number  of  launches  now  is  near- 

ing  40.  Eleven  capsules  have  been  re- 
covered from  orbit  to  date,  seven  of 

them  in  air-snatches  by  C-119  and 
C-130  aircraft. 

Discoverer,  boosted  by  Thor-Agena 
and  Atlas-Agena  combinations,  has 
served  as  a  test  bed  for  the  Midas  and 
Samos  systems.  The  Samos  reconnais- 

sance satellite  has  a  similar  require- 
ment for  returnable  capsules.  Discoverer 

is  serving  as  a  "platform  program"  for 
advancing  a  number  of  hardware  tech- 

niques. Development  of  the  Bell-engined 
Agena  upper  stage  in  the  program  has 
made  available  one  of  the  most  success- 

ful military  upper  stages,  capable  of  on- 
orbit  stabilization  and  re-start.  The  new 
Agena  D  will  be  tested  in  this  program. 
The  re-entry  vehicle  is  being  developed 
by  General  Electric. 

•  Midas.  This  early-warning  satel- 
lite for  infrared  detection  of  ICBM 

launches  is  nearing  the  operational 
stage,  set  for  mid-1962.  The  system  may 
consist  of  as  many  as  12-15  satellites 
in  polar  orbit.  The  Midas  test  satellite 
is  reported  to  have  proved  its  capability 
in  early  detection  of  a  Titan  launch 
from  Cape  Canaveral.  The  system  em- 

ploys an  Atlas  booster.  The  infrared 
detector  system  is  supplied  by  Aerojet- 
General. 

•  Samos.  The  reconnaissance  satel- 
lite program  now  is  being  carried  on 

behind  a  tight  security  curtain  which 
has  eliminated  even  references  to  the 
name  from  AF  unclassified  documents. 
Atlas-boosted,  the  Agena  satellite  car- 

ries high-resolution  cameras  with  pro- 
vision for  ground  relay  of  photographs. 

Recoverable  film  capsules  also  are  con- 
tained. Initial  results  from  first  R&D 

launchings  have  been  highly  promising. 
The  system  is  scheduled  to  be  opera- 

tional in  late  1962.  Major  factor  in  in- 
creasing operational  life  to  as  much  as 

a  year  has  been  used  of  solar  power 
cells  (M/R,  July  24,  1961,  p.  14). 

•  Saint  I.  Now  known  officially  as 
Satellite  Inspector,  Program  621 A  is  ex- 

pected to  provide  early  demonstration 
of  military  rendezvous  techniques  and 
prove  out  rendezvous  and  docking  tech- 

nology. Initial  launches  of  the  RCA- 
designed  spacecraft  are  scheduled  soon 
from  Cape  Canaveral  with  the  Atlas  D- 
Agena  B  combination  as  a  booster.  Tar- 

get satellites  are  to  be  launched  by 
Blue  Scout.  The  Saint  vehicle  will  em- 

ploy retrorockets  for  rendezvous  after 
being  placed  into  orbit  ahead  of  the  tar- 

get satellite.  Television  cameras  will  be 
used  for  identification  of  target. 

The  program  is  expected  to  lead  to 
a  manned  winged  re-entry  vehicle  for 
interception  of  hostile  satellites  and 
crew  ferry  missions,  a  project  known 
informally  as  Saint  II  and  formally  as 
Satellite  Interceptor. 

ARMY 

Before  the  end  of  the  year,  Army 
officials  hope  to  have  the  1250  lb. 
Advent  spacecraft  in  a  5000-mi.,  five- 
hour,  inclined  orbit.  Design  of  the  first 
experimental  version  of  the  satellite  now 
is  complete. 

Two  more  launchings  of  this  type 
aboard  Atlas-Agena  B  boosters  tenta- 

tively are  planned  to  follow  at  3-4-mo. intervals. 
A  later  series  of  tests,  scheduled  to 

begin  sometime  in  1963,  will  place  ad- vanced versions  of  Advent  satellites 
(based  on  system  improvements  made  as 
a  result  of  the  first  series  of  launchings) 
in  synchronous  24-hour  equatorial  orbits 
22,300  miles  above  the  earth.  At  this 
altitude,  the  satellite's  orbital  speed  is 

proportionally  the  same  as  the  earth's rotational  speed,  making  the  satellite  ap- 
pear to  be  stationary  in  outer  space. 

This  type  of  orbit,  of  course,  re- moves restrictions  imposed  by  early 
communications  satellites  when  message 
transmission  or  rebroadcast  could  be 

accomplished  only  during  the  few  min- utes when  the  satellite  was  passing 
through  the  line-of-sight  (LOS)  range 
of  the  ground  station. 

Ultimately,  the  Army  will  attempt 
to  place  a  series  of  operational  proto- 

types (a  minimum  of  three)  in  syn- 
chronous equatorial  orbits  around  the 

earth  spaced  about  120°  apart,  which 
will  provide  a  virtually  complete  and 
instantaneous  microwave  communica- 

tions link  for  facilities  anywhere  on  the 

globe. 
•  Centaur  lag  crucial — In  order  to 

place  both  advanced  experimental  ver- sions and  operational  prototypes  in  the 
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22,300-mile  orbit,  the  Army  is  planning 
on  using  the  Centaur  upper  stage  with 
the  Atlas  boost  vehicle.  However,  this 
program  has  slipped  badly  (M/R,  Feb. 
12,  p.  13),  and  there  is  considerable 
concern  over  meeting  the  advanced 
flight  phase  schedule. 

•  Other  interests — Though  Advent 
is  by  far  the  biggest  and  most  expensive 
Army  space  project,  the  service  is  pur- 

suing some  other  programs — and  is 
keeping  an  eye  on  still  more  possibilities 
for  the  future. 

Included  in  Army  plans  are: 
SECOR  (Sequential  Collation  of 

Range) — This  Corps  of  Engineers  pro- 
gram is  actually  a  relatively  simple  and 

lightweight  (36  lbs.)  satellite-borne 
ranging  device,  to  be  used  primarily  for 
geodetic  purposes.  The  system  employs 
a  series  of  three  ground  stations — each 
positioned  in  a  well  defined  terrestrial 
location — to  determine  the  exact  spacial 
coordinates  of  the  SECOR  satellite.  A 
fourth  ground  station  is  set  up  at  the 
point  to  be  surveyed  and  a  highly  ac- 

curate fix  of  the  location  is  determined 
by  measuring  its  range  to  the  satellite  at 
several  accurately  measured  points  in 
the  vehicle's  orbit. 

SECOR  can  operate  either  as  an 
independent  satellite  or  as  a  transponder 
package  carried  aboard  satellites  of 
other  programs.  The  latter  method  has 
been  employed  with  two  Navy  Transit 
launches  and  one  AF  Discoverer  launch 
to  date.  The  first  attempt  to  launch 
SECOR  as  an  independent  vehicle  was 
made  in  January  aboard  the  five-in-one 
Composite  I  package  which  was  aborted 
due  to  a  booster  misfire. 

The  Army  hopes  to  place  another 
independent  version  of  SECOR  in  orbit 
piggy-back  fashion  later  this  year. 

Though  some  operational  data  have 
been  achieved  with  earlier  launches 
aboard  Transit  vehicles,  the  Army  has 
not  been  able  to  fully  test  the  system 
due  to  less-than-perfect  orbital  paths. 

Prime  contractor  for  SECOR  is 
the  Cubic  Corp.  of  San  Diego,  which 
turns  out  the  satellites  at  a  cost  of 
roughly  $500,000  each.  The  initial  four 
ground  stations,  now  completed,  ran 
into  considerably  more  expense. 

New  ComSat? — There  is  some  feel- 
ing within  Army  technical  circles  that 

the  pressing  need  for  military  com- 
munications via  satellite  may  give  rise 

to  a  system  to  handle  emergency  com- 
munications which  could  go  into  opera- 

tion before  the  synchronous-altitude  net 
of  Advent. 

The  issue  is  not  at  all  clear  at  this 
point,  since  it  has  not  been  determined 
exactly  what  role  the  low-altitude  Ad- 

vent shots  slated  to  be  orbited  this  year 
could  play  in  such  a  mission.  Certainly 
no  new  system  could  be  operational 
before  then. 

The  argument  for  maintaining  at 
least  some  operational  capability  for 
military  space  communications  evolved 
when  Army's  Courier  program  was  cut 
short  in  late  1960,  after  Courier-IB  had 
successfully  demonstrated  its  delayed 
active-repeater  capability. 

Lunar  Construction  —  The  Army, 
with  NASA  encouragement,  has  al- 

ready made  what  is  described  as  "a 
modest  investment"  in  design  studies 
for  a  large  lunar  environmental  cham- 

ber where  the  Corps  of  Engineers  could 
go  about  developing  construction  tech- 

niques which  would  be  needed  to  sup- 
port any  large-scale  manned  exploration 

of  the  moon. 
Congressional  appropriation  of 

funds  for  an  environmental  chamber 
for  this  mission  may  be  forthcoming 
within  the  next  12  to  18  months. 

Lunar  Mapping — The  Army  is  also 
reportedly  considering  development  and 
installation  of  a  lunar-mapping  package 
to  go  aboard  a  moon  orbit  or  impact 
vehicle  in  order  to  update  a  current 
Corps  of  Engineers  lunar  mapping  pro- 

gram. Meteorological  Satellite  Needs — With  no  formal  program  of  its  own  in 
this  area — but  as  a  vital  customer  for 
accurate  weather  data  —  the  Army 
maintains  close  ties  with  NASA  and  the 
U.S.  Weather  Bureau  on  development  of 
meteorological  satellites,  in  an  effort  to 
feed  in  as  many  requirements  as 
possible.  The  basic  Army  need  in  this 
area,  in  addition  to  accurate  overall 
forecast  information,  is  real-time  read- 

out of  cloud  cover  in  remote  local  area. 

NAVY 

The  Navy,  taking  a  conservative  ap- 
proach to  space,  has  chosen  to  study 

systems  well  within  the  state  of  the  art. 
Transit,  the  navigation  satellite  system, 
currently  is  the  Navy's  only  major  space 
project.  However,  a  geodetic  satellite — 
the  classified  project  ANNA — is  being 
funded  and  may  become  a  major  pro- 

gram within  the  next  several  years. 
The  Navy  also  is  cooperating  with 

other  agencies  on  space  work,  with 
NASA  on  the  Tiros  weather  satellite 
program  and  with  the  Army  on  Advent. 

•  Transit — The  Navy's  Transit  pro- 
gram is  aimed  at  establishment  of  a 

highly  accurate,  all-weather  aerial  and 
maritime  navigational  system.  All  four 
satellites  of  the  operational  system  are 
scheduled  for  launch  by  late  this  year. 

Transit  IV-B  was  successfully 
launched  November  15,  1961,  into  a 
near-circular  orbit  of  650  miles.  It  car- 

ried with  it,  pickaback,  also  to  a  suc- 
cessful launch,  a  Traac  (Transit  re- 

search and  attitude  control)  satellite. 
Orbiting  of  Transit  IV-B  marked 

the  fifth  successful  Transit  launch  and 

the  second  space  vehicle  to  carry  a 
nuclear  power-supply — SNAP  radioiso- 

tope units  for  powering  two  of  the 
satellite's  four  transmitters. 

Three  of  the  Navy's  earlier  Transit 
satellites  still  in  orbit  have  provided 
geodetic  data  which  have  led  to  im- 

proved knowledge  of  the  earth's  shape and  gravitational  field.  In  addition,  navi- 
gational experiments  were  successfully 

conducted  using  a  moving  experimental 
range  ship  and  Transits  Il-A  and  IV -A. 
(II-A  was  launched  June  22,  1960,  and 
IV -A  on  June  29,  1961). 

Transit  IV -A  was  the  first  triple  pay- 
load  ever  successfully  ejected  into  orbit. 
Pickabacking  were  Injun  and  Greb  111 
which  separated  from  IV-A  but  not 
from  each  other.  Injun  and  Greb  were 
sent  up  to  determine  characteristics  of 
space  radiations,  and  IV-A  to  check  out 
a  magnetic  stabilization  system  and  the 
first  nuclear  power-supply  in  space. 

The  Navy's  Bureau  of  Naval  Weap- 
ons holds  overall  management  responsi- 

bility for  Transit;  and  the  Applied 
Physics  Laboratory  of  The  Johns  Hop- 

kins University  holds  the  prime  contract 
and  also  is  responsible  for  developing 
the  satellite  payloads. 

Transit  IV-B  is  structurally  and  func- 
tionally similar  to  the  IV-A.  It  weighs 

about  200  lbs.,  is  in  the  form  of  a  drum- 
shaped  shell  43  in.  in  diameter  and  31 
in.  high,  and  is  covered  with  solar  cells. 

The  Transit  navigational  system  is 
based  on  the  Doppler  shift  phenomena. 
Signals  picked  up  by  a  ground  station 
show  changes  in  the  signals  from  the 
stable  oscillators  in  a  satellite  as  the 
vehicle  first  approaches  and  then  passes 
over  the  ground  station.  The  position 
and  velocity  of  the  satellite  at  some 
specified  time  can  be  calculated  by 
measuring  this  shift. 

With  this  Doppler  information  and 
other  force  terms  affecting  the  satellite's 
motion,  future  orbits  can  be  predicted 
several  days  in  advance.  This  informa- 

tion, provided  by  means  of  the  satel- 
lites's  own  signals,  will  yield  an  opera- 

tional navigational  system  usable  by 
ships  and  aircraft  under  any  weather 
conditions. 

Operational  Transit  satellites  will  be 
completely  transistorized,  will  weigh 
about  100  lbs.  each,  and  will  have  an 
expected  operational  life  of  five  years. 

Traac  is  a  doorknob-shaped  satellite 
weighing  about  200  lbs.  It  was  designed 
to  check  the  possibility  of  orienting  a 
satellite  by  means  of  gravity  so  that  the 
vehicle  always  has  the  same  face  point- 

ing at  earth,  as  does  the  moon.  It  also 
was  to  get  data  on  the  characteristics  of 

the  particles  in  the  earth's  radiation belts.  Test  results  from  the  pickaback 
launchina  of  Nov.  15.  which  includes 
Traac,  have  not  yet  been  released  by  the 
Navy.  tX 
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MILITARY  SPACE 
PROCUREMENT 

Trend  Toward  More  Incentive  Awards 

Air  Force  also  plans  to  facilitate  contract  management 

by  delegating  more  authority,  adopting  mechanical  source  selection 

THE  MILITARY  SPACE  program 
will  be  marked  for  greater  use  of  incen- 

tive awards  to  industry  and  streamlined 
contract  management  by  the  Air  Force. 

The  system  will  feature  more  dele- 
gation of  authority  to  lower  manage- 

ment levels.  Joining  it  in  the  list  of 
innovations  will  be  a  mechanical  source 
selection  system  and  the  probability 
that  more  use  will  be  made  of  '"asso- 

ciate" contractors. 
The  AFSC  setup  is  especially  im- 

portant because  it  awards  by  far  the 
largest  share  of  the  Defense  Depart- 

ment's Fiscal  1963  military  space  budget of  $1.5  billion. 

Robert  E.  Miedel,  of  the  AFSC's 
office  of  assistant  for  management 
policy,  declares,  "Incentive  contracts  are 
here  to  stay." 

He  said  that  while  the  trend  is  fairly 
new,  the  biggest  share  of  the  Air  Force 
contracting  dollar  is  now  awarded 
through  incentive  contracts. 

"Next  year,  both  the  Air  Force  and 
industry  will  have  greater  experience 
in  its  negotiation.  This  will  encourage 
further  use,"  he  continued. 

•  "Management  by  exception"  — 
Currently,  the  Air  Force  is  authorized 
to  pay  a  10%  fee  for  superior  perform- 

ance for  production  contracts  and  15% 
for  R&D  contracts.  Notwithstanding 
the  statutory  limitation,  the  Air  Force 
requires  Secretarial  approval  for  fees 
in  excess  of  7%  for  production  con- 

tracts and  10%  for  research  and  devel- 
opment contracts. 

Director  of  the  AFSC  procurement 
setup  is  Brig.  Gen.  William  E.  Leonhard 
who  serves  as  Deputy  Chief  of  Staff, 
Procurement  and  Material.  He  heads  a 
buying  operation  which  has  a  comple- 

ment of  approximately  16,000. 
AFSD's  streamlined  procurement 

setup  will  be  highlighted  by  a  philoso- 
phy of  "management  by  exception."  It 

features  more  delegated  authority. 
Various  divisions  of  the  command 

can  now  award  contracts  up  to  S5  mil- 
lion, compared  to  an  earlier  SI  million. 

AFSC  centers  can  dole  out  to  industry 
contracts  worth  up  to  $500,000.  The 
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br:g.  gen.  w.  e.  LEONHARD 
AFSC's  Deputy  Chief  of  Procurement. 

streamlining  is  further  pointed  up  by 

new  procedures  which  will  have  "our 
pre-procurement  and  post-procurement 
people  working  on  the  same  team." In  the  procurement  of  systems,  the 
Air  Force  "buyers"  will  now  be  physi- 

cally located  in  the  Office  of  the  System 
Program  Director.  Even  though  he  will 
continue  to  report  to  procurement  of- 

ficials, the  very  closeness  of  the  physical 
location  will  make  him  more  responsi- 

ble to  the  systems  needs,  Air  Force 
officials  claim. 

In  the  procurement  operation,  an 
administrative  contracting  officer  (ACO) 
will  be  placed  in  a  plant  to  monitor  one 
system's  contract  work,  rather  than  all 
the  work  at  the  plant.  If  several  con- 

tractors are  working  on  a  major  portion 
of  the  systems  and  when  justifiable,  an 
ACO  will  be  placed  in  each  of  their 

plants. The  ACO — in  turn — will  be  directly 
responsible  to  the  systems  program  di- 

rector. Meidel  believes  contracting  firms 
will  find  that  they  have  less  and  less 
cause  to  call  or  contact  AFSC  head- 

quarters. Instead,  the  SPD  will  be  able 
to  solve  many  of  the  problems. 

•  Overhauling  —  Other  major 
changes  and  thinking  on  procurement 
policy  revealed  by  Air  Force  officials 
include: 

—Better  source  selection — This  is  a 
major  effort  to  provide  better  source 
selection  and  to  cut  down  the  so-called 
"brochuremanship"  which  plagues  in- 

dustry and  military  contracting  officials. 
Under  the  system,  a  firm  fills  out  a 

standard  Form  220  on  which  it  lists 

information  pertinent  to  the  firm's  con- tractural  capability.  This  information  is 
then  placed  on  electric  computer  cards. 
Visual  scanning  is  used  to  select  the 
needed  firms  under  what  is  called  the 
Mechanical  Source  Selection  System. 

To  get  on  the  source  selection,  a 
firm  files  an  AFSC  Form  220  and  keeps 
it  up  to  date  as  its  individual  situation 
changes.  There  are  currently  2600  R&D 
firms  on  the  list;  about  700  are  being 
added  per  year. 

To  insure  greatest  objectivity  in 
source  selection,  AFSC  now  requires 
that  at  least  one  other  technically  com- 

petent person  besides  the  program  initi- 
ator take  part  in  the  selection  of  the 

firms  which  will  be  asked  to  submit  bids. 
— Associate  contractors — rather  than 

a  single  prime — may  well  become  more 
common  in  future  Air  Force  contracting 
as  the  Air  Force  Systems  Command 
exercises  stronger  technical  and  finan- 

cial management. 
AFSC  believes  that,  of  necessity, 

"letter  contracts"  will  continue  to  be 
used — possibly  in  greater  numbers.  Nev- 

ertheless, it  is  making  strong  efforts  to 
cut  the  time  now  being  taken  to  defini- 
tize  these  contracts. 

While  AFSC  does  not  anticipate  any 
major  changes  in  its  procurement  poli- 

cies, it  is  studying  its  procedures  with 
the  aim  of  streamlining. 

The  three  main  types  of  contracts 
will  continue  to  be  cost-plus-fixed-fee, 
fixed-price  and  incentive. 

•  The  drill — Here  is  the  rundown 
on  normal  operating  procedures  when 
AFSC  initiates  a  procurement  with industry: 

The  procurement  (or  purchase  re- 
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quest)  emanates  from  the  technical  or- 
ganization of  an  AFSC  division  or  cen- 

ter. It  includes  a  list  of  firms  considered 
by  the  program  initiator  to  be  capable 
of  doing  the  work.  It  is  forwarded  to 
the  contracting  officer  of  the  respective 
organization. 

The  buyer  checks  the  source  list 
and  may  add  more  firms  in  coordination 
with  the  program  initiator  following  a 
report  from  the  mechanized  source 
evaluation  system.  He  then  prepares  a 
request  for  proposals  to  industry. 

The  replies  go  back  to  the  buyer. 
He  extracts  the  cost  portion  and  begins 
an  analysis  of  it.  The  technical  infor- 

mation goes  to  a  board  of  from  several 
to  as  many  as  25  technically  qualified 
persons.  This  group  breaks  out  all  the 
factors  and  rates  the  companies  as  to 
their  capability. 

The  technical  and  procurement  per- 
sonnel decide  which  firm  would  best 

perform  the  contract,  based  on  cost  and 
technical  competence.  Once  the  con- 

tract is  awarded,  its  administration  is 
passed  on  to  one  of  the  three  contract 
regions  (see  p.  151).  Firms  who  feel 
they  have  a  good  idea  for  a  new 
space  system  can  submit  an  unsolicited 
proposal. 

An  unsolicited  proposal  is  sent  to 
AFSC  headquarters,  or  one  of  its  cen- 

ters or  divisions.  It  is  then  sent  to  the 
organization  which  has  technical  man- 

agement responsibility  over  the  area  in 
which  the  proposal  is  submitted.  It  is 
then  reviewed  and  approval  or  disap- 

proval given. 
There  are  two  other  procedures  in 

which  a  firm  can  get  into  the  AFSC 
contracting  team. 

One  is  by  getting  placed  on  the  list 
of  firms  which  receive  Air  Force  Tech- 

nical Objective  Releases.  This  document 
lists  all  technical  areas  in  which  the 
Air  Force  feels  it  may  have  future 
requirements. 

The  other  is  the  Commerce  Depart- 
ment's synopsis  of  government  re- 

quests for  proposals.  Firms  which  did 
not  receive  an  Air  Force  request  for 
proposal  can  use  this  to  keep  aware  of 
what  contracts  are  going  to  be  awarded. 
They  can  then  request  the  AFSC  divi- 

sion or  center  to  permit  them  to  submit 
a  proposal. 

•  Prime  SSD  contact  —  Procure- 
ment of  space  vehicle  systems  is  the 

responsibility  of  the  Deputy  Commander 
for  Aerospace  Systems  (DCAS),  lo- 

cated in  AFSC's  complex  at  5800 
Arbor  Vitae  St.,  Los  Angeles  45,  Calif. 
(Building  4). 

Primary  point  of  contact  for  both 
small  and  large  industry  seeking  new 
business  with  AFSC's  Space  Systems Division  therefore  is  not  in  SSD  or 
Aerospace  Corp.  but  in  the  Contractor 
Relations   and   Small   Business  office 

(DCMB)  of  DCAS.  This  is  true  even 
for  the  large  company  already  doing 
business  with  SSD. 

DCMB  does  no  buying  or  contract 
management.  SSD  has  its  own  buyers 
and  contracting  officers.  But,  for  the 
duties  it  performs,  DCMB  is  the  sole 
office  in  the  U.S. 

It  counsels  potential  contractors  and 
subcontractors,  both  large  and  small,  on 
space  programs,  makes  preliminary 
evaluations  of  company  capabilities,  and 
adds  the  firms  to  the  source  file  which 
it  maintains.  When  an  SSD  procure- 

ment comes  up,  DCMB  provides  the 
source  list. 

No  security  clearance  is  needed  to 
visit  DCMB.  But  the  office  will  assist 

in  obtaining  appropriate  security  clear- ance after  a  need  to  know  has  been 
established.  DCMB  officials  ask  that 
interested  firms  write  or  telephone 
(ORchard  0-1444,  Ext.  1005)  in  ad- 

vance of  a  visit. 
Firms  interested  in  participating  in 

AFSC  space  programs  can  obtain  the 
Form  220  ("Research  and  Development 
Source  Information")  from  DCMB  or 
any  AFSC  procurement  office  (see  page 
150).  These  forms  should  be  sent  di- 

rectly to  Headquarters  AFSC,  Andrews 
AFB,  Washington  25,  D.C.  The  infor- 

mation then  is  distributed  to  all  AFSC 
commands,  including  DCMB. 

DCMB  arranges  formal  presenta- 
tions of  contractor  capabilities  to  SSD. 

For  those  unable  to  visit  DCAS, 
the  contractor  relations  and  small  busi- 

ness specialists  at  the  nearest  Contract 
Management  Region  or  Air  Procure- 

ment District  can  provide  assistance. 
•  Small  business  guardian — Here  is 

how  the  system  works: 
After  design  criteria  and  specifica- 

tions have  been  established  for  a  new 
space  system,  DCMB  is  asked  to  screen 
its  contractor  source  files  for  the  names 
of  those  contractors  qualified  for  con- 

sideration to  receive  a  Request  for  Pro- 
posal (RFP). 

This  list  is  forwarded  to  the  Source 
Selection  Board.  Those  firms  which 
meet  the  requirements  are  invited  to  bid 
on  the  program.  The  proposals  sub- 

mitted by  contractors  in  response  to 
the  RFP  are  evaluated  by  the  Source 
Selection  Board.  The  board  recommends 
to  the  Commander,  DCAS,  the  best 
qualified  contractor.  On  exceptionally 
large  procurement,  DCAS  forwards  the 
recommendation  through  AFSC  to  the 
Secretary  of  the  Air  Force  for  final 
selection. 

"Today,  we  submitted  60  names  on 
a  procurement  and  the  Source  Selection 
Board  cut  it  to  30  or  40,  taking  those 
best  qualified,"  says  Joseph  Krueger, 
DCMB  assistant  for  procurement 
sources,  in  explaining  the  system.  "They 
did  this  cold,  not  knowing  whether  the 

companies  were  large  or  small.  1  fol- 
lowed up  and  found  there  was  not  a 

small  business  represented.  So  I  told 
them  to  drop  down  and  pull  up  some 

of  those  small  ones." Thus  the  DCMB  office,  in  addition 
to  its  other  duties,  acts  as  a  watch  dog 
for  the  interests  of  small  business.  Lt. 
Gen.  Howell  M.  Estes,  Deputy  Com- 

mander for  Aerospace  Systems,  is 
"pounding  the  desk  all  the  time  to  give 
more  help  to  small  business,"  says  Roy A.  Watkins,  chief  of  the  DCMB  office. 

•  Competition  swells  —  This  search 
is  carried  out  actively.  DCMB  sends 
out  thousands  of  letters  to  potential 
contractors  reminding  them  to  obtain 
and  fill  out  a  capabilities  form  so  that 
they  can  be  listed  in  the  source  file. 

One  result  is  a  significant  increase 
in  competitive  buying  in  the  space  pro- 

gram in  the  past  year. 
Some  35%  of  the  procurement 

handled  through  Watkins'  office  now  is 
going  eventually  to  small  business,  ei- 

ther directly  or  as  subcontracts  from 
primes  and  major  subcontractors.  The 
aim  today  is  an  additional  10%  increase 
for  small  business. 

•  Navy  contracting — The  Navy's Bureau  of  Weapons  is  also  moving  to- 
ward more  delegated  authority  and  in- 

centive-type contracts. 
In  fact,  in  terms  of  numbers  of 

contracts,  it  is  far  ahead  of  the  DOD. 
In  the  first  half  of  Fiscal  1962,  total 
DOD  awards  in  fixed-price  incentive 
contracts  were  12.5%.  BuWeps  per- 

centage was  2AVi%. 
At  present,  procurement  officials 

report,  almost  all  incentive  contracts  are 
in  the  non-space  area.  This,  however, will  change. 

The  Navy  move  to  delegate  author- 
ity is  also  centered  in  its  factory  repre- 

sentatives. The  whole  area  is  being 
studied  by  procurement  officials,  but  no 
decision  has  been  made  as  to  the  scope 
or  policy  changes  which  will  be  made. 

The  BuWeps  contracting  setup  and 
procedures  closely  resemble  AFSC  op- 

erations. Firms  wishing  to  get  on  Bu- 
Weps bidders  list  file  a  Standard  Form 

129.  They  should  be  sent  to:  Depart- 
ment of  the  Navy,  Chief,  Bureau  of 

Naval  Weapons,  Code:  NCS-41,  Wash- 
ington 25,  D.  C. 

Procurement  is  initiated  by  the  Bu- 
reau of  Weapons  and  the  Program  Man- 

agement Office  for  each  system. 
Proposals  are  evaluated  by  an  Evalu- 

ation Board  composed  of  technically 
qualified  personnel  and  procurement 
officials.  Primary  emphasis  is  placed  on 
technical  competence  of  the  firm  and 
technical  feasibility  of  the  proposal 
submitted. 

(For  more  information  on  Navy  and 
Army  procurement  policies  and  proce- 

dures, see  pp.  124  &  132.)  8 
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DISPLAY  SYSTEMS  |  In  just  a  few  seconds,  or  even  less,  command  control  centers  can 

observe  intelligence  data  as  it  develops  in  far-distant  areas  —  friendly  factors  and  hostile 

factors  —  all  in  convenient,  graphic  form,  projected  on  a  screen  30  feet  square.  Much  of  the 

data  received,  whether  in  digital  or  analog  form,  is  charted  dynamically  and  can  be  seen  instantly 

by  those  present.  Such  is  the  proven  capability  of  Kollsman  Information  Display  Systems, 

which  also  provide  an  automatically  plotted  record  of  incoming  information,  and  provision 

for  injecting  written  commands  into  the  projected  image.  Reliability  and  easy  maintainability 

are  inherent  in  the  systems,  now  available  for  commercial  and  military  requirements. 

Aerospace  Ground  Equipment 
Aerospace  Instruments 

Celestial  Navigation 
Display  Systems 

Optical  Electronics 
Ordnance 

Advanced  Research 

Kollsman  Instrument  Corporation 
ELMHURST  73,  NEW  YORK.  SUBSIDIARY  OF  STANDARD  KOLLSMAN  INDUSTRIES.  INC 
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To  qualify  for  the  B-70  Mach  3  aircraft,  this  tire  must  function  for  prolonged 
periods  at  a  temperature  of  360° Fahrenheit.  Conventional  aircraft  tires 
could  not  survive  even  one  mission  at  such  oven  heat. 

Thus  B.F.Goodrich  engineers  had  to  achieve  technical  break-throughs  in 
both  materials  and  design  for  the  B-70  tires.  In  qualification  tests,  the  tires 

were  exposed  for  several  hours  to  a  360° F  environment,  and  then  subjected 
to  a  number  of  simulated  flight  cycles— takeoff,  flight  mission,  and  landing 
—at  this  high  temperature.  The  BFG  tires  have  now  passed  qualification 
tests,  nearly  a  year  ahead  of  schedule. 

The  BFG  tires  set  a  milestone  in  tire  efficiency, 
yet  size  is  reduced  over  conventional  designs. 
The  usual  aspect  ratio  (height  to  width)  is  85% 
to  90%.  The  B-70  tire  ratio  is  63%.  While 
difficult  to  build,  this  means  that  tires  occupy 
less  precious  space. 

Any  way  you  look  at  it,  this  is  the  most  ad- 
vanced tire  ever  built .  .  .  and  the  only  one  quali- 

fied for  the  B-70.  Good  reason  for  you  to  depend 
on  B.F.Goodrich  tires  for  anything  on  wheels.  For 
information  write  B.F.Goodrich  Aerospace  and 

DefenseProducts,adivisionofTheB.F.Goodrich  ™£3tf3Zr££ZZ 
Company,  Department  MR-3,  Akron,  Ohio,  cooking. 

BFG  TIRES  TAKE  ON  THE  TOUGHEST  JOBS 

MACH  3  B-70  being  built  by  North  American  Aviation  .  .  .  tires  must  withstand  hours 
of  elevated  temperatures. 

ROCKET-POWERED  X-15  ... 
leans  back  to  land  on  special  skids, 
then  comes  down  on  dual  nose  wheel 
tires  with  high  impact.  Only  BFG 
fabric  tread  tires  are  used  on  the 
X-15.  Nylon  laminates  are  sand- 

wiched right  into  the  tread  to  reduce 
internal  flexing  and  overheating. 
This  type  of  tire  construction  is  now 
used  on  virtually  all  military  and 
commercial  jets. 

GENERAL  DYNAMICS  B-58 
.  .  .  requires  a  tire  takeoff  capa- 

bility of  300  mph,  faster  than 
any  other  aircraft.  The  16  main 
tires  are  only  22  inches  in  diam- 

eter, thus  tires  are  subjected  to 
extremely  high  stresses.  BFG 
tires  having  a  high-speed  com- 

pound with  BFG  fabric  tread  de- 
sign are  qualified  for  this  service. 

1 
B.EGoodrich aerospace  and  defense  products 
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COMMUNICATIONS 

on  a  beam  of  light 

A  pencil  of  ruby  light  will  slash  across  the  vast  continuum 

of  space  carrying  millions  of  conversations  on  its  solitary  beam. 

Philco  Research  Scientists  are  busy  today  developing  lasers 

for  the  next  generation  of  communications  systems  .  .  .  learn- 

ing how  to  use  the  virtually  unlimited  information-carrying 

capacity  of  this  unique  device  .  .  .  preparing  tO'  provide  effec- 
tive communications  for  space  probes  and  manned 

vehicles  coasting  among  the  galaxies.  Ruby  lasers  are 

typical  of  Philco's  unceasing  efforts  to  increase  its  leader- 
ship in  all  areas  of  communications  for  defense  and  industry. 

PHI  LCO 
Famous  for  Quality 
the  World  Over 

A  SUBSIDIARY  OF  ( 

Communications  and  Weapons  Division  •  Communications  Systems  Division  •  Computer  Division  •  Lansdale  Division 
•  Scientific  Laboratory  •  Sierra  Electronic  Division  •  TechRep  Division  •  Western  Development  Laboratories 

.1  Jf>»*om' 



Dress  rehearsal:  re-entry  from  a  space  mission 

Avco's  new  Space  Sciences  Laboratory  integrates  simu- 
lation studies  of  re-entry  conditions  associated  with  lunar 

and  interplanetary  missions.  Facilities,  including  Avco's 
Super-Orbital  Vehicle  Re-entry  Simulator  (above),  gather 
new  data  in  such  areas  as  heat  transfer  at  supersatellite 
speeds,  optical  radiation  from  flow  fields  around  vehicles, 
electromagnetic  propagation  through  the  plasma  sheath, 

surface  interactions  between  vehicle  and  atmospheric 

fringe,  and  high-temperature  materials.  Planned  additions 
will  give  information  on  re-entry  conditions  in  the  atmos- 

pheres of  Mars  and  Venus.  Data,  supported  by  Avco's  ad- 
vanced capability  in  systems  analysis,  design  and  devel- 

opment, will  help  provide  reliable  performance  predic- 
tions in  these  critical  areas. 

UNUSUAL  CAREER  OPPORTUNITIES  FOR  QUALIFIED  SCIENTISTS  AND  ENGINEERS  .  .  .  REGARDLESS 
OF  RACE,  CREED,  COLOR,  OR  NATIONAL  ORIGIN  .  .  .  WRITE  AVCO/RAD  TODAY.  AVCO  CORPORATION,  RESEARCH  AND  ADVANCED  DEVELOPMENT  DIVISION,  WILMINGTON,  MASS 
^         Circle  No.  61  on  Subscriber  Service  Card  Circle  No.  62  on  Subscriber  Service  Card  ' 



MILITARY  SPACE 
NASA/DOD 

AF  Support 

Role  Grows, 

NASA  Still 

In  Charge 

AF'S  MCMILLAN 

THE  AIR  FORCE  expects  to  spend 
close  to  $400  million  in  support  of 
NASA's  space  program  in  Fiscal  1963. 
The  twelve-month  effort  more  than  dou- 

bles Fiscal  1962  expenditures  of  $160 
million. 

It  also  sharply  accentuates  the  grow- 
ing role  of  the  military  in  America's 

peaceful  space  programs.  That  role  will 
reach  its  high  point  in  Projects  Gemini 
and  Apollo. 

In  NASA's  two-man  space  program, 
the  Air  Force  will  be  responsible  for 
the  procurement  of  both  the  Titan  11 
and  Atlas-Agena  launch  vehicles  which 
will  be  used.  In  addition,  the  Air  Force 
will  provide  the  launch  site,  launch 
crew  and  tracking. 

Further  DOD  participation  will  be 
spelled  out  by  a  joint  study  group  now 
working  on  the  problem. 

For  Project  Apollo,  the  Air  Force 
Systems  Command  is  setting  up  a  liaison 
office  to  work  with  D.  Brainerd  Holmes, 
director  of  NASA's  Office  of  Manned 
Space  Flight. 

The  office  —  Deputy  Commander, 
Manned  Space  Flight — will  be  responsi- 

ble at  the  operating  and  management 
level  for  Air  Force  participation  in  the 
lunar  program.  Other  offices  will  be  set 
up  for  coordination  with  various  NASA 
field  centers. 

Maj.  Gen.  Osmond  J.  Ritland,  Com- 
mander. AF  Space  Systems  Division, 

reportedly  will  be  named  to  head  the 
liaison  office  which  is  already  set  up. 

•  NASA  is  boss  —  One  thing  is 
clear — the  Air  Force  will  have  no  man- 

agement responsibility  in  the  lunar  pro- 
gram. This  will  continue  to  reside  in NASA. 

Its  research  support  of  the  lunar 
program  will  be  extensive,  however. 
One  area  in  which  the  Air  Force  will 
make  a  major  effort  is  bioastronautics. 
Others  are  certain  to  be  launch  tech- 

nology and  operations. 

The  agreement  on  Gemini  will  be 
mutually  beneficial.  The  AF  has  already 
conducted  extensive  research  into  the 
problems  of  rendezvous  in  space — 
which  obviously  has  vast  military 
implications. 

Since  the  prime  purpose  of  Gemini 
will  be  to  prove  the  feasibility  of  ren- 

dezvous, NASA  will  gain  from  the  AF 
experience,  while  the  Air  Force  will 
have  access  to  the  information  obtained 
in  the  program. 

Another  major  area  of  support  is 
the  temporary  assignment  of  officers  of 
all  three  of  the  military  services  to 
NASA.  Approximately  100  Air  Force 
and  about  20  Army  and  Navy  officers 
are  now  serving  with  the  space  agency. 
Highest  ranking  is  Brig.  Gen.  Charles 
Roadman,  director  of  NASA's  space medicine  efforts.  Others  have  important 
positions  at  NASA  headquarters  and 
various  field  centers.  One  Air  Force 
officer  serves  as  one  of  NASA  Admin- 

istrator James  E.  Webb's  chief  assistants. 
•  Space  ground  rules — The  organi- 

zational framework  for  closer  military 
cooperation  with  NASA  in  the  explora- 

tion of  space  was  established  in  a  dec- 
laration on  Feb.  24,  1962,  by  Secretary 

of  Defense  Robert  S.  McNamara. 
Primary  responsibility  for  assisting 

the  space  agency  was  assigned  to  the 
Air  Force,  but  provision  was  made  for 
other  military  services  to  participate  if 
McNamara  so  decides. 

The  policy  statement  declares  that 
"It  is  in  the  national  interest  for  the 
Department  of  Defense,  to  the  extent 
compatible  with  its  primary  mission,  to 
make  its  resources  available  to  NASA, 
in  the  form  of  facilities  and  organiza- 

tions, in  order  to  employ  effectively  the 
nation's  total  resources  for  the  achieve- 

ment of  common  civil  and  military 
space  objectives. 

"Except  as  the  Secretary  of  Defense 
may  otherwise  direct,  the  Secretary  of 

DEPARTMENT  OF  DEFENSE  DIRECTIVE 
Feb.  24,  1962 

SUBJECT:  Department  of  Defense  Support  of  National 
Aeronautics  and  Space  Administration  (NASA) 

References: 
(a)  DOD  Directive  5160.32,  "Development  of  Space  Systems" 
(b)  DOD  Instruction  5129.34,  "Central  Supervision  of  Ground 

Environment  Equipment  and  Technical  Facilities" 
I.  PURPOSE 

The  purpose  of  this  directive  is  to  assign  responsibility  within 
the  Department  of  Defense  for  effective  and  coordinated  man- 

agement of  Department  of  Defense  support  to  programs  of  the 
National  Aeronautics  and  Space  Administration.  Responsibilities 
assigned  by  references  (a)  and  (b)  are  not  affected  by  this 
directive. 

II.  POLICY 
It  is  in  the  national  interest  for  the  Department  of  Defense, 

to  the  extent  compatible  with  its  primary  mission,  to  make  its 

resources  available  to  NASA,  in  the  form  of  facilities  and  or- 
ganizations, in  order  to  employ  effectively  the  nation's  total resources  for  the  achievement  of  common  civil  and  military  space 

objectives. 
III.  RESPONSIBILITIES 

A.  Basic  agreements  between  DOD  and  NASA  relative  to 
program  content,  funding,  scheduling  and  assignment  of  responsi- 

bilities for  programs  requiring  DOD  support  to  NASA  will  be 
made  by  the  Secretary  of  Defense  and  the  Administrator,  NASA. 

B.  The  Director  of  Defense  Research  and  Engineering  is  re- 
sponsible for  the  conduct  of  studies,  program  analyses  and  other 

activities  necessary  to  the  establishment  of  basic  agreements  by 
the  NASA  and  DOD  relative  to  NASA  programs  for  which  DOD 
support  is  required  or  contemplated.  Such  studies  and  analyses 
will  concern  feasibility,  desirability,  scope,  and  other  factors  with 
particular  emphasis  on  determinations  concerned  with  division 
of  effort  between  NASA  and  DOD.  In  addition,  the  Director  of 
Defense  Research  and  Engineering  will  provide,  subject  to  the 
approval  of  the  Secretary  of  Defense,  policy  guidance  to  all  DOD 
components  on  the  scope,  program  content,  scheduling,  level  of 
funding,  and  level  of  effort  to  be  maintained  under  basic  agree- 
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CO-CHAIRMEN 
Dr.  Harold  Brown 
Director  of  Defense  Research  and  Engineering 

Dr.  Hugh  L.  Dryden NASA 

MEMBERS-AT-LAR6E 
Dr.  Robert  C.  Seamans.  Jr. NASA Mr.  William  A.  Fleming    Mr.  John  H.  Rebel  Dr.  Finn  J.  Larsen  LL  Sen.  A.  G.  Trudeau NASA  (Alternate)  Assistant  Secretary  of  Defense   Assistant  Secretary  of  the  Army    Chief  of  Research  and  Development.  USA  (Alternate) 
MANNED  SPACE  FLIGHT  PANEL 
Mr.  D.  Brainerti  Holmes NASA Chairman 
Dr.  Brockway  McMillan 

[  Assistant  Secretary  of  the  Air  Force  I Mr.  Richard  J.  Wisniewski NASA 
Maj.  Richard  Johnson USAf 

UNMANNED  SPACECRAFT  PANEL 
Mr.  Morton  J.  Stoller NASA 
Chairman 
Dr.  Lawrence  L.  Kavanao 
Special  Assistant  (Space)  to  the 

Director  of  Defense  Research  and  Engineering  j Mr.  Jack  Posner NASA 
Lt  Col.  Paul  0.  Nadler DDR&E 

!  LAUNCH  VEHICLES  PANEL 
Or.  Brockway  McMillan 

[  Assistant  Secretary  of  the  Air  Force Chairman 
Mr.  Thomas  F.  Diion NASA 
Maj.  Richard  Johnson USAF 

SPACE  FLIGHT  GROUND ENVIRONMENT  PANEL 
Brig.  Gen  Paul  T.  Cooper 
USAF Chairman 

Cdr  John  K.  Holcomb DDR&E 
Mr.  H.  R.  Brockett NASA 

SUPPORTING  SPACE  RESEARCH  S 
TECHNOLOGY  PANEL 
Chairman  NASA  Appointment  Pending i  Mr.  John  B.  McCauley 

j  Assistant  to  the  Director  of  Defense Research  and  Engineering 
j  Mr.  Newell  D.  Sanders I  NASA I  Dr.  Oswald  F.  Schuefte 
I  DDR&E 

I  DSN 
1  Chairman Mr.  John  P.  Stack 
NASA I  Mr.  Clem  C.  Weissman I  DepL  of  the  Navy 

I  Mr.  Albert  I.  Evans I  NASA 

Chart  Shows  Civilian-Military  Space  Relationship 
the  Air  Force  is  assigned  responsibility 
for  the  research,  development,  test,  and 
engineering  of  satellites,  boosters,  space 
probes  and  associated  systems  necessary 
to  support  specific  NASA  projects  and 
programs  arising  under  basic  agree- 

ments between  NASA  and  DOD." 
The  object  of  the  declaration  is  to 

end  the  disunity — and  sometimes  con- 
flict— that  has  existed  between  the  ci- 

vilian and  military  space  programs  and 
to  establish  close  technical  working 
cooperation. 

•  Down  to  specifics  —  Up  to  this 
point,  the  cooperation  between  the  two 
programs  has  been  almost  completely 
at  the  policy-making  level,  with  either 
Webb  and  McNamara  or  the  Aeronau- 

tics and  Astronautics  Coordinating 
Board  getting  together  to  define  the 
general  areas  of  responsibility  to  pre- 

vent duplication. 
The  problem  has  been  to  continue 

the  cooperation  at  the  working  level. 
John  H.  Rubel,  deputy  director  of  de- 

fense research  and  engineering,  recently 
told  a  hearing  of  the  Senate  Space  Com- 

mittee that  "we've  been  successful  in 
making  policy  and  dividing  responsi- 

bility, but  we  have  had  a  little  more 
difficulty  in  coming  down  to  specifics." 

"We  are  coming  to  the  point,"  he 
said,  "where  broad  policy  is  not  as  im- 

portant as  making  detailed  decisions 
and  working  out  arrangements  in  which 
the  military  research  capability  can  be 
made  available  to  the  space  agency." 

Top-drawer  responsibility  for  de- 
termining in  what  areas  the  cooperation 

will  take  place  remains  in  the  hands  of 
McNamara  and  the  Director  of  Defense 
research  and  engineering. 

•  Picking  vehicles — The  settling  of 
top  policy  questions  between  NASA  and 
the  DOD — which  has  been  handled  so 
successfully  in  the  past — is  the  province 
of  the  joint  Aeronautics  and  Astro- 

nautics Coordinating  Board. 
Besides  establishing  broad  areas  of 

authority  for  each  agency  in  space,  one 
of  the  board's  prime  accomplishments 
was  the  decisions  as  to  what  launch  ve- 

hicles would  be  built  by  both  agencies 
for  space  missions. 

The  so-called  "Golovin"  launch  ve- 
hicle committee  was  an  outgrowth  of 

the  Board.  Its  decision  resulted  in  the 

approval  of  the  Air  Force's  Titan  III, 
and  NASA's  advanced  Saturn  and  Nova 
launch  vehicles. 

The  Board — headed  by  co-chairman 
Dr.  Hugh  L.  Dryden,  Deputy  NASA 

Administrator,  and  Dr.  Harold  Brown, 
Director  of  Defense  Research  and  En- 

gineering— has  four  primary  areas  of 
responsibility: 

1)  Planning  activities  by  NASA 
and  DOD  to  avoid  undesirable  dupli- 

cation and  to  achieve  efficient  utiliza- 
tion of  available  resources. 

2)  Coordination  of  activities  in 
areas  of  common  interest  of  NASA 
and  DOD. 

3)  Identification  of  problems  re- 
quiring solution  by  either  NASA  or 

DOD.' 

4)  Exchange  of  information  be- tween NASA  and  DOD. 
The  board  meets  about  every  six 

weeks  or  whenever  special  meetings  are 
required.  No  formal  votes  are  taken  at 
meetings  and  no  decisions  are  finalized. 

From  this  board  have  come  the  ma- 
jor agreements  for  NASA-DOD  coop- 

eration. Especially  important  are  the  six 
specialized  panels  which  have  been 
set  up  to  settle  specific  problems  in 
various  program  areas.  The  panels 
cover  Manned  Space  Flight,  Unmanned 
Spacecraft,  Launch  Vehicles,  Space 
Flight  Ground  Environment,  Support- 

ing Space  Research  and  Technology, 
and  Aeronautics.  8 

ments  between  NASA  and  DOD.  In  the  discharge  of  these  re- 
sponsibilities, the  Director  of  Defense  Research  and  Engineering 

will  coordinate  with  and  secure  the  assistance  of  the  Secretaries 
of  the  military  departments,  the  Joint  Chiefs  of  Staff,  the  Assistant 
Secretaries  of  Defense,  the  General  Counsel,  and  the  heads  of 
other  DOD  components  as  necessary.  The  Director,  Defense  Re- 

search and  Engineering,  will  review  all  implementing  plans  for 
consistency  with  basic  agreements  between  DOD  and  NASA. 

C.  The  Assistant  Secretary  of  Defense  (Comptroller)  will 
coordinate  the  financial  arrangements  between  NASA  and  DOD 
within  the  framework  of  basic  agreements  entered  into  by  the 
Administrator,  NASA  and  the  Secretary  of  Defense. 

D.  Except  as  the  Secretary  of  Defense  may  otherwise  direct, 
the  Secretary  of  the  Air  Force  is  assigned  responsibility  for  the 
research,  development,  test,  and  engineering  of  satellites,  boosters, 
space  probes,  and  associated  systems  necessary  to  support  specific 
NASA  projects  and  programs  arising  under  basic  agreements 
between  NASA  and  DOD. 

E.  Responsibility  for  DOD  support  of  other  aspects  of  spe- 
cific NASA  projects  and  programs  arising  under  basic  agreements 

between  NASA  and  DOD  shall  be  assigned  to  appropriate  DOD 
components  by  the  Secretary  of  Defense  upon  the  advice  of  the 

Director  of  Defense  Research  and  Engineering,  who  shall  consult 
with  the  Secretaries  of  the  military  departments,  the  Joint  Chiefs 
of  Staff,  and  the  heads  of  other  DOD  components  as  appropriate 
in  preparing  specific  recommendations. 

F.  The  Secretary  of  the  military  department  or  head  of  a 
DOD  component  assigned  primary  responsibility  to  support  spe- 

cific NASA  projects  and  programs,  or  aspects  thereof,  by  the 
Secretary  of  Defense  is  responsible  for  the  detailed  project  level 
planning  necessary  to  implement  his  assigned  responsibilities.  In 
addition,  he  is  responsible  not  only  for  establishing  and  maintain- 

ing such  contracts  and  management  arrangements  with  NASA 
as  are  necessary  to  carry  out  such  programs  and  projects  but  also 
for  coordinating  with  other  DOD  components  whose  facilities 
and  resources  might  be  involved. 

G.  The  Secretary  of  each  military  department  or  head  of  a 
DOD  component  shall  report  monthly  to  the  Secretary  of  De- 

fense on  the  status  and  progress  of  all  implementing  plans,  pro- 
grams, and  projects  for  which  he  is  responsible.  A  copy  of  such 

report  shall  be  furnished  the  Director  of  Defense  Research  and 
Engineering. 

Robert  S.  McNamara 
Secretary  of  Defense 
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V%  ^  DEVELOI 

Amsco 

DEVELOPMENT  FACILITATES 

STERILIZATION 

■¥■  AND  TESTING  OF 

SPACE  PROBE  COMPONENTS 

J-he  apparatus  illustrated  was  devised  by  American 

Sterilizer  Research  and  Development  to  meet  the  require- 

ments of  a  project  undertaken  for  the  National  Aeronautics 

and  Space  Administration  by  jthe  U.  S.  Chemical  Corps 
Biological  Laboratories,  Fort  Detrick,  Maryland. 

This  apparatus  provides  a  rational  and  low  cost  means 

of  exposing  to  sterilant  atmospheres  components  and  sub- 
assemblies of  interplanetary  craft  for: 

*  I  I 
/   Studies  to  deabrmihe  the  effect  of  gaseous 

ster Hants  upon  the  FUNCTION  of  such 

components  and  subassemblies. 

Studies  to  determine  the  microbicidal 

efficiency  of  tolerated  gaseous  sterilants 

with  feasible  techniques. 

£  Terminal  sterjilizajtion,  where  indicated. 

Complete  data  and  procedures  are  covered  in  a  paper  presented  by 
L.  L.  Reed,  R.  R.  Gidner  and  J*  S.  Dinger.  Reprints  are  available  upon 
request  to  American  Sterilizer  Research  Division. 

*l      *  * 
*  This  project  is  merely  one  example  of  the  appli- 

cation of  American  Steril  izer's  considerable  depth 

in  the  fields  of  microbiology,  bacteriology  and  bio- 

chemistry . . .  combined  with  exceptional  versatility 
in  the  development  of  specialized  apparatus.  Our 

research  and  development  facilities  are  staffed  to 

accept  a  limited  number  of  sophisticated  assign- 

ments in  these  fields.  Write  Dr.  John  J.  Perkins, 

Vice  President,  Research  and  Development. 

For  general  brochure  on  R  and  D  facilities, 
request  Publication  No.  IC-610. 

World's  largest  designer  and  manufacturer  of  Sterilizers, 
Surgical  Tables,  Lights  and  related  technical  equipment  for 

Hospitals,  Industry  and  Biological  Research 

AMERICAN 

ERIE-PENNSYLVANIA 
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This  is  General  Motors  Defense  Research  Laboratories 

GENERAL*^  MOTORS . . .  working  in  the  national  interest 

DEFENSE  RESEARCH  LABORATORIES 

SEA  OPERATIONS:  Today,  top-flight  scientists  at  GM/DRL  are  at  work 
in,  on,  and  under  the  sea,  prying  out  the  ocean's  secrets.  From  their  studies  can 
come  detailed  knowledge  pointing  the  way  to  more  precise  methods  of  under- 

water tracking,  navigation,  undersea  charting  and  marine  vehicle  mobility. 

AERO/SPACE  OPERATIONS:  From  the  earth's  surface  to  the 
farthest  reaches  of  outer  space  . . .  from  the  study  of  hyper-ballistics  to  space 
systems  .  .  .  new  propulsion  methods  to  sophisticated  theories  of  quantum 
electronics  . . .  GM/DRL  is  dedicated  to  man's  survival  in  the  universe  about  us. 

LAND  OPERATIONS:  All  scientific  knowledge  is  utilized  in  GM/DRL's search  for  more  effective  systems  operating  in  the  surface  environment.  Research 
into  terra-mechanics,  articulated  vehicles,  and  electronics  is  resulting  in  new 
systems  for  tactical  warfare  and  lunar  and  planetary  exploration. 

BIOLOGICAL  OPERATIONS:  "To  extend  our  knowledge  and  capa- 
bilities in  the  biological  sciences  and  technologies,  expanding  our  understanding 

of  men  in  relation  to  this  and  other  environments  through  creative  research  and 
exploratory  development  programs."  This  is  the  mission  of  GM/DRL  scientists. 

GENERAL  MOTORS  DEFENSE  RESEARCH  LABORATORIES,  SANTA  BARBARA,  CALIFORNIA 
Circle  No.  64  on  Subscriber  Service  Card 55 



MILITARY  SPACE 
ELECTRONICS 

Trend  Toward  $14-16  Billion  by  1970 

Army  has  Advent,  Navy  has  Transit,  both  have  other  interests — 

but  Air  Force  dominates  market  and  may  spend  $15  billion  through  decade 

TOTAL  MILITARY  SPACE  elec- 
tronics expenditures  from  FY  '62 

through  FY  '70  are  expected  to  be  from 
$14-16  billion,  according  to  conserva- 

tive industry  estimates. 
These  estimates  are  based  on  chang- 
ing strategic  and  defense  requirements, 

not  on  a  marked  increase  in  Department 
of  Defense  budget  authorizations. 

Forecasters  see  two  distinct  trends 
over  the  next  9-year  DOD  spending 
period.  First,  the  ratio  of  RDT&E-to- 
procurement  expenditures  is  expected 
to  rise  steadily.  Second,  both  missile  and 
aircraft  electronic  production  expendi- 

tures are  expected  to  drop  steadily  while 
the  electronic  space  market  curves  con- 

tinuously upward.  (See  Tables  1  &  2.) 
•  The  Army  communicates  —  The 

venerable  Signal  Corps  directs  the 
Army's  single  space  task:  the  develop- ment of  active  communications  satellites. 

The  Signal  Research  and  Develop- 
ment Laboratory  at  Fort  Monmouth, 

N.J.,  directs  the  Advent  program.  It  is 
supported  in  varying  degrees  by  the 
Ordnance  Corps  through  Piccatinny  Ar- 

senal, Aberdeen  Proving  Grounds,  Dia- 
mond Ordnance  Fuze  Lab.,  and  the 

Army  Ballistic  Missile  Agency. 
Fallout  from  the  Signal  Corps'  ex- 

tensive microminiaturization  program 
and  applied  research  in  the  semiconduc- 

tor field  will  undoubtedly  find  its  way 
into  the  space  program.  The  same  holds 
true  for  Army  Ordnance.  It  has  a 
strong  capability  in  the  development  of 
fuses,  counters,  programers  and  guid- 

ance and  control  subsystems. 
Both  White  Sands  Missile  Range  and 

the  Electronic  Proving  Grounds  at  Fort 
Huachuca  can  provide  specialized  sup- 

port for  testing  and  instrumentation. 
Now  under  way  at  the  Army's  Sig- nal R&D  Lab.  at  Ft.  Monmouth  are 

several  projects  aimed  at  increasing  the 
military's  space  communications  capa- 

bilities. The  Lab  also  is  placing  a  heavy 
emphasis  on  reliability,  long  on-the-shelf 
and  operating  life  and  shock  and  vibra- 

tion resistance  for  spaceborne  elec- 
tronic gear. 

The  Signal  Corps  currently  is  work- 
ing closely  with  several  electron  tube 

manufacturers  towards  advancements  in 
the  traveling-wave-tube  state  of  the  art. 
These  devices,  which  probably  will  go 
aboard  advanced  Advent  satellites  as 
rf  power  amplifiers,  are  thought  by 
many  to  have  broad  application  in  both 
microwave  transmission  and  reception 
systems.  The  Army  need  is  for  light- 

weight tubes  that  can  operate  at  rela- 
tively high  voltage-efficiencies  for  long 

periods  of  time  in  a  special  environment. 
Army  interest  in  lasers  is  also  quite 

heavy  due  to  the  obvious  satellite- 
communications,  ranging,  and  special- 
purpose  illumination  applications.  Scien- 

tists at  the  Lab,  who  recently  demon- 
strated a  new  3-megawatt  pulsed  laser, 

are  reportedly  at  work  developing  early 
intelligence-modulation  schemes  for  the 
laser  beam. 

Improvement  in  long  term  stability 
and  resistance  to  shock  and  vibration 
extremes  of  frequency  control  crystals 
is  also  attracting  Signal  Corps  attention. 

•  Navy  navigates  —  The  largest 
space  effort  closely  associated  with  elec- 

tronics being  carried  out  by  the  Navy 
is  its  Transit  navigation-satellite  pro- 

gram. Other  electronic  areas  of  current 
Navy  interest  include  space  environ- 

mental studies,  bioastronautics,  space 
telecommunications,  and  geodetic-satel- 

lite studies  (Anna). 
The  Navy  over  the  years  has  built 

up  a  large  electronics  in-house  capa- 
bility. With  its  background  in  develop- 

ing communications  systems,  naviga- 
tional aids  and  fire  control  systems,  it 

could  probably  support  any  electronics- 
oriented  development  project. 

In  addition,  the  Navy  was  the  first 
service  to  set  up  and  maintain  a  long- 
range  electronic  components  quality 
control  program.  Its  first  fundamental 
reliability  studies  were  begun  on  a 
broad  scale  about  1949. 

The  extensive  laboratories  of  the 
Bureau  of  Weapons,  the  vast  scientific 
and  engineering  capability  of  the  Office 

of  Naval  Research,  and  the  many  Navy 
test  facilities  scattered  across  the  coun- 

try lend  support  to  the  Navy's  continued attempts  to  broaden  its  space  assign- 
ments. 

(For  a  look  at  the  Navy's  instrumen- tation facilities  and  future  requirements, 
refer  to  the  Pacific  Missile  Range  story 
on  p.  128.) 

•  But  AF  controls  space — A  look 
at  current  and  planned  Air  Force  ex- 

penditures leaves  little  question  as  to 
who  will  dominate  the  future  military 
space  electronics  market. 

A  reasonable  assumption  is  that  45- 
50%  of  Air  Force  space  funds  between 
now  and  1970  will  go  for  space  elec- 

tronics— roughly  $13.5-15  billion.  Air 
Force  in-house  effort  is  difficult  to  pin 
down,  but  it  probably  runs  between  10 
and  15%  in  dollar  requirements. 

Space  electronics  is  coming  in  for 
strong  emphasis  since  estimates  of  Air 
Force  expenditures  (see  table)  indi- 

cate an  increased  emphasis  on  intelli- 
gence-gathering space  systems.  About 

one-third  of  the  future  AF  R&D  budget, 
at  least  for  the  next  9-10  years,  will  be 
for  such  systems. 

It  will  be  noted  that  only  two  L-type 
command  and  control  systems  are  shown 
in  the  table.  These  are  completely  re- 

lated to  space.  Of  the  seven  existing  L- 
systems  partially  associated  with  space, 
five  are  intelligence-type  systems  and  the 
other  is  a  communications  system. 

If  the  space-associated  L-systems 
also  were  added  to  the  AF  space  totals 

for  the  period  through  FY  '70,  the  over- all electronics  figure  would  approach 
$17  billion.  This  total  could  also,  of 
course,  be  much  reduced  as  concepts 
and  requirements  shift. 

Weapon  systems  rely  heavily  on 
command  and  control  to  provide  a 
successful  weapon.  Electronics  is  a 
vital  tool  for  this  support.  Surveillance, 
reconnaissance,  communications,  and 
navigation  space  vehicles  are  flying  lab- 

oratories of  electronics  systems  and  also 
are  supported  on  the  ground  by  vast 
complexes  of  other  electronic  equipment. 
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Air  Force  in-house  research  and  its 
continuous  R&D  effort  through  industry 
over  the  past  10  years  are  beginning  to 
pay  off  now.  Its  broad  electronics 
R&D  program  now  in  effect  offers  a 
glimpse  of  the  future  trends  in  systems 
development. 

•  Air  Force  RDT&E — Space  does 
not  permit  a  complete  breakdown  of 
the  multitude  of  current  AF  space- 
oriented  R&D  efforts  at  all  the  various 
installations. 

In  general,  however,  Air  Force  elec- 
tronics R&D  is  split  up  as  follows: 

—Electronic  Systems  Division — All 
of  the  command  and  control  systems 
and  technologies  supporting  them  in- 

cluding communications,  data  process- 
ing, intelligence,  displays,  tracking  and 

detection  are  handled  by  ESD.  To 
further  generalize,  ESD's  responsibility 
is  primarily  over  ground  systems  and 
includes  range  instrumentation. 

It  performs  the  advanced  planning 
and  applied  research  necessary  to  con- 

ceive and  determine  requirements  and 
prove  feasibility  of  new  systems.  It 
makes  use  of  other  Air  Force  work 
agencies  for  the  applied  research  nec- 

essary in  hardware  development  and 
systems  testing. 

The  1962  budget  for  ESD  was  in 
excess  of  $850  million.  Support  for  the 
L-type  command  and  control  systems 
alone  was  over  $500  million.  Its  major 
space  system  is  496L,  Space  Track.  Six 
other  L  systems  are  associated  with  the 
space  effort.  Total  funding  for  these 
approaches  $400  million. 

The  Deputy  for  Technology  at  ESD 
is  responsible  for  performing  applied 
research  in  electromagnetic  wave  tech- 

niques, computer  and  data  processing 
techniques,  surveillance  techniques, 
communications  techniques,  electromag- 

netic vulnerability  reduction,  intelligence 
techniques,  and  associated  electronic 
techniques.  Its  current  research  effort 
totals  $115  million. 

The  Mitre  Corp.,  ESD's  not-for- 
profit  technical  associate,  is  currently 
funded  at  about  $30  million.  It  supports 
ESD  in  all  tech  areas. 

A  continuous  problem  at  ESD  is 
the  integration  of  all  its  command  and 
control  systems.  Originally,  these  began 
as  separate  entities.  Now,  the  complete 
integration  of  all  L-systems  is  seen  as 
a  desirable  goal. 

For  the  future  space  effort,  ESD 
long-range  planners  are  developing  the 
concepts  for  launch  control  recovery, 
space  control  and  surveillance  support. 
The  approach  entails  a  combination 
study  of  environment  and  functions. 

—Rome  Air  Development  Center — 
Electronics  applied  research  and  devel- 

opment primarily  in  ground-based  elec- 
tronic systems  and  equipment,  comprise 

the  principal  responsibilities  at  RADC. 

Thus  it  is  a  key  RDT&E  work  agency 
for  the  Air  Force. 

Its  current  R&D  budget  of  over  $95 
million  is  largely  for  non-space  elec- 

tronic work.  It  does,  however,  have  a 
steadily  growing  interest  in  the  field. 

In  varying  degrees,  RADC  supports 
ESD  in  the  hardware  development  of 
most  of  the  L-systems. 

The  Directorate  of  Guidance  and 
Control  provides  major  developmental 
assistance  on  473L  (data  processing  and 
display  control  system  for  command  de- 

cision) and  played  a  major  role  in  R&D 
for  SPADATS,  Space  Detection  and 
Tracking  System,  around  which  496L 
(Space  Track)  will  be  built. 

Major  areas  of  interest  include  all 
facets  of  infrared  and  radar  detection 
and  tracking,  including  advanced  an- 

tenna development,  data  handling  tech- 
niques, and  spacecraft  ground  guidance 

and  control;  high  power  breakdown 
phenomena  and  techniques  for  the 
controlled  use  of  destructive  radi- 

ations; and  highly  advanced  r-f  tube 
configurations. 

G&C  Directorate  is  placing  increased 
emphasis  on  millimeter  waves  and  the 
optical  portion  of  the  radio  spectrum 
for  space  use.  Finally,  it  now  has  pro- 

gramed a  major  study  effort  toward 
future  space  problems  and  potential 
threats. 

Table  7 — Estimated  DOD  Expenditure 
Trends  from  7962-7970  Inclusive 

(In  Billions) 

1962 
1966 

1970 

TOTAL  DOD: 
$43.5 $48.0 

$48.5 
RDT&E 4.5 

7.0 
8.5 

Procurement 14.5 13.0 J  5.0 
Other  costs 24.5 28.0 25.0 

Space 
1.0 

3.0 

6.5 

Missiles 
6.0 

5.0 
4.5 

Aircraft 6.5 
4.0 

3.5 

Other  programs 30.0 36.0 34.0 

Table  2 — Comparison  of  NASA  and  DOD 
Space  Expenditure  Trends 

(In  Billions) 
1962 1966 1970 

Total Avail,  to Industry Total Avail,  to Industry 
Total Avail,  to Industry 

NASA 

DOD $7.8 7.0 $1.4 0.7 $5.5 3.0 
$4.4 
2.6 

$4.9 
6.5 

$3.9 
6.0 

Programs  in  the  Directorate  of  In- 
telligence and  Electronic  Warfare  fall 

roughly  into  two  groups :  1 )  R&D  of 
electronic  countermeasures  and  counter- 
countermeasures  equipment;  2)  infor- 

mation processing,  particularly  with  re- 
spect to  intelligence  systems.  Its  largest 

effort  is  techniques  support  for  the  466L 
program  (Electromagnetic  Intelligence 
System)  for  ESD. 

Advanced  R&D  areas  in  the  Elec- 
tronic Warfare  Lab  include  intensive 

radio  propagation  studies  and  funda- 
mental plasma  research. 

The  Information  Lab  supports  all  L- 
systems  involving  data  processing.  Its 
other  advanced  R&D  areas  include 
studies  of  multi-sensor  approaches  to 
reconnaissance  interpretation  and  the 
entire  field  of  man/machine  relation- 

ships in  data  processing. 

The  Directorate  of  Communications' 
mission  is  the  performance  of  RDT&E 
of  new  or  improved  techniques  and 
equipments  for  use  in  Air  Force  Com- 

munications systems.  Because  of  its 
broad  communications  capability,  it 
takes  part  in  systems  integration  for 
all  Air  Force  L-systems  and  weapon 

systems. 
It  is  responsible  for  the  Air  Force's role  in  passive  communications  satellites 

in  the  development  of  advanced  ground 

systems. Other  major  tasks 
include  antenna  devel- 

opment, advanced  com- munications techniques 
in  space,  and  the  appli- 

cation of  laser  technol- 

ogy for  data  transmis- sion. (An  attempt  will 
be  made  in  the  future 

to  investigate  the  possi- 
ble use  of  an  optical- 

frequency  system  with the  Echo  II  satellite.) 
The  Directorate  an- 

ticipates spending  from 
$300-400  thousand  a 
year  on  laser  develop- ment contracts. 

The  Engineering  Di- 
rectorate of  RADC  sup- 

ports the  other  direc- torates and  is  primarily 

responsible  for  data  dis- 
play development  and for  systems  reliability. 

Forty  percent  of  its  total 
effort  is  performed  in- house. 

Other  areas  of  cur- 
rent research  and  devel- 

opment interest  include 
solid-state  devices,  ex- 

otic energy  sources, 
transmission  and  inter- 

action characteristics  of 
r-f  energy  in  the  very 

high   frequencies,  and 
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Table  3 — Breakdown  of  Predicted  Air  Force  Expenditures  Associated  with  Electronics 
RDT&E  and  Procurement 

tin  Ml/lions  of  dollars) 

■42 

'63 '64 

'65 

'66 '67 

'68 
"69 

'70 

TOTAl 

Dyna-Soar 95 
95 

45 25 12 

?'  ' 

? f t 272 

Discoverer 
30 

45 45 
25 1  5 

160 Global  Surv.  System 8 17 27 

115* 

180 285 
375 

325 270 
1602 Midas 95 100 105 160 180 

135 
120 60 50 1005 7  30 

122 
1 35 170 

145 135 145 

47 

35 1  064 
Satellite  Inspect.  System 10 

40 
60 

100 
130 150 165 125 

105 
885 

Bambi  (anti-ICBM)  Satellite 5 
10 

25 60 
160 

250 400 550 
750 

2210 
Orbital  Weapon  Systems  (2) 5 12 25 50 140 245 

320 

430 435 

1662 
Military  Test  Space  Station — 3 5 17 22 

75* 

130 
165 175 592 

Slomar 15 

80 

220 
285 

345 385 
1330 

Space  Command  &  Control  System 30 30 30 50 100 170 
200 610 Space  Track  (4961) 

60 80 
60 100 

100 
100 120 100 75 

795 

Military  Lunar  Base 5 5 10 20 

37 

77 

Test  Instrumentation 25 50 100 100 120 120 120 120 120 
875 Misc.  Applied  Research 12 25 50 75 75 75 100 100 100 

612 TOTAL 475 
599 

712 
1042 1394 1845 2390 2557 2737 13751 

'Includes  follow-on,  beginning  fiscal  year  indicated. 

personnel  radiation  hazards. 
— Avionics  Directorate,  ASD — The 

third  major  Air  Force  group  for  elec- 
tronics R&D  is  the  Avionics  Directorate, 

one  of  five  major  operational  organs 
of  the  Deputy  Commander/Technology 
at  Aeronautical  Systems  Division. 

Over  70%  of  Avionics'  total  R&D 
effort  is  devoted  to  the  space  effort. 
Current  funding  for  R&D  exceeds  $60 
million:  EW  and  Communications  Lab. 
— $15  million,  Navigation  and  Guid- 

ance Lab. — $20  million,  Recon.  Lab. — 
$16  million,  and  the  Electronics  Tech- 
noloy  Lab. — $9  million. 

In  the  Nav.  &  Guidance  Lab.,  60% 
of  the  effort  is  for  space,  20%  aero- 

nautics, and  20%  for  applications  ca- 
pable of  use  in  either  field.  The  only 

Air  Force  flight  navigation  and  control 
lab,  it  has  responsibility  for  all  such 
requirements  in  the  Systems  Command. 

Current  R&D  efforts  include  all 
types  of  advanced  inertial  and  stellar- 
inertial  components  and  systems,  and 
flight  programers  and  data  processors. 
The  group  is  currently  studying  prob- 

lems and  developing  requirements  for 
satellite  and  lunar  vehicle  guidance 
techniques,  lunar  and  space  flight  sys- 

tems, and  aerospace  intercept  and 
rendezvous. 

In  the  EW  and  Communication 
Lab.,  the  total  space  R&D  effort  is 
relatively  small  since  a  majority  of  its 
programs  are  for  ECM,  ECCM,  and 
related  propagation  studies  for  missile 
and  aircraft  flight  systems. 

Its  space-associated  R&D  includes 
re-entry  plasma  studies  (blackout  prob- 

lems), airborne  communication  satel- 

lite techniques,  a  variety  of  advanced 
space  vehicle  antennas,  optical  com- 

munication for  space-to-space  use,  state- 
of-the-art  telemetry  subsystems,  data 
conversion  systems  and  transducers. 

The  group  also  is  developing  ad- 
vanced techniques  for  data  compression, 

insertion  and  display,  and  is  seeking 
approaches  to  vastly  increased  transmit- 

ter efficiencies.  It  also  has  a  small  pro- 
gram for  the  study  of  unconventional 

communications.  This  is  an  attempt  to 
understand  and  make  use  of  the  com- 

munication processes  employed  by  ani- 
mals and  insects. 

Much  of  the  work  in  the  Recon- 
naissance Lab  is  highly  classified,  as 

might  be  expected.  Over  $10  million 
of  its  $16-million  R&D  funding  is  for 
recon  systems.  The  remainder  is  for 
development  of  new  photographic  films, 
components  and  processes  or  electro- 
optical  sensors  and  detection  techniques 
(for  Samos-  and  Midas-type  systems). 

Two  major  efforts  by  the  Lab  have 
been  the  R&D  for  an  optical  space  sur- 

veillance sensor  and  an  optical  radar 
system.  The  former  employs  a  telescope 
having  a  48-in.-dia.  mirror  and  a  26-ft. 
focal  length  as  a  research  tool.  A 
million-dollar  program  now,  it  will  ex- 

ceed $2  million  eventually. 
A  continuing  program  is  the  devel- 

opment of  high-resolution  terrain  re- 
connaissance systems  for  orbital  or  other 

space  vehicles.  These  will  employ  image 
orthicon  and  TV  for  real  time  or  de- 

layed transmission  to  ground  stations. 
The  Electronics  Technology  Lab  is 

working  toward  more  fundamental  re- 
search in  materials  and  components  ap- 

plied research.  It  is  not  mission-oriented. 
Major  efforts  here  are  in  thermi- 

onics,  molecular  electronics  and  bi- 
onics. Other  R&D  projects  include 

plasma  diagnostics,  thin-film  deposition, 
ion  bombardment  (sputtering  effects), 
solid-state  components,  high-  and  low- 
power  microwave  tubes,  sensor  and  dis- 

play tubes. —Missile  Development  Center — The 
Central  Inertial  Guidance  Test  Facility 
is  located  at  the  AF  Missile  Develop- 

ment Center,  Holloman  AFB.  Its  chief 
mission  is  to  provide  standardized  de- 

velopment testing  of  all  Air  Force 
guidance  and  control  systems. 

CIGTF  often  enters  the  system  de- 
velopment picture  at  the  contract  stage 

by  helping  to  determine  system  require- 
ments and  test  parameters. 

It  often  performs  inertial  component 
tests  for  manufacturers.  Later  it  per- 

forms laboratory  tests  of  subsystems, 
then  sled  tests,  and  finally  flight  tests. 
The  group  performs  its  own  data analysis. 

A  new  CIGTF  addition  that  may 
find  use  in  future  space  programs  is  the 
stellar-inertial  test  complex.  Studies  have 
been  completed  and  the  facility  is  sched- 

uled for  completion  by  the  end  of  1963. 
—Space  Systems  Div. — Last,  but  by 

no  means  least,  of  the  Air  Force  groups 
associated  with  space  electronics  is  the 
Space  Systems  Division. 

Since  it  has  management  responsi- 
bility for  the  development  of  all  Air 

Force  space  systems,  its  electronics  ca- 
pabilities are  extensive.  (For  a  complete 

review  of  SSD's  programs  and  growth 
trends,  see  p.  94  of  this  issue.  8 
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Trackmaster  Vehicle  fromThiokol 

Specialized  vehicle  for  missile  site  maintenance  .  .  .  widening  further  Thiokol  service  in  the  space  age.  Operational 

since  1952,  proven  on  the  Arctic  DEW  line  and  hot  sandy  wastes  of  the  Southwest .  .  .  the  TRACKMASTER 

vehicle  has  "go"  through  country  impassable  to  conventional  vehicles— swamps,  rocky,  rugged  hills  and  deep 
powder  snow.  Low  pressure  design,  extra  wide  tracks,  unusually  low  center  of  gravity,  individual  power  control 

for  each  track  .  .  .  TRACKMASTER  vehicle  combines  these  unique  characteristics  to  assure  high  mobility  and 

top  maneuverability  regardless  of  surface  conditions.  TRACKMASTER  vehicle  can  ride  a  45°  slope  sidelong  with- 
out overturn.  Equalizing  action  of  its  suspension 

system  reduces  front  end  drop.  Simple,  rugged  parts 

make  maintenance  easy.  Reliability  is  established. 

SPECIALTIES  OPERATIONS,  BRISTOL,  PA.,  LOGAN  WORKS,  LOGAN,  UTAH;  AN  EQUAL  OPPORTUNITY  EMPLOYER 

CHEMICAL  CORPORATION 

BRISTOL,  PENNSYLVANIA 

Circle  No.  65  on  Subscriber  Service  Card 
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THE  SKEPTICAL  MEN 

"...habits,"  wrote  John  Dryden,  "gather  by  unseen  degrees,— 
As  brooks  make  rivers,  rivers  run  to  seas." 
All  men  are  susceptible  to  the  accumulation  of  habits.  It's  a  natural  part  of  our  lives 

to  do  things  with  a  certain  repetition. 
But  in  industry,  accepted  ways  of  doing  things,  based  merely  on  repetition,  can 

prove  expensive. 
Because  of  the  complexity  of  projects  carried  out  by  the  aerospace  industry,  it 

has  been  looking  with  increased  skepticism  on  accepted  methods  of  doing  things.  As 
a  result  there  have  arisen  whole  new  approaches  within  management  — approaches 
fulfilled  by  men  in  value  analysis,  quality  control,  product  reliability. 

These  men,  working  together,  and  working  closely  with  engineers  and  purchasing 
agents,  help  cut  needless  expense  while  maintaining  and  increasing  high  levels  of 
reliability. 

Some  of  the  questions  they  ask  are:  "What  is  the  item?"  "What  is  the  function?" 



"What  does  it  cost?"  "What  else  would  do?"  "What  would  that  cost?" 
Questions  such  as  these  may  sometimes  make  their  work  difficult  in  the  area  of 

human  relations,  but  as  the  scope  of  the  work  is  better  understood  these  problems 
decrease.  For  this  new  approach  is  more  than  just  mere  cost  consciousness.  It  is  a 
highly  creative  method  that  allows  management  to  overcome  roadblocks  of  pre-con- 
ceived  ideas. 

Analysis  of  function  is  now  spreading  to  every  level  of  production— from  top 
management  to  the  design  engineer  to  the  purchasing  agent  to  the  man  on  the  line. 

This  is  one  of  the  ways  the  aerospace  industry  is  helping  America  get  the  most 
for  its  defense  and  space  money.  It  has  already  paid  off  in  millions  of  dollars  saved. 

This  is  the  work  of  men  who  are  not  willing  to  accept  the  accepted. 
This  is  the  work  of  the  skeptical  men. 

North  American  Aviation  is  at  work  in  the  fields  of  the  future  through  these  six  divisions:  Atomics 
International,  Autonetics,  Columbus,  Los  Angeles,  Rocketdyne,  Space  &  Information  Systems 



MILITARY  SPACE 
PROPULSION 

An  $8-billion  Investment  by  1970? 

Industry  experts  see  this  as  cost  of  developing  all 

needed  propulsion  technology  of  all  types;  Titan  III  solid-liquid 

booster  viewed  as  'Space  Age  DC-3';  a  survey  of  all  research  fields 

VACUUM  PUMPS  and  low-density  wind  tunnel  in  the  Directorate 
of  Engineering  Test,  Deputy  for  Test  and  Support,  AF's  Aeronautical  Systems  Division. 



MILITARY  BOOSTER  and  pro- 
jlsion  technology  development  may 

fesily  cost  more  than  S3  billion  over 
le  next  eight  years,  industry  analysts 
redict.  This  includes  solids,  liquids,  nu- 
lear,  electric,  storable  and  mixed  con- 
;pts. 

WhOe  military  and  civilian  needs  are 
milar  in  a  general  way.  there  is  a 
narp  difference  in  certain  particular 
reas. 

For  instance,  the  Air  Force  must 
ave  a  fast-reacting  booster  capability 
|nd  higher  degrees  of  maneuverability 
d  perform  routine  military  missions  in 
pace. 

There  is  a  high  degree  of  coopera- 
ion  between  the  Air  Force  and  the 
National  Aeronautics  and  Space  Ad- 
ninistration  in  the  booster  category. 
>IASA  has  been  dependent  upon  the 
\ir  Force-developed  Atlas  for  some  of 
.ts  missions.  The  soon-to-be-operational 
Titan  II  system  will  be  part  of  the  two- 
man  Gemini  project  and  Titan  III  may 
be  used  by  NASA.  But  the  space  agency 
is  rapidly  building  a  liquid  booster  ca- 

pability in  the  Saturn  series. 
Nuclear  rocket  technology  is  pri- 

marily in  the  hands  of  NASA  and  the 
Atomic  Energy  Commission,  but  the 
Air  Force  is  in  constant  touch  and 
funds  corollary  projects. 

The  AF  Large  Solid  Booster  pro- 
gram is  aimed  at  providing  the  basic 

technology  needed  to  increase  payload 
capacity  in  future  space  systems. 

There  is  also  funding  directed  to- 
ward development  of  the  "Aerospace 

Plane" — a  hydrogen-powered,  air- 
breathing  vehicle  capable  of  ground- 
orbit-ground  performance.  This  propul- 

sion system  is  slated  for  the  1970's. 
Getting  back  to  the  near  future, 

there  is  some  talk  about  a  Titan  II- 
Agena  system  to  carry  on  the  routine 
data  and  systems  studies  so  well  han- 

dled by  the  current  Discoverer  pro- 
gram, but  with  an  increased  payload 

ability. 
•  Space  Age  workhorse — The  so- 

called  Titan  III  solid-liquid  booster  is 
expected  to  be  the  DC-3  of  the  Space 
Age — both  in  dependability  and  useful 
lifetime  as  a  system. 

It  is  very  difficult  to  forecast  be- 
yond the  Titan  III.  It  is  regarded  as  a 

workhorse  vehicle  with  a  very  extended 
life — perhaps  10  years. 

For  companies  looking  for  sale  of 
new  products,  this  perhaps  is  disap- 

pointing, but  looking  at  its  from  a  pro- 
gram angle — missions — here  it  would 

appear  that  Titan  III  offers  industry  a 
chance  to  participate  in  a  program  of 
unusually  long  duration.  Where  the 
Thor  buyout  was  completed  in  two 
years,  the  Titan  111  buyout  would  be 
over  a  decade. 

The  booster  will  be  based  on  exist- 
ing technology  and  great  stress  is  be- 
ing placed  on  good  management.  DOD 

insists  the  program  must  achieve  the 
specified  objectives  within  the  cost  esti- 
mate. 

In  line  with  these  objectives,  a  pro- 
gram office  has  been  established  unique 

in  BSD-SSD  and,  possibly,  in  the  Air 
Force.  This  office  has,  within  itself,  all 
the  functions  required  to  manage  the 

job. 
Only  Phase  I  approval  has  been 

granted.  This  covers  a  detailed  planning 
stage  aimed  at  a  vehicle  completely  de- 

fined— and  accurately  priced. 
•  Program  crystallization — Through 

the  solicitation  of  proposals  for  solid 
motors  and  guidance  systems,  the  Air 
Force  is  completing  the  contracts  struc- 

ture. Objectives  of  Phase  I  in  the  Titan 
III  program  include  firming  the  vehicle 
and  facility  configurations,  determining 
the  scope  of  the  program,  identifying 
the  technical  risks  and  establishing  the 
managerial  organizations,  appropriate 
controls  and  contract  structure. 

The  guidance  system  for  Titan  111 
will  have  to  be  new — but  not  "new"  in 
the  sense  of  pushing  the  state  of  the  art. 
The  AF  hopes  to  avoid  any  such  effort, 
and  sees  the  concept  as  having  very 
conservative  design.  Reliance  on  proven 
technology  is  the  theme. 

The  booster  will  be  used  for  Dyna- 
Soar  and  other  programs.  Intentionally 
flexible,  it  will  take  anything  from  very 
heavy  weights  in  low  orbits  to  lighter 
weights  with  higher  escape  velocities. 

The  Titan  111 — or  Soltan — is  ex- 
pected to  have  the  capability  to  place 

12.5  tons  in  a  300-mile  orbit.  The  ve- 
hicle will  use  two  strap-on  solid  motors, 

each  120  in.  in  diameter  and  segmented 
for  flexibility.  Each  of  these  will  have  a 
maximum  thrust  in  the  1 -million-lb. 
area.  The  propellant  cores  will  burn 
regressively,  dropping  the  thrust  down 
to  about  0.5  million  lbs.  at  burnout. 

Basic  vehicles  will  be  modified  Mar- 
tin Titan  ITs,  using  storable  liquid  pro- 

pellants.  Both  stages  will  use  UDMH- 
Hydrazine  as  fuel  and  nitrogen  tetroxide 
for  the  oxidizer. 

One  initial  mission  under  considera- 
tion is  a  24-hour  orbit.  The  Titan  III 

w  ill  put  several  thousand  pounds  in  this 
type  of  orbit.  Part  of  the  flexibility  will 
come  from  a  planned  four-flight  config- 

uration through  the  basic  building 
blocks — Titan  II  and  120-in.  solids  to- 

gether with  high-energy  upper  stages 
in  various  combinations. 

•  Backpedaling  solids — In  the  big 
solid  booster  area,  the  Air  Force  is  to 
conduct  the  development  program  un- 

der a  NASA-DOD  agreement — assum- 
ing the  first  applications  would  be  for 

the  lunar  mission.  At  about  the  time 
this  agreement  was  being  made,  DOD 
was  evolving  the  concept  of  a  family 
of  standardized  launch  vehicles  and 
asked  the  Air  Force  to  perform  studies 
as  to  size  and  other  characteristics. 

But,  when  the  Golivan  committee 
had  finished,  the  large  solid  motor  dis- 

appeared from  consideration  as  a  direct 
and  parallel  alternative  to  the  liquid  en- 

gine for  the  Apollo  mission. 

While  the  first  application  of  ""large"" solids  is  in  the  Titan  III,  development 
of  bigger  motors  is  being  initiated.  The 
Air  Force  is  in  the  process  of  submit- 

ting proposed  programs  to  meet  DOD 
and  NASA  agreements  in  very-large 
solid  motors. 

The  main  AF  work  on  propulsion 
systems  is  performed  at  Wright-Patter- 

son AFB  in  the  Aeronautical  Systems 
Division,  and  at  the  6593rd  Test  Group 
of  Space  Systems  Division  at  Edwards 
AFB.  ASD  is  involved  in  electric  and 
nuclear  ramjet  programs,  while  the 
6593rd  handles  chemical  and  nuclear 
rocket  research. 

The  electrical  devices  under  devel- 
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opment  and  study  cover  all  three  major 
concepts — electrostatic,  electrothermal 
and  magnetohydrodynamic.  All  details 
of  the  work,  in-house  or  on  contract, 
are  classified. 

Cesium  ion  engines  have  been  under 
study  at  Electro-Optical  Systems  Inc., 
for  nearly  two  years;  a  laboratory  dem- 

onstration model  has  been  delivered  to 
ASD.  The  Air  Force  sees  this  engine 
type  as  applicable  to  long-duration missions. 

Work  in  surface  physics  involving 
ion  formation  is  in  progress,  and  other 
efforts  are  aimed  at  increasing  current 
density,  cutting  stray  losses  and  deter- 

mining control  schemes. 
United  Aircraft  Corp.  is  concen- 

trating on  evolving  an  oscillating  elec- 
tric-ion source  and  a  neutral  plasma 

electrostatic  accelerator.  Plasmadyne 
Corp.  is  under  contract  to  ASD  to  dem- 

onstrate, in  the  laboratory,  that  an  arc- 
jet  engine  will  have  the  necessary  effi- 

ciency and  lifetime  to  best  place  a  satel- 
lit  in  a  synchronous  orbit. 

Marquardt  Corp.  will  complete 
ASD-funded  studies  this  year  on 
electrothermal  engines  for  earth-orbital 
transfers,  satellite  attitude  control  and 
orbital  inclination  changes. 

Earth-moon  logistic  transport  in 
electrothermal  engines  is  being  studied 

by  Aerojet-General's  Nucleonics  Divi- sion. 
Less  information  is  available  in  the 

ramjet  area,  nuclear  or  otherwise.  Prog- 
ress has  been  made  in  thrust  vector  con- 
trol, throttling  and  cut-off.  Efforts  have 

been  concentrated  on  improving  the 
rupture  disks  near  the  throat. 

There  is  some  indication  that  one 
promising  approach  to  ramjet  improve- 

ment lies  in  the  possible  combination  of 
a  ramjet  with  a  turbofan — taking  ad- 

vantage of  lower  weight,  advanced 
blade  damping  and  installation  tech- 

niques of  the  turbofan. 
ASD  is  funding  limited  studies  in 

this  area,  but  interest  in  ramjets  is  high, 
primarily  because  of  the  lack  of  oxidizer tankage. 

•  Edwards  to  space — The  propul- 
sion mission-direction  of  the  6593rd 

Test  Group  is  twofold — development  of 
propulsion  systems  for  military  weapons 
and  the  near-parallel  development  of 
the  same  system  for  space  applications. 
The  Group  treats  these  areas  as  differ- 

ent, but  very  close  liaison  is  maintained. 
The  Group  considers  itself  the 

prime  Air  Force  engineering  organiza- 
tion in  the  rocket  field.  Outside  of  its 

in-house  work  for  SSD,  it  provides  en- 
gineering support  to  Aeronautical  Sys- 

tems Division  for  Dyna-Soar  and  other 

projects. Basic  responsibility  for  the  Air 
Force  segmented-booster  program  lies 
with  the  Group,  and  the  feeling  is  that 
big  segmented  solids  look  good  for 

ION  ENGINE  in  test  chamber  of  Propui 
sion  Laboratory,  Directorate  of  Aerome 
chanics,  Deputy  for  Technology,  ASD. 

single-stage  boost  to  orbit. 
About  80%  of  the  Group's  budge 

is  going  into  storables.  A  large  in-housi 
effort  is  being  expended  on  thixotropii 
fuels.  The  main  interest  is  in  producin] 
satisfactory  jells  and  the  application  o 
new  ingredients  as  they  arise. 

The  Group  is  studying  both  basic 
jells  and  new  energy-producing  addi 
tives.  Space  applications  for  the  jell 
look  good,  since  the  high  power  avail 
ability  really  pays  off,  says  the  Group 
There  is  also  the  safety  factor  of  jells 

Liquid  and  solid  attitude  contro 
systems  are  under  investigation.  These- 
would  have  power  levels  on  the  order  of 
0.1  to  1.0  lbs.  thrust  usable  for  periods 
of  10  microseconds  or,  perhaps,  2  milli- seconds. 

The  Air  Force  requirements  in  ma- 
neuvering propulsion  are  varied — from around  5000  lbs.  to  40,000  lbs.  thrust. 

The  Group  says  there  are  very  large 
power  requirements  in  this  area  but 
these  are  "down  the  road"  at  present. 
These  exceed  existing  chemical  propel- 
lant  technology.  The  Air  Force  is  look- 

ing for  something  far  beyond  the  X-15/ 
XLR-99  variable  ratio  for  future  ma- 

neuvering requirements — about  ten 
times  currently  available  ratios. 

In  connection  with  this,  the  Group 
is  working  on  low-chamber-pressure  en- 

gines— both  in-house  and  under  con- 
tract. Such  systems  will  have  to  be 

light  and  simple,  using  very  low  propel- 
lant  feed  and  low  combustion  chamber 
pressures.  Injector  design  plays  a  big 
part  in  the  development. 

The  same  general  area  includes  re- 
start and  variable  thrust — and  the  injec- 

tor design  again  holds  the  key  to  suc- 
cess. The  main  difficulty  is  a  lack  of 

definition  as  to  how  many  restarts  will 
be  required.  A  criterion  is  needed  to 
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determine  the  best  design. 
In  variable  thrust,  the  thinking  is  in 

terms  of  at  least  a  25 : 1  ratio.  This  is  a 
minimum  need  for  control  of  closure 
rates.  An  alternate  approach  is  a  pulsed 

i  on/off  engine,  but  this  creates  other 
problems.  The  Air  Force  is  convinced 
either  type  of  system  is  a  must  for  mili- 

!  tary  space  system. 
The  Air  Force  believes  that  all  such 

developments,  when  successful,  should 
|  be  continued  into  a  range  of  sizes — so 
I  whatever  is  needed  can  be  available 
when  it  is  needed. 

The  Group  says  solids  are  having  a 
hey-day.  They  feel  a  worthwhile  plateau 

I  is  being  achieved  with  LP  ratings  of  240 
'  and  0.9  mass  fractions. 

The  technology  is  moving  further 
into  an  LP  range  between  240  and  260. 
The  Group  is  looking  for  an  increase 
in  I.p.  State  of  the  art  is  currently  be- 

tween 240-250  LP  and  .85  to  .95  mass 
fractions. 

There  is  some  feeling  LP  is  being 
overstressed,  since  it  is  only  one  por- 

tion of  a  system's  performance.  Upper- 
stage  Lp  and  mass  fraction  techniques 
are  quite  well  advanced,  the  Group 
feels,  and  the  knowledge  is  at  hand  to 
build  some  good  performing  vehicles 
for  specific  applications.  Work  is  pro- 

gressing on  high-expansion  ratio  nozzles 
which  will  increase  over  the  40  to  50:1 
ratios  of  today  by  a  factor  of  4 — hope- 

fully, a  factor  of  10. 
•  Maneuvering — Both  liquids  and 

solids  look  promising  for  attitude  con- 
trol, with  the  solids  coming  up  fast. 

Space  maneuvering  with  liquids  still 
looks  best  for  upper  stages,  but  a  com- 

bination is  also  quite  promising.  Liquids 
have  the  flexibility,  but  variations  of 
solids  can  be  built  far  faster. 

In  overall  booster  work,  the  Group 
feels  sure  that  a  chemical  equivalent  of 
nuclear  stages  will  be  feasible  during 
the  next  five  years,  and  there  will  be  a 
major  breakthrough  in  chemical  propul- 
sion. 

The  use  of  rendezvous  techniques 
may  help  knock  down  the  requirements 
for  really  big  boosters  by  developing 
high-performance  upper  stages.  This 
could  be  done  with  segmented  solids. 
But  the  technology  is  now  such  that,  if 
necessary,  engines  larger  than  the  F-l 
could  be  built  by  1970. 

The  primary  approach  pursued  in 
both  liquids  and  solids — in  terms  of 
thrust  vector  control — involves  the  use 
of  secondary  injection  fluids.  Both  hot- 
gas  and  reactant  liquid  methods  appear 
promising,  depending  on  the  particular 
application  or  engine. 

In  space  systems,  the  Air  Force  is 
aiming  at  a  goal  of  one-year  storability 
in  space  by  1965.  All  that  could  prevent 
this  from  becoming  reality  would  be  the 
structural  weight  penalty  associated  with 
meteoroid  protection.  tt 
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NEW  CAREER  POSITIONS 

WITH  PAN  AM 

AT  CAPE  CANAVERAL 

Pan  American,  as  prime  contractor  to  the  U.  S.  Air 
Force,  has  fulfilled  the  responsibility  for  planning,  engi- neering, operating  and  maintaining  Cape  Canaveral  and the  Atlantic  Missile  Range  since  1953. 

Pan  American  scientists  and  engineers  have  partici- pated intimately  in  all  stages  of  the  national  programs 
from  early  V-2  tests  to  present  space  explorations. 

World-wide  operational  facilities  plus  broad  experi- 
ence have  enabled  Pan  American  to  meet  the  require- ments of  the  network  of  missile  tracking  stations  on 

ships  and  islands  spread  over  a  large  portion  of  the 
globe. The  increasing  capabilities  of  missiles  being  developed 
and  tested  are  demanding  new  solutions  to  range  instru- mentation requirements. 

Technically  respected  people  with  leadership  ability are  needed  now  for  assignments  in  these  areas. 
In  addition  to  normal  company  benefits,  Pan  Am 

offers  the  unique  advantage  of  a  90%  world-wide  air- travel  discount.  You  and  your  family  will  enjoy  living  in 
Florida,  a  progressive  state,  with  an  unparalleled  vaca- tion setting  of  sunshine  and  seashore. 

Specific  areas  of  inter- est for  fully  qualified  en- gineers and  scientists  with BS/MS/PHD  degrees  are in: 
Range  Instrumentation 
CW  Radar 
Pulse  Radar 
Infrared Telemetry 

Optics 
Communications Data  Handling 

Range  Planning 
Facilities  Planning 
Facilities  Engineering 
Advanced  Planning 

You  are  invited  to  send  your  resume  in  confidence  to  David  B.  Bruner. 
Personnel  Manager,  Guided  Missiles  Range  Division,  Pan  American  World 
Airways,  Inc.,  P.  O.  Box  4336,  Patrick  Air  Force  Base,  Florida. 

GUIDED  MISSILES  RANGE  DIVISION 

PATRICK  AIR    FORCE   BASE,  FLORIDA 

An  Equal  Opportunity  Employer 
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MILITARY  SPACE 
MATERIALS 

AF  Leads 

Drive  for 

Materials 

Payoffs 

ASD's  Materials  Central 

guides  contractors'  work, 
maintains  close  links  with 

technical  community 

ONE  OF  THE  LARGEST  and 
most  complex  attacks  on  the  whole 
gamut  of  materials  for  space  applica- 

tions is  being  waged  by  the  Directorate 
of  Materials  and  Processes  (Material 
Central),  Aeronautical  Systems  Division 
of  the  Air  Force  Systems  Command. 

Commanded  by  Col.  Lee  Standifer, 
the  organization  handles  the  broad 
ASD-Air  Force  responsibility  for  ap- 

plied research  in  materials.  Its  programs 
are  oriented  to  encourage  and  supple- 

ment the  national  research  effort,  with 
primary  emphasis  in  those  areas  of 
maximum  potential  pay-off  to  the  Air Force. 

The  highly  trained  in-house  working 
force  accounts  for  about  10%  of  the 
Air  Force  materials  research  dollar — 
the  rest  moves  through  Materials  Cen- 

tral out  to  industry,  universities  and 
non-profit  research  institutes. 

Although  equipped  with  over  $5 
million  worth  of  research  apparatus — 
and  more  in  facilities,  the  Directorate's most  critical  task  is  in  the  difficult 
area  of  research  management.  The  vast 
in-house  effort  is  used  to  guide  the  many 
contracted  research  programs  in  a  man- 

ner flexible  enough  to  allow  for  the 
constantly  changing  requirements  of  the 
U.S.  Air  Force — in  effect  of  the  whole 
defense  picture. 

This  calls  for  not  only  the  classical 
R&D  management,  but  also  extended 
excursions  into  the  huge  field  of  manu- 

facturing technology.  A  development 
cannot  prove  to  be  a  dividend  until  it 
is  incorporated  itno  a  weapons  system. 

This  adds  a  much  more  complex 
function  to  Materials  Central.  Bridging 
the  gap  between  the  laboratory  and  the 
production  line  is  a  prime  factor  in 
planning  and  one  of  the  prerequisites 
for  any  new  missile/space  development. 

•  National  network — The  scientific 
complement  at  Wright-Patterson  AFB 
is  an  integral  part  of  the  U.S.  technical 
community.  Men  from  Materials  Cen- 

tral are  constantly  attending  technical 
meetings,  making  personal  contacts  and 
discussing  the  many  particular  prob- 

lems common  to  specific  technical fields. 
This  is  one  example  of  how  the  Air 

Force  is  attempting  to  solve  one  very 
major  problem — the  task  of  directing 
research  with  a  minimum  amount  of 
unnecessary  overlap  between  basic  and 
applied  programs. 

Another  means  is  through  informa- 
tion and  data  dissemination.  For 

example,  a  Graphite  and  Ceramics  In- 
formation Center  is  being  established  at 

Wright  Field  to  afford  a  measure  of 
control  over  a  rapidly  growing  and 
highly  crucial  aspect  of  aerospace  ma- 

terials development. 
Some  of  the  major  problem  areas 

are  outlined  below,  but  this  represents 

only  a  skeletal  description  of  the  entire 
materials  effort.  The  main  theme  is 
time-temperature;  only  those  develop- 

ments necessary  to  space  tasks  are 
mentioned  in  any  detail.  It  should  be 
evident  that  almost  every  program  has 

a  dual  effect — covering  both  "limited 
war"  and  advanced  systems.  The  pro- 

grams are  so  directed  as  to  always  keep 
them  in  line  with  the  overall  Air  Force 
mission. 

The  main  problem  with  refractory 
metals  is  the  catastrophic  oxidation 
which  occurs  above  1200°F.  A  vast 
effort  is  being  made  to  find  protective 
coatings  for  molybdenum,  columbium, 
tantalum  and  tungsten. 

The  main  emphasis  is  on  reliability. 
This  is  a  critical  problem  associated 
with  glide  re-entry  vehicles. 

In  the  general  area,  the  best  coat- 
ings developed  so  far  are: 
—Columbium:  chromium  titanium, 

aluminide,  silicides. 
—Tantalum:  aluminide,  silicon. 
—  Molybdenum:  nickel-zirconia, 

nickel-silica. 
There  is  no  known  coating  which 

the  Air  Force  considers  satisfactory  for 
tungsten  alloys.  None  of  the  coatings 
evaluated  to  date  are  really  considered 
to  be  of  optimum  composition.  Methods 
of  application — such  as  pack  cementa- 

tion, slurry,  vapor  deposition  or  electro- 
deposition — have  not  worked  out  to 
Air  Force  satisfaction.  In  many  cases, 
the  effect  that  the  coating  will  have  on 
the  base  metal  after  long  periods  of 
elevated  temperature  is  unknown. 

As  for  the  refractories  themselves, 
the  molybdenum  and  columbium  alloys 
are  in  a  more  advanced  state  of  de- 

velopment, with  the  moly  alloys  in  the 
lead.  In  both  alloys,  the  mechanical 
properties  are  controlled  by  strain  hard- 

ening and  recrystallization.  Research  is 
progressing  on  columbium-based  alloys 
which  depend  on  dispersion  or  pre- 

cipitation-hardening for  strengthening 

purposes. Besides  coatings,  oxidation  protec- 
tion through  alloy  additions  has  also 

been  tried.  Alloys  showing  considerable 
improvement  in  this  area  have  been 
made,  but  these  lack  the  elevated-temp- 

erature mechanical  properties  of  the 
other  alloys. 

Also  hindering  the  use  of  these 
alloys  are  the  difficulties  in  composition 
control  during  melting  and  fabrication. 
Lack  of  uniformity  in  the  product,  and 
inability  to  control  the  tolerance  of  the 
sheet  stock  to  the  desired  limits,  also 
plague  these  compositions. 

Beryllium's  brittleness  continues  to 
be  a  major  problem  in  the  pure  metal 
and  its  alloys — even  though  designs 
have  circumvented  the  problem  in  some 
cases. 
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Various  compositions  of  titanium- 
base  alloys  are  being  evaluated  by  the 
Materials  Directorate.  Since  this  metal 
exists  in  two  crystallographic  forms  and 
has  a  solubility  for  numerous  metals, 
many  alloys  of  different  character- 

istics aimed  at  specific  applications  are 
possible. 

Titanium  alloys  containing  alumi- 
num and  columbium  show  some  possi- 
bility for  use  at  1600°-1700°F.  The  Air Force  characterizes  oxidation  resistance 

of  these  alloys  as  "good  to  excellent." The  rare  earths  have  been  screened 
for  possible  use  but  the  results  do  not 
indicate  a  great  potential  in  structural 
applications.  Some  will  probably  be  of 
value  as  alloying  agents — yttrium  and 
erbium  improve  the  oxidation  resistence 
of  columbium,  for  example.  Sufficient 
information  is  not  available  to  permit 
determining  the  worth  of  the  rare  earths 
in  specializing  non-structural  applica- 
tions. 

The  Air  Force  is  pushing  research  in 
another  area — the  superalloys — with  an 
eye  towards  developing  alloys  suitable 
for  use  in  the  1900°-2000°F  tempera- 

ture range.  This  would  permit  their 
substitution  for  refractories  with  ac- 

companying weight  savings. 
•  Basic  considerations  —  A  large 

amount  of  ASD's  research  and  develop- ment in  metals  is  more  fundamental. 
Examples  include  work  on  precipitation 
and  dispersion-hardening,  effects  of 
ultra-high  pressures  on  metallurgical 
processes,  the  plastic  deformation  of 
metastable  austenite,  and  the  heat 
treatment  under  unconventional  condi- 

tions— in  a  strong  magnetic  field. 
Some  activity  is  devoted  to  de- 

termining the  properties  of  metallic  ma- 
terials at  cryogenic  temperatures.  This 

is  primarily  aimed  at  gathering  enough 
data  to  permit  a  logical  choice  of  struc- 

tural or  other  materials  for  specific 
appligations. 

No  need  has  yet  been  shown  for 
specially  developed  metals  and  alloys  in 
this  area.  Only  when  it  is  known  that 
none  of  the  presently  available  materials 
will  suffice  will  any  effort  be  expended 
in  this  direction.  The  major  deterrent  to 
the  structural  use  of  inorganic  non- 
metallic   materials — the   ceramics  and 

intermetallic  compounds — is  their  low- 
temperature  brittleness.  Current  mate- 

rials in  this  category  are  restricted  to 
those  applications  where  loads  are  very 
light  and  fracture  would  not  be  serious. 

So  little  is  known  about  the  appli- 
cations of  ceramics  and  intermetallic 

compounds  that  might  interest  the  Air 
Force  that  it  is  difficult  to  give  any 
indication  as  to  what  classes  would  be 
valuable.  The  same  holds  true  in  assess- 

ing their  properties  in  terms  of  aero- 
space requirements. 

The  principal  classes  are  the  car- 
bides, nitrides,  beryllides  and  borides. 

Evaluation  of  these  families  include  the 

pure  forms,  binary  and  tertiary  mix- 
tures in  varying  proportions.  As  an  indi- 

cation of  the  magnitude  of  this  job,  the 
Air  Force  estimates  that  the  time  in- 

volved for  complete  evaluation  is  25-50 
years.  Cost  estimations  are  impossible. 

During  the  next  five  years,  relatively 
few  of  these  materials  will  be  selected 
for  study.  Those  chosen  probably  will 
have  rather  high  melting  points,  and 
have  to  be  fabricated  through  powder 
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metallurgy  or  ceramic  techniques. 
The  effort  will  be  concentrated  on 

the  carbides,  borides,  and  beryllides, 
since  available  data  shows  these  to  have 
the  greatest  potential. 

The  technology  of  carbide  produc- 
tion has  been  reasonably  well  developed, 

says  the  Air  Force,  and  the  compounds 
studied  will  most  likely  be  those  of 
zirconium,  tantalum  and  titanium. 

The  borides  will  be  useful  in  temper- 
ature environments  above  3630°F,  and 

these  compounds  possess  the  important 
advantage  of  excellent  resistance  to  oxi- 

dation without  any  protective  coatings. 
The  potential  is  less  than  that  of  the 
carbides — these  reach  7100°F  in  melt- 

ing points — but  coatings  or  some  other 
method  of  oxidation  protector  is  a 
necessity. 

The  beryllide  development  will  pro- 
ceed at  a  comparatively  slower  pace, 

since  data  on  these  compounds  is  far 
less  extensive  than  that  on  the  other  two 
classes.  These  materials  have  a  better 
resistance  to  oxidation  and  thermal 
shock  than  the  carbides  in  the  3000°F 
range,  they  are  also  reported  to  have 
rather  high  vapor  pressures. 

This  last  characteristic  might  mean 
severe  material  loss  through  evapora- 

tion in  certain  of  the  Air  Force's  in- 
tended operational  environment. 

There  are  a  host  of  specific  require- 
ments in  advanced  aerospace  systems 

for  materials  with  a  broad  range  of 
elastomeric  and  compliant  qualities. 
Applications  include  seals,  flexible  con- 

nectors, sealants,  fuel  containers,  expul- 
sion bladders,  shock  and  vibration 

mounts  and  other  uses. 
Deleterious  environments  to  be  ex- 

pected are  cryogenic  temperatures,  aero- 
dynamic heating,  heat  transfer  from 

hot  working  fluids  or  components,  con- 
tact with  highly  corrosive  fluids  and 

oxidizers,  electromagnetic  radiation,  se- 
vere mechanical  stresses  and  abrasion. 

•  Disproportionate  effects — Subtle 
differences  in  environmental  conditions, 
such  as  a  change  in  working  fluid  for- 

mulation, may  require  the  use  of  en- 
tirely different  base  stocks  or  com- 

pounding. The  single  most  difficult  area 
in  applying  the  high-temperature  capa- 

bilities of  inorganic  polymers  lies  in  the 
field  of  elastomers.  The  molecular  struc- 

tures which  result  in  stability  at  elevated 
temperatures  are  not  usually  elastomeric 
in  nature. 

Carbon-fluorine-nitrogen  composi- 
tions may  have  intrinsic  stability  to 

about  600°F,  but  further  improvements 
in  load-bearing  elastomers  appear  to 
depend  on  progress  in  compounding technology. 

Factors  such  as  purity,  curing  meth- 
ods, additives,  uniformity  and  special 

polymeric  modification  procedures  af- 
fect the  temperature  capabilities  of 

elastomers.  These  particular  aspects, 
and  others,  will  be  emphasized  in  future 
Air  Force  research.  True  elastomeric 

materials  for  use  up  to  600°F  should  be available  within  the  next  five  to  seven 

years. While  elastomerics  are  most  adapt- 
able to  sealing  applications,  tempera- 
ture environment  dictates  the  use  of 

composite  techniques.  Improvements  in 
the  mechanical  properties  of  seals  fash- 

ioned from  metallic  or  vitric  filaments 
can  be  expected  in  the  future.  Better 
definitions  of  performance  criteria 
should  lead  to  more  exact  compounding 
for  specific  purposes.  The  potential  in 
sealants  will  probably  only  be  partially 
realized  because  of  the  effort  remaining 

on  constituents  and  composition  prob- 
lems. 

Incremental  gains  in  temperature 
capability,  stability  and  reactant  mecha- 

nisms will  follow  trends  set  in  the  solu- 
tion of  more  immediate  problems. 
Fiber  work  extends  through  glass 

into  nickel-based  alloys,  tungsten,  mo- 
lybdenum and  even  graphite.  All  of 

these  currently  lack  abilities  in  one  or 
more  property — folding  and  creasing, 
tear  strength  and  oxidation  resistance. 

These  are  being  evaluated  and  in- 
vestigated for  use  in  short-term,  high- 

temperature  environment.  By  1967,  the 
Air  Force  expects  fibrous  materials  to 
achieve  a  capability  for  short-term  ap- 

plications in  the  2000°  to  25(J0°F  range. 
These  fibers  will  probably  be  refrac- 

tory metals,  ceramics  and/or  graphite. 
It  is  anticipated  that  users  will  be  dis- 

satisfied with  the  weight,  bulk  and  stiff- 
ness of  these  materials  and  with  the 

associated  special  handling  require- 
ments. Glass  will  remain  the  preferred 

material  in  the  lower  temperature  re- 
gimes. Air  Force  experts  do  not  expect 

glass  fibers  to  operate  in  temperature 

ranges  in  excess  of  1800°F. One  of  the  more  restricted  areas  in 

the  Air  Force's  materials  work,  in-house 
and  contracted,  concerns  ablative  com- 

positions and  systems.  Since  values 
change  with  vehicle  designs  and  entry 
paths,  no  single  heat-shield  composition 
will  take  care  of  all  applications. 

Technical  problems  under  study  in- 
clude formulations  for  greater  heat 

dissipation,  retention  of  original  dimen- 
sions and  retension  of  required  con- 

figuration after  ablation. 
Another  extremely  varied  field  of 

Air  Force  interest  is  the  development 
of  structural  reinforced  plastics  and 
composites.  This  is  one  area  where  the 
potential  of  inorganic  polymers  may  be 
completely  realized — in  matrix  formu- 

lations and  adhesives.  With  high-tem- 
perature reinforcing  materials  becoming 

increasingly  available,  matrix  materials 
remain  the  primary  limiting  factor  in 
structural  composites. 

Filamentary  forms  of  metals,  metal- 
oids,  and  vitrious  compounds  with  pre- 

ferred crystallinity  or  molecular  struc- 
ture appear  to  be  the  best  means  of 

obtaining  high-strength,  temperature- 
resistant,  high-modulus  fibers.  Rein- 

forcements with  capabilities  up  to 
2000°F  should  be  available  in  five  years. 

It  seems  that  binding  materials  lag 
behind  the  reinforcements.  Inorganic 

polymers  can  probably  meet  a  five-to- 
seven-year  2000°F  limit  for  intermedi- 

ate use-time  periods.  But  beyond  this, 
new  types  of  matrix  materials  may  be 
required.  Some  progress  is  being  made 
with  ceramic-type  binders,  but  formid- 

able problems  exist  in  the  mechanical 

properties. (Continued  on  page  138) 
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Advanced-program  openings  at  Boeing  for 

STRUCTURAL  AND  ELECTRONIC/ ELECTRICAL  ENGINEERS 

Boeing's  Aero-Space  Division,  holder  of  major  contracts  on  such 
advanced  space  programs  as  Saturn,  Dyna-Soar  and  Minuteman, 
has  a  number  of  immediate,  long-range  openings  offering  profes- 

sional challenge,  and  in  many  instances, 
unique  ground-floor  opportunities  in 
newly-formed  divisional  organizations. 

Structural  engineering  openings  require 
knowledge  of  the  air  loads,  high  heating 
rates,  extreme  differential  temperatures, 
material  oxidation  and  creep  associated 
with  advanced  vehicles  designed  for  flight 
regimes  ranging  from  orbital  to  normal 
landing  speeds. 

Electronic /Electrical  engineering  as- 
signments are  available  in  many  areas, 

including  the  design  of  electronic  equip- 

ment, the  development  of  improved  design  techniques,  electronic 
parts,  electronic  packaging  techniques  and  the  design  and  develop- 

ment of  improved  electronic  svstems. 
Salaries  are  commensurate  with  all  levels 
of  education  and  experience.  Minimum 
requirements  are  a  B.S.  degree  in  any 
applicable  scientific  discipline.  Most  of 
the  assignments  are  in  the  uncongested 
Pacific  Northwest,  offering  outstanding 
family  living  and  recreational  advantages. 

Send  your  resume,  today,  to  Mr.  Carl 
Anderson.  The  Boeing  Company,  P.  0. 
Box  3707-MRO,  Seattle  24,  Washing- 

ton. The  Boeing  Company  is  an  equal 
opportunity  employer. 

Divisions:  Military  Aircraft  Systems   •   Transport   •  Vertol   •   AERO-SPACE  .   Industrial  Products— Boeing  Scientific  Research  Laboratories 
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This  special  photograph  was taken  through  the  courtesy  of ADLER  PLANETARIUM,  Chicago. 
A  six-foot  scale  model,  the  Moon 

appears  as  it  would  seem  through 
10-power  binoculars,  and  if  page  were eight  feet  away. 

HALLICR AFTERS  REGIONAL  MANAGERS 
William  E.  Peugh, 
55  Sky  Hill  Drive, 
Alexandria,  Va. 
Area  703;  836-0427. 
James  H.  Rothrock, 
3725  North  Military  Rd 
Arlington  7,  Va. 
Area  703;  525-7223. 
William  Richter, 
P.O.  Box  "C", Remsen,  N.  Y. 
Area  315;  FF  6-8620. 
Gerald  Claffie, Box  435, 
Lincroft,  N.  J. 
Area  201;  SH  7-2369. 

Gerald  Blanton, 
7558  S.  E.  15th  St., 
Oklahoma  City,  Okla. 
Area  405;  PE  7-2456. 
Charlton  Davis, Lowell  Road, 

'  Concord,  Mass. 
Area  617;  EM  9-2833. 
Otis  V.  Goodwin, Thomas  Fenske, 
3898  Linden  Ave., 
Eastown  Arcade, 
Dayton  32,  Ohio. 
Area  513;  253-8821. 
W.  Jackson  Trautvetter, 
1531  S.  Hawthorne  Blvd., Hawthorne.  Calif. 
Area  312;  OS  5-2229. 

George  Soderquist,  W.  Ray  Self, 
328  New  Haven  Ave.,  912  Bob  Wallace  Ave.,  S.W., 
Melbourne,  Fla.  Huntsville,  Ala. 
Area  305;  PA  3-9336.  Area  205;  536-5412. 

18-OUNCE  FM  RECEIVER-  Part  of  transponder 
for  Azusa  missile  tracking  equipment, 
furnishing  precision  trajectory  data.  Built 
for  General  Dynamics/Astronautics. 

CODE  TRANSLATION  DATA  SYSTEM -High- 
speed digital  data  set  contains  transmitter 

and  receiver  in  one  unit.  Send  for  Tech- 
nical Bulletins  #DN-121  and  122. 
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ha//icrafh 

Sails  Into  "the  New  Ocean"* 

of  Aerospace  Electronics! 

Hallicrafters  Quick-Reaction  Capabilities 

Have  Been  Expanded  in  Four  Important  Ways: 

1.  The  highly-respected  scientists,  engineers,  manage- 
ment and  facilities  of  Manson  Laboratories,  Inc., 

Stamford,  Conn.,  have  joined  the  Hallicrafters 

"family"  This  new  subsidiary  enlarges  our  capabil- 
ities in  military  communications. 

2.  Hallicrafters  Aerospace  Division  is  concentrating  its 

well-known  Q.R.C.  forces  in  this  broad  field.  The 

Division  reflects  the  expansion  of  work  and  respon- 
sibilities in  an  ever-widening  variety  of  assignments. 

3.  A  specialized  electronics  research  staff  has  been  es- 
tablished in  the  Los  Angeles  area,  to  serve  Air  Force 

missile  activities  on  the  West  Coast. 

4.  Hallicrafters  is  participating  in  a  new  R&D  and 
manufacturing  facility  to  be  built  in  Chicago,  for 

high-power  microwave  tubes  and  vacuum  devices. 

Among  HALLICRAFTERS  current  assignments: 

•  Missile  deception  and  decoy  systems. 

•  Missile  tracking  systems  (Gulf  Missile 
Range) ;  aerospace  ground  equipment  ; 
ground  checkout  systems;  simulators. 

•  Electronic  Counter-Measure  equipment 
systems  for  bomber  and  fighter  aircraft, 
missiles  and  rockets;  ECM  reconnaissance 
systems;  ECM  simulators. 

•  Radio  Frequency  Interference  measure- 
ment and  reduction;  components. 

•  "Blue  Flash"  Projects  (field  electronic technical  support) 

•  And  of  course,  many  other  classified  pro- 

grams. 
•  This  classic  phrase  was  struck  by  President 

John  F.  Kennedy  February  20,  1962,  in  his 
remarks  over  television  welcoming  Astronaut 
John  H.  Glenn,  Jr.,  back  to  Earth. 

Circle  No.  7  on  Subscriber  Service  Card 
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MILITARY  SPACE 

APU'S 

Flight  Vehicle  Power  Budget  Climbs 

Air  Force  carefully  evaluates  1000  proposals  yearly, 

accepts  70%;  industry  should  be  'energy'-,  not  'power-conscious' 

THE  AIR  FORCE  is  expected  to 
exceed  in  Fiscal  Year  1963  its  current 
multimillion-dollar  budget  for  con- 

tracted applied  research  to  develop  con- 
cepts, components  and  systems  for 

flight-vehicle  power. 
(Flight-vehicle  power  is  the  power 

needed  to  operate  a  flight  vehicle,  ex- 
cluding propulsion  but  including  power 

for  electrical  propulsion  and  for  extra- 
terrestrial sites.) 

The  Aeronautical  Systems  Division's Flight  Vehicle  Power  Branch  (FVPB), 
Wright-Patterson  AFB,  performs  and 
monitors  all  of  USAF's  applied  re- search in  this  field. 

Basic  research  that  could  lead  to  im- 
proved flight-vehicle-power  units,  some- 

times called  APU's  (Auxiliary  Power 
Units),  is  conducted  and  sponsored  at 
Office  of  Aerospace  Research  facilities: 
Aeronautical  Research  Laboratory, 
Wright-Patterson  AFB;  Cambridge  Re- 

search Laboratories,  L.  G.  Hanscom 
Field;  Office  of  Scientific  Research, 
Washington,  D.  C;  and  the  European 
Office  at  Brussels,  Belgium. 

The  APU  work  at  Cambridge  is  spe- 

cifically oriented  to  the  FVPB  program. 
(Dr.  Norman  Rosenberg  heads  up  this 
work  at  Cambridge.) 

When  an  APU  project  shows  strong 
promise  or  potential,  it  is  funded  by 
Headquarters,  USAF,  becoming  a  sep- 

arate line  item  in  the  Air  Force  budget. 
Once  the  Air  Force,  with  the  advice  of 
the  Defense  Department,  sets  up  the 
funding  level,  FVPB  lets  out  and  moni- 

tors the  appropriate  contracts. 

Procurement  of  flight  APU's  is  gen- 
erally made  by  the  weapon-system  con- tractor. 

•  The  shaft  is  gone — FVPB  nor- 
mally writes  between  60  and  75  new 

contracts  a  year,  and  monitors  between 
100  and  125.  The  Branch  evaluates  a 
total  of  about  1000  proposals,  solicited 
and  unsolicited,  every  year.  About  one 
out  of  every  ten  unsolicited  proposals 
is  accepted. 

Many  exploratory  efforts  costing 
less  than  $100,000  are  backed  in  order 
to  ensure  the  Branch  against  missing  a 
potential  development.  FVPB  also 
awards  contracts  on  component  and  sys- 

tem research. 

The  systems  getting  the  greatest  em- 
phasis are  the  300-kw  space-nuclear- 

system  SPUR,  and  the  15-kw  solar- 
mechanical-engine  ASTEC. 

"We're  vitally  interested  in  new  con- 
cepts and  advanced  ideas  directed  ulti- 

mately to  power  systems  for  advanced 
Air  Force  missions,"  FVPB  chief 
George  W.  Sherman  told  Missiles  and 
Rockets.  He  added,  "We  want  unso- 

licited as  well  as  solicited  proposals." (Place  to  write  is  ASD  (ASRMFD), 
Wright-Patterson  AFB,  Ohio.) 

Sherman  pointed  out  that  the  mod- 
ern energy-conversion  concept  was  born 

in  1949,  and  the  Air  Force  has  done 
an  excellent  job  getting  industry  to 
think  of  new  ways  to  generate  power. 

However,  the  FVPB  chief  com- 
plained that  the  program  is  now  sag- 

ging in  the  "utilization"  of  the  gener- ated power.  Equipment  designers  are 
still  thinking  the  way  they  did  in  the 
days  of  conventional  aircraft  and  appear 
to  believe  they  have  infinite  power 
available.  Sherman  added,  "We  want 
industry  to  be  energy-conscious  now — 

not  power-conscious." 
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Sherman  gave  the  following  illus- 
trative but  admittedly  far-fetched  ex- 
amples: instead  of  using  the  sun's  direct 

energy — about  140  watts  per  square 
foot — a  designer  may  consider  an  elec- 

tric stove  for  cooking  meals.  Since 
we  are  able  to  convert  a  square  foot 
of  direct  sunlight  into  only  about  14 
watts  of  electrical  energy,  the  waste  is 
significant. 

"If  we  can  now  get  industry  to  think in  terms  of  utilization  instead  of  only 
generation — using  solar  energy  directly 
instead  of  electrical  power — we  will 
have  gained  a  significant  advance," Sherman  said. 

"In  the  ion  engine,"  he  continued, 
"about  30%  of  the  electrical  power  re- 

quired is  used  simply  to  get  an  ionizer, 
such  as  tungsten,  hot.  We  have  to 
use  about  20  times  more  energy  to 
heat  the  tungsten  electrically  instead  of 
directly  by  the  original  energy  or  ther- 

mal source." 
•  Static  conversion  systems  —  The 

FVPB  is  staffed  in  three  sections:  Dy- 
namic Energy  Conversion,  Static  En- 

ergy Conversion,  and  Transmission 
Technology.  Most  new  concepts  origi- 

nate or  are  monitored  by  personnel  in 
the  first  two  sections. 

The  Static  Energy  Conversion  Sec- 
tion, headed  by  Glenn  M.  Kevern. 

monitors  several  small  contracts  in 
each  of  the  following  areas:  solar  cells, 
fuel  cells,  thermionics,  thermoelectric, 
batteries  and  magnetohydrodynamics 
(MHD). 

•  Thermionics — Kevern  sees  ther- 
mionics as  the  most  promising  area  in 

static  energy  conversion.  He  says  that 
the  method  has  potentially  the  highest 
efficiency  and  lowest  weight  of  any 
other,  and  moreover,  a  thermionics  sys- 

tem can  operate  at  very  high  tempera- 
tures, which  means  that  it  can  function 

with  small  radiators. 
Still,  there  are  major  problem  areas 

in  the  thermionics  field,  brought  in 
chiefly  by  high-temperature  operation. 

jWifl.BBtt'J  J*l„flB!W  Jlyi 1  j* BRANCH 

CHIEF:  GEORGE  W.  SHERMAN 
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There  is  need  to  find  seals  that  will 
hold  up  under  the  operating  tempera- 

tures—from 1100°C  to  2000  °C— and 
contain  reactive  materials  such  as  cesium 
vapor.  Unfortunately,  high  temperatures 
crack  the  seals,  and  most  brazing  or 
ceramic  sealing  materials  are  corroded 
by  the  cesium.  (Cesium  is  used  to  cut 
down  the  electron  charge  that  accumu- 

lates in  the  space  between  the  cathode 
and  anode  of  a  thermionic  diode.) 

•  Fuel  cells — The  chief  problem 
with  fuel  cells  is  that  of  water  removal, 
especially  under  zero  gravity.  In  one 
design,  the  water  goes  to  dilute  the 
electrolyte;  and  there  is  a  consequent 
need  to  get  rid  of  the  water,  perhaps  by 
boiling  it  off. 

In  another  design  the  water  blocks 
the  passageways,  thereby  preventing  the 
gas  in  the  system  from  flowing  properly. 

•  Solar  cells  and  MHD — In  con- 
ventional solar  cells  the  problem  is  to 

reduce  their  production  costs.  A  major 

goal  is  to  develop  "thin-film"  solar  cells, ones  that  can  be  attached  to  flexible 
materials — inflatable  structures  such  as 

balloons — instead  of  to  paddles. 
Since  MHD  is  a  relatively  new  area, 

the  Static  Energy  Conversion  Section 
has  backed  only  preliminary  studies. 

•  Batteries — There  are  two  troubles 
with  batteries,  according  to  James  E. 
Cooper,  of  the  Static  Energy  Conversion 
Section:  they  have  a  relatively  short 
cycle-life,  and  they  weigh  too  much.  In 
some  instances  they  weigh  as  much  as 
the  flight  vehicle. 

Cooper  anticipates  requirements  for 
secondary  batteries  having  as  many  as 
25,000  to  30,000  rechargeable  cycles — 
beyond  the  capability  of  any  battery  we 
have  now. 

In  order  to  get  a  longer  battery  life, 
Cooper  foresees  an  extensive  evaluation 
and  analysis  program  which  on  the 
one  hand  would  determine  the  cycling 
capabilities  of  a  number  of  battery 
couples  undergoing  varying  environ- 

ments and  varying  depths  of  discharge; 
and  on  the  other  hand,  would  correct 
the  deficiencies  of  the  systems  as  a  re- 

sult of  the  test  analyses. 
Cooper  saw  among  the  couples  used 
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High  performance 

Another  proof  that  good  things  come  in  small  packages:  CEC's  new, 

low-cost  Type  PR-3300  Recorder  Reproducer  shown  on  the  opposite 

page.  Equally  at  home  in  a  sub,  lab,  or  missile  base,  it  is  a  solid- 

state  instrument  —  matching  most  of  the  performance  characteristics 

of  larger  recording  devices  on  the  market.  Six  standard  tape  speeds  are 

provided  —  in  pairs  from  60  through  l~g  ips  —  with  gentle,  controlled 
tape  handling.  The  unique  capstan  drive  system  has  the  flexibility  of 

the  open  loop  head  stack  arrangement  with  the  high  performance 

characteristics  of  a  closed  loop.  (And  now  see  the  opposite  page...) 

in  such  a  program  nickel-cadmium, 
silver-cadmium,  and  silver-zinc. 

Cooper  said  that  the  Static  Energy 
Conversion  Section  is  looking  into  new 
types  of  couples  having  higher  energy- 
weight  ratios.  As  an  example,  he  ob- 

served that  molten-salt  systems  offer  a 
potential  greater  than  500  watt-hours 

per  pound. Cooper  lamented  that  the  battery 
business  in  the  past  has  been  more  or 
less  an  art  rather  than  a  science,  and 
he  indicated  that  the  USAF  program 
is  attempting  to  reverse  the  emphasis. 

He  also  observed  that  battery  work 
offers  a  big  area  for  research  which 
could  have  a  high  payoff,  but  is  rela- 

tively neglected  because  it  is  not  as 
exotic  as  others. 

•  Thermoelectric  generator  —  The 
most  dramatic  work  in  the  solar-static 
method  of  energy  conversion  is  being 
done  in  low-temperature  thermoelec- 
trics,  according  to  George  Sherman. 
Present  effort  is  on  flat-plate  solar  ther- 

moelectric units,  where  the  hot  junction 
runs  at  about  300°C  and  the  cold  at 

100°C. (A  high-temperature  thermoelectric 
unit  runs  more  than  1000°C  on  its  hot 
side;  a  medium-temperature  unit,  be- 

tween 500°C  and  1000°C;  and  a  low- 
temperature  unit,  less  than  500°C.) 

Advantage  of  the  thermoelectric 
generator  is  that  it  costs  less  than  solar 
cells  and  is  lighter;  unfortunately,  con- 

version efficiency  runs  about  2%  as 
opposed  to  12%  for  solar  cells. 

The  major  problem  with  the  high- 
temperature  thermoelectric  generator  is 
that  the  materials  involved  tend  to  sub- 

lime away.  "We  could  get  around  the 
problem  by  encapsulation,  but  no  satis- 

factory method  has  been  developed," according  to  Charles  W.  Glassburn, 
scientist  in  the  Static  Energy  Conversion 
Section.  'Therefore  we  must  go  to  more 
reasonable  temperature  operation." Glassburn  said  that  the  hope  is  to 
get  three  to  five  watts  per  square  foot 
out  of  the  solar  flat-plate  thermoelectric 
generator,  and  up  to  20  to  25  watts  per 

pound. 
(Sometime  this  year,  the  first  flat- 

plate  generator  made  by  the  U.S.  is 
to  go  into  a  satellite  payload  for  an 
orbital  experiment.  Plans  are  to  make 
two  such  flights  with  three  panels  on 
each,  typically  4-in.  by  4-in.  units. 
These  will  be  non-concentrated,  rough- 

ly-oriented devices,  which  could  tilt  as 
much  as  30°  off  the  sun-line  and  still 
generate  90%  full  power. 

•  Dynamic  conversion  systems — 
Reflecting  the  philosophy  of  the  Dy- 

namic Energy  Conversion  Section, 
George  E.  Thompson,  its  chief,  also 
expressed  the  mission  of  FVPB  when 
he  said,  "The  general  objective  is  to 
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raise  the  level  of  technology,  not  to  get 
a  specific  piece  of  hardware  to  do  a 
specific  job."  Continuing,  he  said,  "Then 
when  something  is  wanted,  we'll  have 
the  technology  in  being." 

•  SPUR  —  Monitored  by  Thomp- 
son's group  is  the  SPUR  (space  power 

unit  reactor)  program.*  This  power 
system  requires  a  high-temperature  re- 

actor, leading  to  a  relatively  small  and 
therefore  lightweight  space-radiator.  Co- 

incident with  this  requirement  is  the 
need  for  a  system  working-fluid  (potas- 

sium) having  a  low  vapor-pressure  in 
order  to  keep  the  weight  of  the  fluid 
containment  hardware  within  reasonable 
bounds. 

Potential  working  fluids  being  inves- 
tigated for  other  dynamic  systems  are 

rubidium,  lithium,  potassium,  sodium 
and  cesium.  However,  these  alkaline 
metals  are  highly  corrosive,  which 
makes  the  containment  problem  diffi- 

cult. Therefore,  designers  must  con- 
sider using  refractory  alloys  for  the 

tubes,  such  as  columbium  and  molyb- 
denum alloys. 

Designing  with  such  alloys  brings  up 
problems  of  fabrication  and  joining. 
Additional  problems  are  brought  in  by 
severe  oxidation  during  ground  testing 
at  high  temperatures,  and  the  need 
for  stringent  environmental  tests.  In 
effect,  the  entire  problem  revolves  about 
the  need  for  temperature-  and  corrosion- 
resistant  materials. 

•  ASTEC— The  ASTEC  project 
calls  for  a  solar-mechanical  system  able 
to  put  out  15-kw.  Operating  under  a 
Rankine  cycle  and  being  investigated  by 
Sundstrand  Aviation,  Denver,  Colo., 
ASTEC  is  expected  to  provide  the  tech- 

nology for  high-temperature  power 
devices  in  the  10  to  25-kw  regime, 
and  also  the  techniques  which  will 
yield  relatively  higher  efficiencies  and 
performance. 

Aim  of  ASTEC  is  to  get  system 
weight  down  below  70  lb./kw  and  cycle 
efficiency  up  to  24%.  Two  energy  stor- 

age materials  will  be  used,  lithium 
hydride  and  sodium  fluoride.  The  work- 

ing fluid  will  be  rubidium  which  will 
undergo  two  expansions  in  a  high-tem- 

perature turbine  and  a  low-temperature 
turbine. 

(The  high  turbine-inlet  temperature 
of  1750°F  with  a  radiator  temperature 
of  675  °F  is  described  as  potentially 
yielding  a  lightweight  system,  provided 

'■'The  SPUR  program  is  being  con- 
ducted by  AiResearch  Manufacturing 

Co.,  Phoenix,  Ariz.,  with  Aerojet-Gen- 
eral Nucleonics,  San  Ramon,  Calif., 

providing  the  reactor  work.  The  Atomic 
Energy  Commission  is  working  with 
the  Air  Force  to  guide  the  reactor 
investigations. 

and  portable 

In  addition  to  high  performance  (see  opposite  page),  the  PR-3300 

features  portability:  a  single  22%"  case  houses  a  complete  14-channel 

record  and  reproduce  transport.  Removed  from  its  case,  the  unit  can  be 

mounted  vertically  in  most  standard  racks.  It's  a  package  well  worth 
looking  into:  a  recorder  reproducer  outstanding  in  its  class.  For  full 

facts,  call  your  nearby  CEC  office  or  write  for  Bulletin  CEC  3300-X4. 

Data  Recorders  Division 
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..  PENNSYLVANIA 
KEYSTONE  OF  INDUSTRY 

Another  example  of  community-state 

cooperation  in  100%  FINANCING 

SKF  INDUSTRIES,  INC.'S  new  plant  ad 
dition  at  Altoona  in  Blair  County— an 
ultramodern  ball-bearing  manufacturing 
facility— will  employ  600  workers  at  full 
capacity,  covers  110,820  square  feet  of 
plant  and  office  space,  and  represents  a 
total  investment  of  iy2  million  dollars. 

Under  this  cooperative  "100%  Financ- 
ing Plan,"  the  Pennsylvania  Industrial 

Development  Authority  granted  a  $450,- 
000  loan;  the  50%  first  mortgage  was 
provided  by  a  leading  Pennsylvania 
bank;  Altoona  Enterprises,  Incorporated 
(a  local  non-profit  agency)  financed 
$300,000. 

LOANS  =  NEW  PLANTS  =  NEW  JOBS 
A  minimum  2%  interest  rate  and 
a  maximum  25-year  term  on  state 
and  local  agency  loans— 50%  of 
the  total  project  cost. 

In  just  over  five  years,  the  Pennsyl- 
vania Industrial  Development  Authority 

has  made  191  project  loans,  totaling 
$23,509,680,  to  build  or  expand  plants 
representing  an  investment  of  $71,248,- 618. 

These  new  plants  and  expansions 

have  created  31,138  jobs,  with  esti- 
mated annual  payrolls  of  $114,005,395. 

Get  Full  Details  Now! 

The  "Pennsylvania  Plan"  offers  com- 
plete financing  on  lease  or  lease-purchase 

arrangements.  Hand-pick  the  type  of 
community  that  best  meets  your  loca- 

tion requirements;  choose  from  plant 
"shells"  now  ready  for  completion  to 
your  specifications.  Over  150  Pennsyl- vania community  development  groups 
have  funds  and  a  record  of  proven  ex- 

perience in  all  phases  of  industrial  loca- tion and  financing. 

Investigate  the  potentials  of  a  Pennsylvania 
plant  location  now!  Write  for: 
■  Facts  on  "100%  Financing  For  Your  New 

Plant  in  Pennsylvania'' ■  Special  reports  and  tabulations,  tailored  to 
your  specific  location  requirements 

■  "Plant  Location  Services"  brochure 
■  Current  listing  of  available  industrial  build- 

ings and  sites 
■  Full  details  on  Pennsylvania's  equitable "Tax  Climate"  which  excludes  Capital  Stock 

and  Franchise  Tax  on  manufacturing.  Ma- 
chinery and  Equipment  Tax,  Stock  Transfer 

Tax  and  Personal 
Income  Tax 

ADDRESS  INQUIRIES  TO: 

PENNSYLVANIA  DEPARTMENT  OF  COMMERCE 
DIRECTOR  OF  INDUSTRIAL  DEVELOPMENT 
Room  457-  South  Office  Building'  Harrisburg,  Pennsylvania 
Phone:  CEdar  4-2912 

that  the  serious  materials  problems  for 
the  thermal-storage  unit  can  be  solved 
and  a  lightweight  solar  collector  de- 

veloped. This  system  will  require  a  col- 
lector diameter  of  about  45  feet.) 

•  Cryhocycle  —  Sundstrand  Avia- 
tion's Cryhocycle  power-generating  sys- 

tem concept  is  perhaps  the  ultimate  one 
for  short-duration  space  vehicles.  Rea- 

son given  is  that  power  is  taken  from 
waste  heat  and  moreover  the  turbine  is 
operated  at  300°F,  thereby  ensuring 
high  reliability  and  relatively  long  life. 

(The  Cryhocycle  is  a  concept  calling 
for  full  integration  of  the  power-gen- 

eration equipment  with  the  thermal 
control.  Although  the  concept  is  de- 

scribed quite  favorably,  Thompson 
points  out  that  the  power-system  de- 

signer must  also  be  an  exceptionally 
good  systems  integrator.) 

•  Cryogenics  —  Future  programs 
will  still  pose  a  requirement  for  power 
in  the  25  to  100  horsepower  regime. 

One  way  to  get  it  is  through  open- 
cycle  power-generation  system  concept 
Kidde  &  Company  is  working  on  a 
hydrogen-oxygen  system  that  is  ex- 

pected to  yield  between  24  and  40 
horsepower  for  36  hours'  continuous 
operation. 

(Hydrogen  fuel  burned  in  a  com- 
bustion chamber  forms  vapor  which 

turns  a  turbine-alternator  combination.) 
Biggest  problem  in  this  cryogenic- 

type  APU  is  storing  and  pumping  the 
cryogenic  elements — particularly  oner- 

ous in  a  weightless  environment. 
To  help  alleviate  the  pump  prob- 

lem, Thompson  said  that  his  Unit  is 
going  into  a  very  low-flow,  high-pres- 

sure, liquid-hydrogen-pump  program. 
(Most  cryogenic  pumps  are  built 

for  rocket-engine  installation,  needing 
very  high  flow  rates,  far  beyond  those 
needed  for  a  small  horsepower  unit.) 

Thompson  spoke  of  a  Vickers  Inc. 
effort  aimed  toward  use  of  hydrogen 
and  oxygen  in  a  four-stroke  engine.  If 
it  works,  Thompson  foresees  the  possi- 

bility of  getting  the  specific  fuel  con- 
sumption down  to  0.75  lb./hp-hr. 

•  Binary  cycle — Thompson's  Sec- 
tion is  also  starting  a  preliminary  inves- 

tigation of  the  problems  of  a  relatively 
low-temperature  binary  Rankine  cycle. 
Thompson  Ramo  Wooldridge  Inc.  in 
Cleveland  is  doing  the  work.  The  com- 

pany is  looking  into  getting  a  low- 
temperature  cycle  fluid  to  mate  with 
mercury,  which  is  the  high-temperature 
fluid.  Also  to  be  pursued  are  integrating 
the  collector  and  radiator,  and  devising 
a  two-fluid  seal  which  is  needed  if  the 
turbines  of  both  cycles  are  to  be  mounted 
on  the  shaft.  Using  this  binary  technique 
is  one  way  to  get  major  advances  in 
performance  without  having  to  crack 
the  very-high-temperature  materials 
problem.  8 
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BROCHURE from 

YOUR  KEY  TO  27,000  3M  PRODUCTS! 

IPmdlMGftm  Urn  ftlh® 

missile  Industry  Liaison 

From  3M  manufacturing  and  research  come  some 
27,000  diversified  products  .  .  .  many  of  special 
interest  to  the  aerospace  industry.  Let  this  Free 

brochure  be  your  guide  in  3M's  many  product 
fields.  It's  offered  by  3M's  Missile  Industry  Liaison 
(MIL),  your  "direct  pipeline"  inside  3M. 
MIL  talks  your  language.  It's  staffed  by  tech- 

nical personnel  "at  home"  in  rocket  propulsion 
and  other  phases  of  missilery.  Whether  you  are 
concerned  with  a  specific  problem  or  a  general 
area  of  interest,  MIL  can  translate  your  inquiry 
to  those  3M  specialists  who  can  best  assist  you. 
Send  for  your  free  brochure  now! 

Then  keep  up  to  date  by  adding  your  name  to 

MIL's  direct  mail  list  for  the  bi-monthly  3M  Ma- 
terials Memo.  These  mailings  present  the  latest 

in  new  products  and  product  applications  of  in- 
terest to  the  missile  industry.  Clip  the  coupon  and 

mail  it  today. 

3M  PRODUCTS  FOR  THE  AEROSPACE  INDUSTRY 

■  Adhesives  and  Sealers  ■  Ceramics  and  Refractories 
■  Coated  Abrasives  ■  Coated  Fabrics  ■  Data  Dupli- 

cating and  Handling  Systems  ■  Elastomers,  Plastics 
and  Resins  ■  Electrical  Insulation  ■  Fluorinated  Fluids 
■  Instrumentation  Tape  Recorders  and  Magnetic 
Tapes  ■  Metal  Finishing  and  Treating  Materials  ■  Non- 
Skid  Surface  Films  ■  Radioactive  Materials  ■  Pack- 

aging and  Protective  Films,  Papers  ■  Potting,  Encap- 
sulating and  Impregnating  Compounds  ■  Printed 

Circuitry  Materials  ■  Reflective  Films  and  Fabrics 
■  Reinforced  Plastics  ■  Specialty  Tapes  ■  Surface 
Markings  ■  Thermal  Insulation  ■  Thermo-Electric 
Components  ■  Visual  Communications  Systems 

3m  
: 

hi  COMPANY  ■ 

To:  MIL  Group,  Minnesota  Mining  &  Manufacturing  Co., 900  Bush  Ave.,  St.  Paul  1,  Minn. 
Please  send  me: 
□  a  copy  of  the  brochure "Products  for  the  Space  Age." 
□  the  bi-monthly  "3M  Materials  Memo" 
N  AM  E_ 
TITLE_ 
FIRM  

ADDRESS^ 
CITY  
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AF  Experience  Points  to  Growing  Role 

Service  feels  it  can  easily  support  both  civilian 

and  military  programs;  a  look  at  some  of  the  major  objectives 

HOW  DO  YOU  stop  a  runny  nose 
in  zero  g?  Or  does  a  nose  run  at  all? 
How  much  food  should  a  weightless 
man  eat?  Will  our  astronauts  come  back 
fatties,  or  too  thin  and  emaciated  to 
withstand  the  heat  and  vibrations  of 
re-entry? 

These  are  but  a  few  of  the  host  of 
questions  the  Air  Force  seeks  to  answer 
in  the  next  few  years.  For  in  spite  of 
attempts  by  other  organizations  to  down- 

grade its  role,  it  figures  to  play  an  in- 
creasingly important  part  in  bioastro- 

nautics  field. 
The  Air  Force  has  a  hard  core  of 

capable  administrators,  laboratory  men 
and  technicians  in  the  space  medicine 
field.  Almost  anyone  versed  in  the  field 
owes  his  knowledge  in  part  to  the  Air 
Force — to  its  facilities,  its  men  or  its 
financial  support. 

The  service  will  continue  to  make  a 

strong  bid  for  the  task  of  bioastronautics 
support  of  civilian  programs.  As  one 
AF  official  put  it,  "We  are  in  a  good 
position  to  support  any  of  the  nation's space  programs  without  increasing  our 
resources  to  any  great  degree  or  even 
affecting  our  own  programs.  After  all, 
whatever  is  done  in  the  Air  Force  is 

overdesign  for  civilian  programs." The  elevation  last  fall  of  the  Air 

Force's  bioastronautics  into  a  separate 
command  division  indicates  the  growing 
stature  of  the  program.  The  Aerospace 
Medical  Division  of  the  AF  Systems 
Command  now  includes  the  School  of 
Aerospace  Medicine  at  Brooks  AFB, 
the  Aerospace  Medical  Research  Lab- 

oratories at  Wright-Patterson  AFB,  the 
Aeromedical  Laboratory,  Holloman 
AFB,  the  Personnel  Research  Labora- 

tory and  Air  Force  Hospital  at  Lack- 
land AFB,  and  the  Arctic  Aeromedical 

Laboratory  at  Fort  Wainwright. 
A  ballpark  figure  for  the  AF  bio- 

astronautics budget  is  hard  to  find.  Al- 
though some  Congressional  testimony 

has  indicated  it  may  be  around  $12 
million,  it's  probably  a  great  deal  higher 
when  flight  programs,  construction, 
salaries  and  basic  research  funded  under 
the  Office  of  Aerospace  Research  are 
figured  in. 

•  Orbiting  labs— The  first  step  most 
AF  bioastronautics  planners  would  like 
to  take  is  the  orbiting  of  a  carefully 
planned  animal  laboratory.  Several  such 
proposals  have  been  on  the  books  for 
some  time,  such  as  the  Discoverer  mon- 

key capsule  and  the  Biological  Orbiting 
Space  System  (BOSS)  (M/R,  April  24, 
1961,  p.  17).  Lack  of  priority  has  pre- 

vented getting  these  programs  off  the 
ground.  It's  a  good  bet,  however,  that 
something  concrete  will  appear  within 

Navy  Contributes  Greatly  to  Bioastronautics 

WHILE  THE  Air  Force  and  NASA 

debate  who  should  do  the  nation's  bio- 
astronautics work,  the  Navy  has  been 

quietly  continuing  its  work  in  the  field. 
The  Navy's  input  into  the  space 

medicine  world,  although  not  compara- 
ble in  size  to  that  of  either  of  the 

other  agencies,  has  been  an  important 
one. 

The  Navy  centrifuge  at  Johnsville. 
Pa.,  has  played  a  significant  role  in 
the  X-15  and  Mercury  programs.  All 
the  Mercury  astronauts  received  accel- 

eration training  and  performed  flight 
profiles  on  the  device.  And  more  than 
50  potentially  fatal  situations  involving 
the  X-15  aircraft  were  detected  there. 
Auxiliary  studies  at  the  lab  include 
evaluation  of  performance  under  stress, 
biochemical  stress  indicators,  instru- 

mentation and  equipment  design. 
The  Air  Crew  Equipment  Labora- 

tory (ACEL)  at  Philadelphia  has  par- 
ticipated in  the  development  of  much 

of  the  military's  air  crew  equipment, 
and  the  Mercury  spacesuit.  Some  high- 
altitude  and  other  stress  tests  for 
Mercury  were  conducted  there  also. 
This  laboratory  is  certain  to  have  a 
role  in  the  development  of  flight- 
prototype  equipment  for  space,  includ- 

ing regenerative  water  and  oxygen 
devices. 

•  Nautical  Sam — The  School  of 
Aviation  Medicine  at  Pensacola  has 
been  a  leader  in  the  space  business 
since  it  collaborated  with  the  Hunts- 
ville  Army  group  on  the  first  ballistic 
animal  flight  and  recovery.  The  famous 
monkey  Baker,  in  fact,  made  her 
permanent  home  at  Pensacola. 

The  Naval  School's  staff  boasts  such 
research  luminaries  as  Capt.  Ashton 
Graybiel,  Dr.  Herman  J.  Schaefer  and 
Dr.  E.  E.  Beischer,  Dr.  Graybiel,  also 
research  program  director  of  the  School, 
is  known  for  his  outstanding  contribu- 

tions on  disorientation  in  slowly  rotating 

environments. 

Part  of  Dr.  Graybiel's  work  is funded  by  NASA.  U.S.  space  medics 

are  particularly  interested  in  "Titov's sickness,"  and  Pensacola  is  making basic  studies  of  the  mechanisms  of  the 
inner  ear  to  see  which  organs  may 
cause  sickness  under  certain  stresses. 

Experiments  are  made  both  with 
animals  and  humans.  Dr.  Graybiel  told 
M/R  that  by  studying  monkeys  who 
have  had  different  parts  of  their  inner 
ears  surgically  removed,  his  group 
could  learn  much  about  what  causes 
motion  sickness.  Monkeys,  he  said,  are 
susceptible  to  many  of  the  same  types 
of  motion  sickness  as  man. 

A  few  human  subjects  who  have 
suffered  accidents  in  which  parts  of  their 
inner  ears  were  damaged  have  been 
utilized  in  research  also. 

If  the  researchers  can  find  out 
exactly  what  causes  the  sickness,  sweat- 
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a  year. 
•  Weightlessness  —  The  only  new 

tool  the  Air  Force  really  wants  with 
which  to  study  weightlessness  is  the  or- 

bital laboratory.  Some  fine  work  has 
been  done  in  researching  aspects  of 
weightlessness,  such  as  water  simulation, 
but  the  core  of  the  problem  has  not 
been  touched. 

Zero-g  studies  are  being  performed 
both  at  the  School  of  Aerospace  Medi- 

cine at  Brooks  AFB,  and  at  the  Aero- 
space Medical  Research  Laboratory  at 

Wright-Pat.  Brooks  has  confined  its 
work  to  the  partial  immersion  of  its  sub- 

jects, leaving  their  heads  above  water  and 
retaining  communication  with  them. 

At  Dayton,  AMRL  has  studied  the 
confinement  and  isolation  aspects  of 
water  immersion  as  well  as  the  physi- 

ological aspects.  And  brief  moments  of 
true  weightlessness  have  been  experi- 

enced in  the  laboratory's  C-131B  plane. 
Spokesmen  for  the  laboratory  say 

that  research  will  soon  begin  on  methods 
of  propelling  man  in  a  zero-g  environ- 

ment, with  particular  emphasis  on 
whether  or  not  he  need  be  tethered  to 
a  life  line.  The  frictionless  platform  at 
the  lab  is  a  good  tool  for  this  project. 

AMRL  people  wish  to  continue 
their  studies  of  the  physiological,  debila- 
tative  aspects  of  long-term  weightless- 

ness. Presumably  they  will  have  to  be 
limited  to  the  water  tank  approach. 

Probably  the  prime  contractor  requi- 
site in  support  of  this  research  will  be 

in  the  field  of  bioinstrumentation  im- 
provement and  design.  New  instruments 

will  be  needed,  such  as  a  method  of 
measuring  calcium  excretion  and  other 
significant  parameters. 

•  Radiation — The  Special  Weapons 
Center  at  Kirtland  AFB  recently  de- 

signed a  tool  for  measuring  radiation 
which  promises  to  add  a  great  deal  to 
our  knowledge  of  its  potential  effects 
on  man. 

SWC  designed  a  plastic  which  simu- 
lates the  human  skin  in  its  absorption 

properties  and  behavior  under  irradia- 
ton.  Packages  of  this  plastic  have  been 
flown  in  the  X-15,  on  missile  shots  and 
Discoverer  vehicles. 

The  Special  Weapons  Center  is  in- 
terested in  radiation  protection  by  virtue 

of  its  nuclear  weapons  effects  studies. 
Laboratory  studies  have  been  con- 

ducted by  the  School  of  Aerospace 
Medicine.  The  School  has  designed 
high-altitude  balloon  flights  and  rocket 
flight  packages  of  biological  radiation 
counters. 

•  Psychology  —  Isolation  and  con- 
finement studies  have  been  performed 

in  the  water  tank  by  the  Behavorial 
Sciences  group  at  Wright-Pat.  Other 
tests  have  been  made  with  groups  up  to 
five  men,  who  were  isolated  in  the 
anechoic  chamber.  SAM  has  made  sev- 

eral 17-day  and  30-day  tests  in  their 
two-man  simulator. 

A  subject  of  great  interest  to  AF 
psychologists  is  the  ability  of  its  pilots 
to  perform  under  stress. 

•  Biomedical  instrumentation  —  A 
real  field  for  industry  work  is  in  the  im- 

provement of  sensors — the  attachments 
which  convey  the  workings  of  the  body 
to  electronic  data. 

Especially  needed  is  a  blood  pres- 
sure sensor  which  does  not  impinge 

upon  the  wearer's  performance.  An  Air Force  space  medicine  expert  said  that 

a  method  of  taking  a  good  electro- 
encephalogram is  desired. 

The  Air  Force  badly  needs  the  de- 
velopment of  a  simplified  method  of 

readout  of  the  tremendous  amounts  of 
physiological  data  which  can  and  needs 
to  be  secured  from  its  astronauts. 

•  Medical  practice — Within  the  next 
few  years,  the  challenge  of  a  new  era 
of  medical  practice  must  be  faced  by 
the  earth-bound  medical  profession. 

Diagnostic  techniques  and  treatment 
methods  for  weightless  condition  must 
be  developed.  For  instance,  what  is  a 
normal  temperature  and  blood  pressure? 

How  can  medical  men  give  a  blood 
transfusion  or  an  intravenous  drip  in 
space?  A  whole  new  world  of  medicine 
must  be  developed. 

Sensing  and  diagnostic  abilities 
which  can  be  used  in  pre-launch  screen- 

ing must  be  found.  For  example:  which 
of  two  healthy  men  will  develop  a  cold 
next  week?  Which  may  get  an  upset 
stomach?  Some  of  these  questions  may 
be  assessed  on  the  ground.  Most  must 
wait  for  an  orbital  laboratory. 

•  Accelerations  —  A  protective  de- 
vice for  impact  accelerations  in  the  40- 

60-g  regions  would  be  an  object  of 
prime  interest  to  the  Air  Force  now. 
Later,  say  officials,  there  may  be  re- 

quirements for  a  protective  garment  or 
device  for  impact  accelerations  up  to 
100  g.  The  feasibility  of  such  accelera- 

tions is  being  studied  at  Holloman  AFB. 
The  Wright-Pat  Lab  will  get  an 

excellent  research  tool  for  accelerations 
when  the  dynamic  escape  simulator  de- 

signed and  constructed  by  the  Franklin 
Institute  of  Philadelphia  is  finished. 

The  facility,  which  cost  $1.7  million. 

ing  and  visual  aberrations  associated 
with  disorientation,  they  may  be  able 
to  find  drugs  or  other  methods  of 
compensating  for  it. 

•  Gear  required — Some  of  the 
equipment  the  Navy  may  be  looking 
for  in  the  next  few  years  includes  bet- 

ter equipment  for  recording  nystagmus 
(movements  of  the  eyes  indicating  mo- 

tion sickness).  And,  like  the  Air  Force, 
the  Navy  desires  better  integrators  for 
its  instrumentation  and  a  better  read- 

out method. 
Studying  the  mechanisms  of  the 

nausea  syndrome  may  call  for  some 
instrumentation  —  such  as  lightweight 
X-ray  equipment  for  studying  the 
gastro-intestinal  tract.  Navy  spokes- 

men also  foresee  the  need  for  all  the 
equipment  incidental  to  measurement 
of  cardiac  output  under  stress. 

Biochemical  equipment  for  analyz- 
ing the  "cold  sweat"  of  motion  sickness 

and  adrenalin  output  eventually  will  be 

needed. 
According  to  Dr.  Graybiel,  the 

study  of  combined  stresses  is  very  im- 
portant, but  there  is  a  lot  of  basic 

research  to  "knock  off"  first. 
A  new  20-ft.  dia.  rotating  room 

will  be  installed  at  the  School  for  the 
disorientation  studies.  Mild  heat  and 
cold  stresses  will  be  simulated  together 
with  rotation  in  the  new  chamber. 

Dr.  Schaefer  designed  the  small 
nuclear  emulsion  pack  to  measure 
cosmic  radiation  impact  in  Project 
Mercury.  Currently,  he  is  taking  emul- 

sion pack  results  from  Pioneer  shots  to 
determine  what  ionizing  radiations 
they  have  recorded. 

Dr.  Beischer  is  a  leading  expert  on 
biological  effects  of  magnetic  fields  in 
space  travel,  and  has  lectured  and  writ- 

ten papers  on  the  subject. 
•  Other  efforts — NASA  supports 

several  projects  at  Pensacola,  one  of 
them  on  the  effect  of  magnetic  fields 

on  man  and  animals.  The  effect  of  high 
Gaussian  fields  on  animals  and  the 
effect  of  low  and  zero  Gaussian  fields  on 
man  are  getting  special  attention. 

Another  NASA-supported  project 
deals  with  the  development  of  a  ballisto- 
cardiograph  for  zero  g. 

The  Navy's  psychology  department 
is  continuing  its  contributions  in  tech- 

niques for  selecting  astronauts. 
Other  Navy  centers  doing  space- 

applicable  work  include  the  Medical 
Research  Laboratory  at  New  London, 
Conn.  This  center  studies  closed  en- 

vironments in  conjunction  with  its  sub- 
marine support  work. 

In  addition,  the  Naval  Medical  Re- 
search Institute  at  Bethesda,  Md.,  car- 

ries out  some  basic  research  which  is 
relevant  to  space. 

At  Point  Mugu,  Calif.,  the  Naval 
Missile  Center's  Life  Sciences  Depart- 

ment supports  space  medical  studies  at 
the  Pacific  Missile  Range.  8 
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pentaborane diborane 

nitronium  perchlorate decaborane 

hydrazine  diborane new  compounds 

CALLERY  for  high  energy 

by  the  pound  or  carload 

Callery  offers  creative  ideas  backed  up  by  capability  in  high- 

energy  research,  process  development,  production,  energy 

storage  and  safe  handling  techniques.  The  same  production- 

technical  team  that  brought  boranesfrom  laboratory  to  tonnage 

capacity  is  ready  to  work  with  you.  For  product  literature  or  a 

discussion,  call  or  write  Callery  Chemical  Company,  Defense 

Products  Department,  Callery,  Pennsylvania.  Telephone  Evans 

'City,  Pennsylvania,  3520. 

the  free  world's  only  borane  fuel  capability 
CAL  COMPANY 

Circle  No.  11  on  Subscriber  Service  Card 

will  phase  out  the  present  centrifuge  in 
the  biophysics  building  at  ASD.  Re- 

searchers will  study  the  effects  of  com- 
plex acceleration  patterns  on  pilots  and 

astronauts,  including  those  encountered 
in  capsule  escape. 

The  simulator,  which  will  be  opera- 
tional early  next  year,  will  be  capable 

of  applying  forces  up  to  20  g  at  rapid 
onset.  It  also  will  tumble  about  two 
additional  axes,  with  speeds  up  to  30 
and  150  rpm,  respectively. 

Also  to  be  delivered  this  year  is  a 
capsule  which  will  combine  accelera- 

tion, heat  and  pressure  stresses,  and  one 
which  will  enable  the  simulation  of  low- 
frequency,  high-noise  conditions. 

Vibration  problems  have  become  in- 
creasingly important  with  the  develop- 

ment of  larger  rocket  boosters.  A  five- 
month  test  was  just  completed  at  the 
Atlantic  Missile  Range  to  measure  the 
sound  levels  produced  during  present- 
day  launch  operations  at  Cape  Canav- 

eral. Air  Force  researchers  are  trying 
to  estimate  the  hazardous  effects  of 
noise  environments  from  Nova  and 
larger  rockets  upon  antennas  and  other 
equipment.  It  states  that  such  estimates 
are  urgently  needed  to  assist  planners 
in  locating  launch  sites  and  facilities. 
Bioacoustic  data  on  man's  reaction  to 
low-frequency  noise  are  also  definitely needed. 

Re-entry  of  lunar  or  space  vehicles 
is  a  concern  to  bioacoustics  experts. 
Several  pieces  of  equipment  at  the  Aero- 

space Medical  Research  Laboratory 
have  been  used  to  establish  tolerance 
criteria.  These  include  two  vibration 
tables  and  the  vertical  accelerator. 

Restraint  devices  for  the  buffeting 
vibrations  of  re-entry  are  of  interest. 

A  problem  which  goes  hand-in-hand 
with  the  hazards  of  large  booster  noise 
is  the  problem  of  intercommunications. 
The  Air  Force  spokesmen  say  present 
systems  have  a  long  way  to  go  in  reli- 

ability, fidelity,  clarity  and  comfort  if 
they  are  to  be  adapted  to  future  systems. 

A  move  to  contract  for  a  better  sys- 
tem of  audio-communications  between 

vehicle  and  ground  or  control  stations 
can  be  expected  imminently. 

•  Thermal  problems — Man's  toler- ance to  thermal  stress  has  pretty  well 
been  defined,  largely  by  the  work  of  the 
Aerospace  Medical  Research  Labora- 

tory. The  lab  has  several  heat  chambers, 
one  of  which  can  also  simulate  the 
dark-light  sides  of  a  space  capsule.  One 
wall  may  be  heated  to  represent  the 
side  of  a  capsule  in  direct  sunlight,  the 
other  the  dark  exposure  to  space. 

The  problem  becomes  one  of  pro- 
tection. The  Air  Force  is  looking  for 

two  things:  First  it  seeks  materials 
which  have  a  high  heat  reflectivity  which 
can  be  used  in  protective  garments.  It 
also  is  looking  for  a  new  method  of 
ventilating  suits  other  than  by  carrying 
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How  to  go  40  million  miles  on  a  gallon  of  gas 

You  start  with  the  Mariner  spacecraft. 
The  40  million  miles  is  the  approximate  distance 

from  the  planet  Earth  to  the  planet  Venus. 
The  gallon  of  gas  is  hydrazine— a  liquid  propellant 

that  activates  a  jet  to  give  Mariner  an  occasional  shove 
during  its  race  through  space. 

The  people  who  figured  this  whole  thing  out  are 

the  talented  scientists  and  engineers  at  Cal  Tech's  Jet 
Propulsion  Laboratory  in  Pasadena. 

It  takes  a  lot  of  figuring  to  make  these  missions 

into  space.  And  it  takes  a  lot  of  talent  to  make  them 

right.  JPL's  in  the  market  for  talent.  The  best  talent  to  be 
found.  You  with  the  magazine  in  your  hand.  Maybe  you 

have  the  talent  that's  needed.  Write  us  about  yourself. 
Who  knows?  Maybe  you'll  figure  out  a  way  to  do 

it  on  less  than  a  gallon. 

JET  PROPULSION  LABORATORY 
4808  OAK  GROVE  DRIVE,  PASADENA,  CALIFORNIA 
Operated  byCalifornia  InstituteofTechnologyforthe  National  Aeronautics&SpaceAdministration 

All  qualified  applicants  will  receive  consideration  for  employment  without  regard  to  race,  creed  or  national  origin  I  U.  S.  citizenship  or  current  security  clearance  required. 
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R/M  ASBESTOS- 

PHENOLICS 

The  component:  ENGINE  LINER 

The  missile:  NIKE  ZEUS 

Solid  fuel  rocket  engines  inside  the  Nike 
Zeus  missile  are  surrounded  by  super-in- 

sulating materials.  Right  at  the  hottest 
spots  are  insulation  liners  molded  of  R/M 
Style  42RPD  Pyrotex®  mat. 

This  asbestos-phenolic  is  particularly 
suited  for  duty  in  such  hot  spots.  It  ablates 
uniformly  and  in  doing  so  builds  up  a  struc- 

tural char  which  remains  in  place,  resisting 
the  shock,  heat  and  gaseous  forces  which 
act  upon  it.  The  char  actually  improves 
insulating  characteristics. 

Pyrotex  has  good  dimensional  stability. 
It  is  strong  but  light.  And  it  can  be  molded 
in  place  in  the  motor,  or  premolded  and 
then  installed. 
R/M  specialists  are  working  with  most 

of  the  U.S.  missile  contractors  on  a  wide 
variety  of  asbestos-phenolic 
applications.  Ask  R/M  about  \ 
cost  reductions  without  "% 

'    ■   I  I'M 

Cross  section  showing  engine     ̂ BHpf ' li  ner  molded  of  R/M 
s.wi'  t'.t  -  j-sSBr  * 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department.Manheim.Pa. 

SPECIALISTS  IN  ASBESTOS, 
RUBBER.  ENGINEERED  PLASTICS,  SINTERED  METAL 

portable  air  conditioners. 
•  Life  support  engineering  —  The 

Air  Force  has  very  plainly  stated  that 
it  wishes  to  put  its  men  in  their  ideal 
environment — just  like  that  on  earth.  It 
further  says  that  it  is  up  to  the  engineers 
to  make  leak-proof  systems  or  develop 
sealants  for  repairing  spacecraft,  so  that 
a  normal  atmospheric  pressure  and  gas 
mixture  can  be  easily  maintained. 

There  has  been  evidence  that  ex- 
posure to  100%  oxygen  for  long  periods 

of  time  damages  the  lungs.  However, 
more  research  along  these  lines  may 
be  needed,  since  ideal  leak-proof  sys- 

tems may  not  be  available  in  the  near 
future. 

Regenerative  electro-chemical  or 
electro-physical  (solid-state  electrolysis) 
systems  will  be  of  interest  to  the  Air 
Force.  At  present,  planners  wish  to  do 
without  stored  chemical  systems  and 
seek  something  they  feel  is  simpler. 

Flight-perfect  means  of  measuring 
gas  quantities  are  needed.  The  Air  Force 
leans  to  the  gas  chromatography  ap- 

proach eschewing  the  solutions  needed 
for  mass  spectrometry. 

Both  AMRL  and  SAM  will  use  pro- 
totypes of  water  recovery  systems  and 

oxygen  recovery  systems  for  study  under 
simulated  space  conditions. 

The  School  of  Aerospace  Medicine's 
physiology-biophysics  branch  also  is  in- 

terested in  means  of  utilizing  the  excess 
water  produced  by  the  human  body  in 
a  recycling  process.  In  other  words,  the 
body  gives  off  about  10%  more  water 
in  respiration  and  waste  than  it  con- 

sumes. This  water  comes  partly  from 
the  oxidation  of  some  of  the  solid  food 
consumed.  One  suggested  means  of 
disposing  of  this  water  is  by  cycling  it 
into  aquaeous  life  support  systems  such 
as  photosynthetic  gas  exchangers  or 
hydroponic  systems. 

Toxicology  is  a  concern  of  both 
AMRL  and  SAM.  The  advent  of  new 
boosters  presents  a  special  challenge. 
Some  in-house  research  is  being  con- 

ducted— such  as  the  School's  novel  ap- 
proach with  a  calorimeter — but  AF 

sources  say  they  may  be  interested  in 
turning  over  some  of  this  problem  to 
industrial  laboratories  and  universities. 

•  Systems  research — As  each  new 
space  vehicle  and  missile  or  rocket 
system  is  designed,  human  engineering 
techniques  must  be  developed  along 
with  it. 

The  tremendous  amounts  of  in- 
formation which  must  be  handled  by 

the  launch  crew  creates  a  climate  for 
errors.  Ways  of  presenting  this  informa- 

tion in  the  best  and  simplest  manner 
are  needed. 

Better  methods  of  presenting  in- 
flight information  and  design  of  controls 

remains  a  field  in  which  work  can 

always  be  done.  Psychologists'  studies on  how  adequately  and  how  clearly  the 
information  must  be  presented  for  the 
human  to  respond  correctly  also  must 
continue. 

These  aspects  are  largely  handled 
by  the  Aerospace  Medical  Research 
Laboratory,  working  closely  with  Aero- 

nautical Systems  Division  of  the  Air 
Force  Systems  Command. 

•  Selection  of  astronauts — It's  un- 
likely that  the  U.S.  will  deviate  from 

its  policy  of  choosing  the  highest  physi- 
cal and  mental  specimens  for  astronauts. 

However,  some  refinements  may  be 
made. 

As  our  knowledge  of  space  condi- 
tions increases,  it  may  require  the  ad- 

justment of  some  standards.  For  in- 
stance, some  researchers  suspect  that 

far-sighted  men  may  perform  better  in 
space  than  those  with  normal  vision. 
Development  of  exact  criteria  must  be 
done  jointly  by  physiologists,  psycholo- 

gists and  physicians. 
•  Nutrition  —  Dietary  experts  at 

Wright-Pat  have  already  done  much  of 
the  ground  work  on  how  to  prepare  and 
feed  man  during  weightlessness.  Until 
flights  of  long  duration  are  near,  little 
more  needs  to  be  done. 

The  problem  remaining  relatively 
untouched  is  one  concerning  the  caloric 
needs  of  man.  Weightlessness  may  have 
a  profound  effect  on  what  kind  of  a 
diet  spacemen  will  require.  On  the  other 
hand,  the  fact  that  the  orbiting  space- 

man will  eventually  have  to  face  re- 

entry may  mean  that  he  must  "stuff" himself  to  keep  up  his  strength.  This 
can  only  be  determined  by  using  an 
orbital  animal  laboratory. 

•  I)ru»s — If  it  is  determined  that 

drugs  may  be  needed  to  maintain  a 
normal  existence  in  space  (to  make  it 
possible  to  sleep,  for  example)  the  Air 
Force  must  be  assured  that  the  side 
effects  are  not  worse  than  the  malady. 
Most  such  decisions  will  wait  until  an 
orbiting  laboratory  helps  determine 
what  may  be  needed. 

•  Hypnosis — The  Air  Force  is  not 
actively  pursuing  hypnosis  or  hiberna- tion as  an  immediate  problem,  although 
some  researchers  feel  that  either  may 
have  application  in  about  10  years.  The 
Office  of  Aerospace  Research,  does, 
however,  endorse  basic  research  in  this 
field. 

A  big  problem  limiting  the  growth 
of  the  aerospace  bioastronautics  effort 
is  the  lack  of  qualified  people  on  all 
levels.  As  one  AF  expert  put  it  "We 
need  physiology  majors  who  understand 
engineering  disciplines  and  systems  de- 

velopment— and  vice  versa. 
"Until  we  get  more  qualified  people, 

there's  not  much  point  in  putting  in  a 

great  deal  more  money." 
84 Circle  No.  12  on  Subscriber  Service  Card missiles  and  rockets,  March  26,  1962 



CONTROL  DATA  1604:  KEY  TO  WEATHER  FORECASTING 

We  all  know  that  the  weather  affecting  many  of  our  activities 
is  the  result  of  movements  in  the  blanket  of  air  around  us. 
The  process  of  forecasting  the  weather  involves  collecting 
data  from  thousands  of  observation  stations,  analyzing  the 
data  into  charts  of  initial  conditions,  and  finally  conceiving 
the  forecast  from  these  conditions  —  all  of  this  demanding 
thousands  of  tedious  hand  operations. 

Today,  Navy  meteorologists  have  achieved  faster  and  more 
accurate  weather  products  for  Fleet  use  by  completing  these 

same  operations  entirely  by  computer.  At  the  Navy's  Fleet 
Numerical  Weather  Facility,  Monterey,  California,  the  task 
of  forecasting  weather  and  oceanographic  conditions  has 
been  assigned  to  Control  Data  1604  Computer  systems. 

From  thousands  of  observation  stations,  the  Control  Data 
1 604  computers  receive  masses  of  raw  data  in  a  variety  of 
codes,  process  this  data,  and  perform  millions  of  calcula- 

tions. The  1604's  then  produce  pressure-pattern  charts  for 
areas  as  large  as  the  Northern  Hemisphere  or  as  precise  as 
the  Continental  United  States,  as  shown  above. 

In  a  matter  of  minutes,  the  Control  Data  1604  Computer 
systems  perform  millions  of  laborious  calculations  in  plot- 

ting such  charts  with  which  meteorologists  can  more  pre- 
cisely forecast  weather.  The  tremendous  speed,  built-in 

precision,  and  large  high-speed  storage  capacity  of  Control 
Data  1604  Computers  are  being  used  daily  to  aid  man  in 
predicting  his  weather  environment. 

CONTROL  DATA 

CORPORATI  ON 

COMPUTER  DIVISION 

501  PARK  AVENUE.  MINNEAPOLIS  15.  MINNESOTA. 



BUILDING  BLOCKS  FOR  LARGE  SPACE  BOOSTERS 

Using  the  UTC  "Building  Block"  concept,  clusters  of  large  solid 
propellant  rockets  developing  multi-million-pound  thrust  can  be 
provided  to  lift  the  biggest  space  payloads  now  contemplated. 
Successful  firings  have  proved  these  UTC  solid  propellant  segments 
can  be  readily  transported,  locked  together  and  fired  with  maximum 
reliability. 

UNITED  TECHNOLOGY  CORPORATION 

P.  O.  Box  358,  Sunnyvale,  California 
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MILITARY  SPACE  CENTERS 
DEPARTMENT  OF  DEFENSE 

Services  Propose— DOD  Disposes 

Department  leadership  maintains  that  technology 

needs  much  more  development  before  military  role  is  enlarged 

DR.  HAROLD  BROWN — R&D  Director. 
His  office  holds  the  pursestrings. 

"He  who  chases  after  two  rabbits 
catches  neither." 

THIS  JAPANESE  proverb— quoted 
by  Assistant  Secretary  of  Defense  for 
Research  and  Engineering  John  H. 
Rubel  in  an  interview  with  M/R — is 

probably  the  best  synthesis  of  DOD's 
opposition  thus  far  to  an  expanded  mili- 

tary role  in  space. 
In  the  thinking  of  Defense  Depart- 

ment officials,  the  military  services 
would  do  well  to  concentrate  on  results 
from  projects  in  being  before  making 
demands  for  more  resources. 

Two  cost  over-runs  in  the  Advent 
communications  program,  and  similar 
delays  and  procrastinations  in  the  Satel- 

lite Interceptor  program,  were  cited  by 
one  Defense  official  as  proof  of  the  lack 
of  solid  achievement  in  the  military 
space  program. 

JOHN  RUBEL — Assistant  Secretary.  Acts 
for  Department  on  space  matters. 

Rubel  and  other  DDR&E  officials, 
however,  are  not  suggesting  that  the 
second  "rabbit"  be  neglected. 

Rather,  they  are  pressing  for  what 
they  consider  an  orderly  development 
of  technology  so  that,  when  a  military 
mission  for  man  in  space  does  material- 

ize, the  technology  to  support  this  mis- 
sion effectively  will  exist. 

"We  are  a  long  way  from  that  point 
now."  Rubel  asserts. 

Consequently.  DOD  planners  insist 
that  the  military  space  budget  will  grow 
steadily  over  the  next  four  to  five  years, 
but  will  nowhere  approach  the  explosive 
growth  of  the  NASA  budget.  Far  more 
likely,  in  the  opinion  of  DDR&E  plan- 

ners, will  be  incremental  increases — 
such  as  the  $300  million  Military  Astro- 

nautics boost  in  the  FY  '63  R&D 
budget. 

JACK  P.  RUJNA — A RPA  head.  Agency 
links  basic  research  with  weapons. 

•  DDR&E   power   increased  —  In 
the  same  directive  assigning  the  Air 

Force  the  responsibility  for  "research, development,  test  and  engineering  of 
Department  of  Defense  space  develop- 

ment programs  or  projects,"  the  power and  control  of  the  Director  of  Defense 

Research  &  Engineering  was  substan- 
tially increased. 

According  to  the  March  6,  1961. 
directive,  each  military  service  is  free 

to  conduct  "preliminary  research"  on 
space  projects  which  might  be  helpful 
to  it  in  accomplishing  its  assigned  mis- 

sions. However,  DDR&E  is  given  the 
power  to  determine  the  scope  of  such 
research  "in  terms  of  expenditure  lim- 

itations and  other  appropriate  condi- 

tions." 

The  authority  of  the  Director  of 
Research  and  Engineering  was  also  ex- 
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tended  to  R&D  proposals  from  the 
military  services  for  space  programs 
and  projects.  Specifically,  the  McNa- 
mara  edict  directed  that  these  proposals 
"be  submitted  to  the  Director  of  De- 

fense Research  and  Engineering  for 
review  and  determination  as  to  whether 
such  proposals,  when  transmitted  to  the 
Secretary  of  Defense,  will  be  recom- 

mended for  approval." 
Thus,  without  the  imprimatur  of 

DDR&E,  the  military  services  have  al- 
most no  chance  to  develop  duplicating 

or  marginal  space  systems. 
•  DDR&E  organization  —  Actual 

overall  management  of  DOD  space  pro- 
gram is  vested  in  the  Assistant  Secre- 
tary. John  Rubel.  Both  Secretary  of 

Defense  Robert  S.  McNamara  and  R&E 
Director  Dr.  Harold  Brown  have  dele- 

gated to  Rubel  the  authority  to  act  for 
DOD  on  space  matters. 

It  is  Rubel  who  determines  the  re- 
sources of  the  Defense  Department  to 

be  expended  on  space  programs  and  ex- 
actly what  these  programs  will  be. 

Working  with  his  NASA  counterpart. 
Dr.  Robert  C.  Seamans,  Jr.,  he  also  is 
responsible  for  working  out  agreements 
denning  the  extent  of  NASA-DOD  co- 

operation. At  present,  the  extent  of  AF 
participation  in  the  Manned  Lunar 
Landing  program  is  being  defined  by 
the  two  agencies. 

In  order  to  fulfill  these  tasks,  Rubel 
can  and  does  call  on  the  not  inconsider- 

able resources  of  the  DDR&E  organiza- 
tion. Within  the  office  of  the  Director 

itself,  there  is  a  Special  Assistant  for 
Space  who  reports  to  both  Dr.  Brown 
and  Rubel — Dr.  L.  L.  Kavanau. 

This  office  is  the  focal  point  for  the 
DOD  problems  in  the  space  area.  As 
such,  it  monitors  only  selected  pro- 

grams— such  as  Titan  111  and  Centaur 
— but  receives  progress  reports  on  other 
space  programs.  The  main  function  of 
this  office  is  an  attempt  to  keep  in 
focus  the  broad  problems  of  space  tech- 

nology and  to  conduct  such  other  in- 
vestigations as  required. 

Specific  space  programs  are  moni- 
tored by  the  directorates  within 

DDR&E  which  have  cognizance  over 
the  general  area  of  technology  appli- 

cable to  the  space  system.  For  example, 
the  Assistant  Director  for  Air  Defense 
is  responsible  for  overseeing  the  Satel- 

lite Inspector  program;  Asst.  Director 
for  Communications,  the  Advent  pro- 

gram; and  the  Director  of  Electronics. 
Transit. 

•  DDR&E-industry  relations  — 
Since  DDR&E  is  charged  with  the  over- 

all direction  of  the  military  space  pro- 
gram, it  is  less  interested  in  specific 

technical  proposals  than  in  promising 
developments  that  a  company  may  be 
working  on. 

As  one  DDR&E  official  explained 
it.  "Contractors  are  less  likely  to  sell  a 
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Major  ARPA  Fields  of  Interest 

Advanced  Ballistic  Missile  Defense — Project  Defender 
Research  under  this  program  is  oriented  toward  exploration 

of  fundamental  phenomena,  the  interpretation  and  analysis  of 
experimental  data,  formulation  of  new  systems  concepts  and  the 
application  of  new  techniques  for  advanced  defense  against 
ballistic  missiles  and  other  long-range  offensive  weapons. 

Ballistic  Missile  Penetrations  Aids  Program 
ARPA  initiates  or  monitors  any  needed  research  related  to 

the  vulnerability  and  re-entry  of  ballistic  missile  systems.  Implicit 
in  this  program  is  insuring  that  other  DOD  organizations  have 
the  required  data  concerning  re-entry  vulnerability  and  observ- 
ables  for  studies  of  missile  effectiveness. 

Nuclear  Test  Detection — Project  Vela 
Project  consists  of  programs  of  research,  experimentation 

and  systems  development  for  improving  the  detection  of  nuclear 
explosions  both  underground  and  at  high  altitude.  It  is  sub- 

divided into  three  major  programs: 
Vela-Uniform — directed  to  improving  in  seismological  and 

other  geophysical  techniques  for  detecting  underground  nuclear 
tests. 

Vela-Sierra — concerned  with  research  on  and  development  of 
techniques  for  the  detection  and  identification  of  high-altitude 
detonations  by  means  of  equipment  on  the  surface  of  the  earth. 

Vela-Hotel — involves  the  development  of  surveillance  equip- 
ment which  would  be  installed  on  space  vehicles  for  detecting 

nuclear  detonations  above  the  sensible  atmosphere.  Included 
are  detector  development,  background  measurement,  the  investi- 

gation of  detector  behavior  in  the  natural  radiation  environment 
in  space  and  experimental  satellite  flight  testing. 

Basic  Research  in  Materials — Project  Pontus 
Research,  experimentation  and  development  to  obtain  major 

improvement  in  materials  required  to  meet  the  needs  of  sur- 
face, air  or  missile  programs.  Programs  include  metallurgy, 

ceramics,  solid-state  physics,  inorganic  chemistry,  polymer  sci- 
ence and  phenomenological  studies  of  materials  behavior. 

Advanced  Propellant  Chemistry — Project  Principia 
Research  leading  to  solid,  liquid  and  hybrid  propellants 

having  specific  impulses  appreciably   higher  than   those  now 

available.  Research  includes  thermodynamics,  thermochemistry, 
synthetic  chemistry  and  propellant  formulation  and  evaluation. 

Advanced  Energy  Conversion — Project  Lorraine 
Research  in  the  fundamental  aspects  of  energy  conversion  in 

the  following  categories:  thermionics,  thermoelectrics,  electro- 
chemistry, magnetohydrodynamics  and  ancillary  studies. 

Command   and  Control  Research 
Continuing  research  program  investigating  techniques  for 

modeling  command  systems  (both  within  single  commands  and 
between  interacting  commands),  analysis  and  specification  of 
information  flow  and  processing  needs,  determination  of  the 
most  effective  man-machine  relationships  and  command  struc- 

tures, studies  of  areas  amendable  to  standardization  and  of 
methods  of  control  of  command  support  systems  by  commanders. 

Cloud  Physics — Project  Baton 
Fundamental  characteristics  of  cloud  physics,  how  clouds 

are  formed,  perform  and  dissipate  are  being  investigated — 
particularly  with  respect  to  defense  needs. 

Field  Conflict  Technique 
Project    designed    to    improve    the    combat    capability    of  \ 

indigenous  troops  engaged  in  counter-guerrilla  warfare  in  under- 
developed areas. 

Technical  Aspects  of  Arms  Control — Project  ARA 
Study  program  on  the  technical  areas  of  arms  control  meas- 

ures, including  both  short-range  and  long-range  aspects.  Short- 
range  studies  will  support  current  or  planned  negotiations  and 
undertake  to  investigate  areas  of  immediate  concern  as  author- 

ized. Long-range  studies  will  explore  the  subject  broadly,  develop  I 
new  points  of  view  and  define  alternative  lines  for  future  j 
negotiation. 
Behavioral  Sciences 

Research  in  the  fields  of  human  performance  and  persuasion 
and  motivation — including  work  on  the  process  of  persuasion, 
rationality  in  decision-making,  the  relationship  of  attitudes  to 
behavior,  group  relations,  communication  and  the  relation  of 
cultural  differences  to  persuasion. 

product  here,  but  it  is  certainly  in  their 
interest  to  keep  us  educated  on  prom- 

ising developments." 
•  ARPA's  role  defined — After  sev- 

eral years  of  changing  missions,  the 
Advanced  Research  Projects  Agency 
(ARPA)  has  finally  come  to  rest  in 
the  Office  of  the  Director  of  Defense 
Research  and  Engineering. 

Headed  by  Jack  P.  Ruina.  ARPA  is, 
in  effect,  the  bridge  between  basic  re- 

search and  the  development  of  specific 
weapon  systems  as  illustrated  by  the 
scope  of  their  work  shown  in  the  box 
above. 

Project  Defender — ARPA's  major effort  in  terms  of  money  ($110  million 
in  FY  '63) — is  designed  to  investigate 
concepts  for  "future  systems  of  defense 
against  ballistic  missiles."  Project  Vela 
is  another  major  area  of  ARPA  involve- 
ment. 

•  Contractor  procedures — As  illus- 
trated by  the  box  showing  ARPA  pro- 

grams, the  Agency  is  interested  in  al- 
most all  areas  of  technology — ranging 

from  sensors  and  radars  for  Project 
Defender  to  studies  in  the  behavioral 
90 

sciences. 
As  a  consequence,  ARPA  is  inter- 

ested in  talking  to  anyone  in  industry 
with  a  worthwhile  proposal.  (Much  of 
ARPA's  time,  according  to  one  scien- 

tist, is  spent  "knocking  down  bad 

ideas.") For  this  reason,  the  brochure  out- 
lining ARPA  procedures  on  the  prep- 

aration and  submission  of  unsolicited 

proposals  warns  that  "the  proponent should  make  a  thorough  search  of  all 
technical  reports,  patents  and  other 
data  pertaining  to  the  subject  in  order 
to  become  thoroughly  familiar  with  the 

state  of  the  art." 
Proposals — normally  not  to  exceed 

25  pages  in  length — should  be  sub- 
mitted to  the  Director,  Advanced  Re- 
search Projects  Agency,  The  Pentagon, 

Washington  25,  D.  C. 
Information  required  in  these  pro- 

posals includes: 
—General  statement  requesting  con- 

sideration of  the  proposal. 
—  Proposal  signed  by  the  principal 

investigator,  the  department  head  and 
an  official  capable  of  committing  the 

organization  in  business  and  financial 
matters. 

—Technical  description  of  the  pro- 
posed work  and  of  work  previously 

done  in  the  field  of  the  proposal. 
—Statement  of  the  project  objec- 

tives and  identification  of  problem  areas 
and  results  expected. 

—Technical  approaches  proposed. 
—Special  facilities  and  equipment 

required  and  available. 
—  Major  phases  and  action  mile- stones expected. 
—  Estimate  cost  of  the  proposal, 

showing  a  breakdown  of  major  cost 
categories. 

—Names  and  background  of  princi- 
pal scientists  and  engineers  to  be  used 

in  the  project — as  well  as  other  govern- 
ment work  under  contract  by  the  group. 

In  addition  proprietary  as  well  as 
patent  data  should  be  identified. 

Since  contracting  for  most  ARPA 
work  is  generally  accomplished  by  the 
three  military  services,  the  Agency  rec- 

ommends that  contractors  obtain  copies 
of  the  individual  services'  R&D  con- 

tracting procedures.  8 
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where  do  you 

fit  in  the 

space  picture? 

Today,  the  design  and  development  of  space  systems, 
vehicles  and  weapon  systems  is  achieving  an  even 

greater  degree  of  importance  than  before.  Expendi- 
tures are  increasing.  The  pace  is  being  stepped  up. 

Hughes  Aerospace  Divisions  are  expanding  with  each 
of  these  progressions.  Important  projects  such  as 
SURVEYOR,  SYNCOM,  ION  ENGINE,  ARPAT, 
BAMBI  and  advanced  POLARIS  guidance  are  now 
underway.  Others  will  begin  soon.  This  expansion  is 
producing  new,  challenging  assignments  that  never 
existed  before.  The  opportunity  is  for  you.  You  can 

be  a  part  of,  and  benefit  from,  Hughes  further  expan- 
sion into  the  space  picture. 

If  you  hold  a  degree  from  an  accredited  university 
in  Mechanical  Engineering,  Electronic  Engineering  or 
Physics,  are  a  U.  S.  citizen  and  have  experience  or 

interests  related  to  Aerospace  Vehicles  or  Weapon  Sys- 
tems, you  can  qualify.  A  few  of  the  openings  include: 

Inquire  today.  Fit  yourself  into  the  space  picture  at  Hughes. 
Please  airmail  your  resume  to: 

Mr.  Robert  A.  Martin 
Supervisor  of  Scientific  Employment 

Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 

Culver  City  84,  California. 
We  promise  you  a  reply  within  one  week. 

controls  engineers 
Concerns  airborne  computers 
and  other  controls  related 
areas  for:  missiles  and 
space  vehicles,  satellites, 
radar  tracking,  control 
circuitry,  controls  systems, 
control  techniques, 
transistorized  equalization 
networks  and  control 
servomechanisms. 

circuit  designers 
Involves  analysis  and 
synthesis  of  systems  for: 
telemetering  and  command 
circuits  for  space  vehicles, 
high  efficiency  power 
supplies  for  airborne  and 
space  electronic  systems, 
space  command,  space 
television,  guidance  and 
control  systems,  and 
many  others. 

systems  analysts 
To  consider  such  basic 

problems  as  the  require- ments of  manned  space 
flight;  automatic  target 
recognition  requirements  for 
unmanned  satellites  or 

high  speed  strike reconnaissance  systems; 
IR  systems  requirements 
for  ballistic  missile  defense. 

infrared  specialists 
To  perform  systems 
analysis  and  preliminary 
design  in  infrared  activities 
involving  satellite  detection 
and  identification,  air-to-air 
missiles,  AICBM,  infrared 
range  measurement, 
air-to-air  detection  search 
sets,  optical  systems, 
detection  cryogenics 
and  others. 

Creating  a  new  world  with  electronics 

~1 

HUGHES  AIRCRAFT  COMPANY 
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An  equal  opportunity  employer. 
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PRESSURE  REGULATORS 

Grove  Mity-Mite®. . .  light,  compact,  accurate  for 
reducing,  relief  and  back  pressure  control.  Grove 
Mity-Mite  regulators  are  materially  smaller  than  con- 

ventional regulators  of  comparable  capacities.  They  are 
available  for  pressure  reduction,  combination  reduc- 

tion and  relief,  and  back  pressure  services.  Mity-Mites 
utilize  the  same  proven  gas  dome-loaded  principle  of 
Grove  Powreactor®  Regulators— a  design  that  has  set 
engineering  standards  for  every  pressure  regulator 
used  in  aerospace  today!  Mity-Mites  may  be  supplied 
in  externally  or  internally  loaded  models  in  dural  or  18-8 
(type  303)  stainless,  from  Y'tol",  with  inlet  pressures 
to  10,000#  psi;  outlet  pressures  to  6,000#  psi.  For 

complete  engineering  data,  send  for  Bulletin  #940-1-1. 

GROVE  REGULATORS 

WALWORTH-GROVE-ALOYCO 
sales  division  of  Walworth  Company 

™ ™    6529  Hollis  Street,  Oakland  8,  California 
*3SK*    Offices  throughout  the  U.S.  and  in  Western  Canada 



The  CORBLIN  DIAPHRAGM-TYPE  COMPRESSOR 
A  versatile  easy-to-operate,  low  maintenance 
means  for  providing  high  pressure, 
contamination-free  gas.  Saves  TIME  and  MONEY 

HI-PRESSURE 

PNEUMATIC 

a  new  wrinkle  in 

modern  testing  techniques 

The  use  of  high  pressure  gos  for  testing  missile  and  chemi- 
cal plant  piping  systems  is  proving  to  be  much  more  con- 

venient, faster  and  more  dependable  than  conventional 
hydrostatic  pressure  testing  with  a  liquid  medium. 

High  pressure  tests  with  inert  gases  are  performed  with  a  minimum 
of  time  and  maximum  cleanliness  without  corrosion  problems  and 
without  residual  contamination  from  liquids.  Pneumatic  systems 
eliminate  the  need  for  dismantling  and  cleaning  complex  missile 
or  chemical  plant  piping  systems,  components  and  assemblies  after 
test.  They  preclude  time-consuming  and  arduous  cleaning  and  drying 
tasks  which,  in  hydrostatic  testing,  are  necessary  to  remove  con- 

taminating traces  of  oil,  water  or  other  liquid  media.  Equally  im- 
portant, pneumatic  testing  shows  up  even  very  tiny  leaks  which  may 

develop  under  pressure  and  which  can  not  be  picked  up  readily  with 
liquid  test  media. 

CORBLIN  COMPRESSORS  ASSURE  PURITY 

Aminco  makes  available  the  unique  Corblin  Diaphragm-Type  Com- 
pressor which  has  proven  to  be  ideally  suited  for  confamination-free 

pneumatic  testing.  Since  the  gas  is  compressed  by  means  of  a 
hydraulically  pulsed  metal  diaphragm,  forming  a  non-permeable 
barrier  between  gas  on  one  side  and  the  hydraulic  fluid  used  to 
drive  it  on  the  other,  the  gas  delivered  by  the  compressor  is  as 
pure  as  the  gas  entering.  Thus,  pneumatic  testing  may  be  performed 
in  complete  confidence  using  super-pure  nitrogen,  helium,  or  other 
gases,  without  need  for  elaborate  and  sometimes  undependable 
scrubbers  and  filters  at  the  compressor  discharge. 

Corblin  Compressors  are  available  for  maximum  discharge  pressures 
of  up  to  30,000  p.s.i.  and  with  capacities  for  up  to  several  hundred 
s.cf.m.  under  certain  operating  conditions. 

Aminco  is  prepared  to  supply  compressors  alone,  as  well  as  design 
and  construct  complete  pressure  test  systems  including  receiver  ves- 

sels, pressure  control  and  measurement  instrumentation,  and  if  de- 
sired, to  furnish  completely  automatic  systems  that  permit  production- 

line  pneumatic  pressure  testing  of  items  at  time  of  manufacture. 
MOBILE  EQUIPMENT 

Photo  above  shows  a  Corblin  Compressor  driven  by  a  gasoline 
engine,  and  mounted  on  the  back  of  a  small  truck.  These  complete 
mobile  systems  are  constructed  and  leased  by  Consolidated  American 
Services  to  users  requiring  medium  and  high  pressure  test  facilities. 
The  compressors  are  small  enough  and  free  enough  from  vibration  to 
permit  mounting  on  the  truck  body  shown  and  the  entire  unit  may 
be  rapidly  moved  over  rough  terrain  if  necessary.  Compressor  is  a 
single-stage  unit  capable  of  taking  suction  from  commercial  gas 
cylinders  and  discharging  at  a  maximum  pressure  of  16,000  p.s.i. 
Full  information  available  from  Consolidated  American  Services,  Inc., 
250  N.  Daphne  Ave.,  Hawthorne,  Calif. 

COMPRESSORS  ADAPTABLE  TO  ALL 
HIGH  PRESSURE  GAS  PUMPING  PROBLEMS 

•  Transfer  of  gases  from  transportable  tanks  into  per- 
manent storage  vessels — Since  Corblin  Compressors  are  ca- 

pable of  operating  at  compression  ratios  of  20  to  1  or  greater, 
single  or  two-stage  Corblin  Compressors  may  be  used  to  transfer 
gas  from  transportable  containers  such  as  railroad  or  truck  tanks, 
into  permanent  storage  vessels  where  3,  4  or  5-stage  conventional 
compressors  would  otherwise  be  needed. 

•  Corblin  Compressors  handle  all  types  of  highly  dan- 
gerous and  highly  corrosive  gases  including  fluorine. 

•  Salvage  of  residual  gas  from  cylinders  containing  rare  gases. 
•  Pressurization  of  shock  tubes  and  related  devices. 

SEND  FOR  BULLETIN  NO.  4074  —  K-2 
Corblin  Compressors,  exclusively  distributed  in  North  America  by 

Aminco,  are  described  fully  in  this  new  8-page  Bulletin,  forwarded 
on  request. 
Describe  details  of  your  application  in  a  letter.  We 

will  recommend  appropriate  equipment  and  render  a 

quotation. 

AMERICAN  INSTRUMENT  CO.,  INC. 
8030  Georgia  Avenue,  Silver  Spring,  Md, 
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MILITARY  SPACE  CENTERS 
AIR  FORCE 

SSD  Runs  Air  Force  Space  Show 

Division  is  prime  contact  for  companies  directly 

involved  in  space  systems;  budget  nears  $1  -billion  mark 

MANAGEMENT  CENTER  for 
almost  the  entire  U.S.  military  space 
effort  today  is  the  Space  Systems  Divi- 

sion of  the  Air  Force  Systems  Com- 
mand. Some  90%  of  all  U.S.  satellite 

weight  in  orbit  was  launched  by  SSD. 
When  Systems  Command  was  acti- 

vated a  year  ago,  SSD  was  set  up  to 
handle  the  burgeoning  requirements  of 
the  Air  Force  space  program.  It  was 
established  from  elements  of  the  earlier 
Ballistic  Missile  Division  of  ARDC  and 
Ballistic  Missile  Center  of  AMC. 

Its  alignment  on  a  par  with  the  Bal- 
listic Systems  Division  was  recognition 

of  the  then-equal  importance  of  the 
diverging  space  and  ballistic  missile 
technologies.  Within  a  few  years,  SSD 
is  expected  to  far  outstrip  BSD  in  size 
and  importance. 

Financially,  the  division  already  is 

showing  phenomenal  growth.  In  1957, 
Air  Force  space  funding  in  this  area 
totaled  about  $3  million,  much  of  it 
spent  on  117-L,  the  program  out  of 
which  Discoverer  and  Midas  evolved. 

In  the  coming  year,  total  dollars 
allocated  to  SSD  will  approach  the 
$1 -billion  mark.  The  Air  Force  space 
program  thus  has  been  accelerating — 
not  only  in  terms  of  dollars  and  num- 

bers of  programs  but  in  pushing  the 
advanced  technology  necessary  for  mil- 

itary space  development. 
This  all  has  required  a  management 

structure  capable  of  anticipating  the 

problems  of  tomorrow's  explosive 
growth  while  handling  efficiently  the 
problems  of  today's  technology. 

To  oversee  the  anticipated  shift  of 
personnel  and  funding — from  a  BSD 

shrinking  as  R&D  for  ICBM's  phases out  to  an  SSD  expanding  as  the  Air 
Force  R&D  space  effort  increases — Sys- 

tems Command  created  the  special  post 
of  Deputy  Commander  of  Systems 
Command  for  Aerospace  Systems 
(DCAS)  under  Lt.  Gen.  H.  M.  Estes. 

Special  problems  can  be  handled 
through  special  channels  to  Systems 
Command  and  USAF  headquarters  by 
Gen.  Estes  and  his  staff. 

Maj.  Gen.  Osmond  J.  Ritland,  SSD 
commander,  serves  under  Gen.  Estes. 

But,  under  the  decentralization  phi- 
losophy of  AFSC  Commander  Gen. 

Bernard  Schriever,  which  has  seen  sys- 
tems management  shifted  from  AFSC 

headquarters  to  the  divisions,  the  guts 
of  the  Air  Force  R&D  space  effort  is 
at  SSD.  For  those  firms  in  the  indus- 

try directly  concerned  with  space  sys- 

AEROSPACE  CORP. 

GENERAL  COUNSEL 
R.  T.  JENSEN 

WASHINGTON  OFFICE 
W.  R.  HUTCHINS 

GOVERNMENT  RELATIONS 
D.  D.  WHITCRAFT 

CONSULTANT  TO 
THE  PRESIDENT 
J.  F.  BLACKBURN 

PUBLIC  INFORMATION 
W.  T.  BONNEY 
Director 

SENIOR  VICE  PRES— TECHNICAL ALLEN  F.  DONOVAN 

|  ADMINISTRATION  DIVISION W.  W.  DRAKE,  JR. 
!  Vice  Pres  &  Treasurer 

jW.  B.  GAROUTTE 
i  Assistant  Treasurer 

SYSTEMS  RESEARCH 
PLANNING  DIVISION 
J.  H.  IRVING President 

ral  Manager 

ENGINEERING  DIVISION  LABORATORIES  DIVISION 
|  E.  J.  BARLOW  C.  W.  SHERWIN 
\  Vice  President  Vice  President 
General  Manager  General  Manager 
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DELTA  JETS 

link  West  Coast 

and  Dallas  with 

Cape  Canaveral 

The  only  Jets  between 
California  and  Orlando! 

Delta  Jets  link  San  Diego  and 
Los  Angeles  with  the  heart  of 
the  Orlando/Cape  Canaveral  test 
area  via  McCoy  A.  F.  Base.  Also 
thru-plane  jets  between  the  West 
Coast,  New  Orleans,  Birming- 

ham (Huntsville)  and  Atlanta. 
Service  is  in  the  famed  Delta 

tradition — personal,  quick  and 
exceedingly  thoughtful. 

the  air  line  wi  th  the  BIG  JETS 
GENERAL  OFFICES:  ATLANTA,  GEORGIA 

tems,  this  means  one  place  to  sell,  a 
single  point  of  contact  instead  of  sev- eral. 

Within  the  overall  Systems  Com- 
mand establishment,  SSD  is  one  of  six 

AFSC  divisions.  In  addition  to  BSD, 
the  others  are:  Aeronautical  Systems 
Division,  Electronic  Systems  Division, 
Aerospace  Medical  Division  and  For- 

eign Technology  Division. 
For  assistance  in  the  evolving  Air 

Force  space  program,  SSD  draws  on 
these  other  divisions  and,  like  the  other 
divisions,  on  the  resources  of  seven 
AFSC  centers:  Missile  Test  Center, 
Patrick  AFB,  Fla.;  Flight  Test  Center, 
Edwards  AFB,  Calif.;  Arnold  Engineer- 

ing Development  Center,  Tullahoma, 
Tenn.;  Special  Weapons  Center,  Kirt- 
land  AFB,  N.  M.;  Missile  Development 
Center,  Holloman  AFB,  N.  M.;  Rome 
Air  Development  Center,  Griffiss  AFB, 
N.  Y.;  Air  Proving  Ground,  Eglin  AFB, 
Fla. 

Space  Systems  Division's  mission 
primarily  is  one  of  management,  con- 

cerned with  solidifying  the  vast  spread 
of  space  technology  into  hardware  for 
the  operational  military  space  systems 
of  the  near  and  distant  future. 

To  accomplish  this,  it  devotes  its 
attention  to  five  major  areas:  Applied 
research  and  advanced  technology;  de- 

sign, development  and  procurement  of 
space  vehicles;  launch;  on-orbit  control 
and,  if  necessary,  recovery;  services  for 
other  government  agencies  such  as 
NASA,  Army  and  Navy. 

Management  in  these  areas  is  the 
direct  responsibility  of  deputy  offices 
in  the  SSD  organization.  These  are: 

•  Deputy  for  Space  Technology — 
This  office  is  concerned  with  applied 
research  and  advanced  technology.  Un- 

der Col.  N.  M.  Lulejian,  it  is  charged 
with  studying  what  forward  steps  can 
be  made  in  space  systems,  as  well  as 
the  analysis  of  current  systems  for  pos- 

sible improvements. 
"This  is  where  we  have  the  Jules 

Vernes  and  H.  G.  Wellses  of  the  20th 

Century,"  says  an  SSD  official. 
It  is  from  beginnings  in  this  office 

that  requirements  for  many  of  the  space 
systems  themselves  arise. 

•  Deputy  for  Satellite  Systems  — 
Here  rests  responsibility  for  the  design, 
development,  procurement,  test  and 
delivery  of  what  SSD  calls  "operable 
systems."  These  systems,  militarily  ori- 

ented, include  Midas,  Discoverer,  Satel- 
lite Inspector  and  Vela  Hotel. 

•  Deputy  for  Launch  Vehicles  — 
This,  at  present,  is  the  outward-looking 
face  of  SSD,  The  launch  vehicle  office 
primarily  supports  NASA,  Army  and 
Navy,  furnishing  boosters  and  technical 
support  for  such  programs  as  Mercury, 

MAJ.  GEN.  O.  J.  RITLAND 
Budget  nears  $1 -billion  mark. 

Ranger,  Advent  and  Transit,  in  addi- 
tion to  the  Air  Force  programs.  This 

office  has  the  responsibility  for  three  of 
SSD*s  four  standard  launch  vehicles — 
SLV-I  {Scout),  SLV-II  (Thor)  and SLV-II1  (Atlas). 

•  Deputy  for  Program  624A  (Titan 
III)  —  This  is  the  deputy  for  space 
booster  building  blocks,  the  Titan  111 
combination  of  liquid  and  solid  rockets 
which  will  provide  varying  degrees  of 
thrust  for  space  missions. 

This  office,  the  first  for  standard 
space  boosters,  was  established  recently 
with  the  specific  responsibility  of  de- 

veloping boosters  intended  for  space 
development  work,  as  opposed  to  the 
current  practice  of  using  modified  bal- 

listic missiles.  Under  Col.  J.  S.  Bley- 
maier,  it  was  set  up  partly  in  response 
to  the  Department  of  Defense  desire 
for  strong,  centralized  program  man- 

agement. 
•  Deputy  for  Agena — The  task  as- 

signed to  this  office  is  the  development 
of  a  "space  truck"  which  can  be  em- 

ployed in  a  variety  of  systems.  Agena 
now  is  used,  for  example,  in  the  Dis- 

coverer, and  Midas  programs,  and  is 
scheduled  for  such  programs  as  Advent, 
Satellite  Inspector  and  Vela  Hotel. 

•  Deputy  for  Foreign  Technology 
— The  prime  interest  of  this  office  is  in 
observation  of  technical  breakthroughs 
in  foreign  countries.  The  aim  is  to  dis- 

cover areas  where  U.S.  systems  tech- 
nology can  be  improved  by  exploita- 

tion of  foreign  developments. 
•  Deputy  for  Space  Test  Operations 

(Vandenberg  AFB) — This  office  cov- 
ers the  Aerospace  Test  Wing  at  Van- 

denberg, the  Aerospace  Test  Wing  at 
Sunnyvale,  Calif,  and  the  Test  Group 
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(Development)  at  Edwards  AFB. 
Function  of  the  wing  at  Vanden- 

berg  can  be  summed  up  in  one  word: 
launch.  This  is  SSD's  space  launching 
agency.  Its  job  is  growing  as  the  de- 

mands increase  from  NASA  and  DOD 
for  help  in  launching. 

In-orbit  control  and  recovery  are 
the  responsibility  of  the  wing  at  Sunny- 

vale. Currently,  it  is  responsible  for 
command  and  control  of  Discoverer- 
type  launches  from  Vandenberg.  The 
wing  includes  tracking  groups  through- 

out the  nation  as  well  as  the  6594th 
Recovery  Control  Group  at  Hickam 
AFB,  Hawaii,  which  is  responsible  for 
recovery  of  capsules  returning  from  or- 

bit. The  wing  also  will  play  a  part  in 
the  Advent,  Transit,  Vela  Hotel  and 
Satellite  Inspector  programs.  Personnel 
from  this  center,  currently  manned  by 
both  AF  and  Lockheed  Aircraft  Corp., 
are  expected  to  supply  the  nucleus  for 
operational  space  groups. 

The  test  group  at  Edwards  AFB 
provides  the  rocket  test  annex  for  SSD. 
Here  are  tested  the  new  and  exotic 
liquid  and  solid  propellants  to  be  used 
in  future  space  systems.  This  group 
works  closely  with  the  Deputy  for 
Space  Technology  and  with  the  Deputy 
for  Program  624A. 

How  does  this  sometimes-confusing 
management  set-up  operate?  In  the 
answer  to  this  question  is  the  key  to 
SSD's  management  philosophy. 

"We  make  a  pretty  big  man  out  of 
the  program  director,"  says  Col.  P.  E. 
Worthman,  director  of  SSD's  plans  and 
programs  office.  "We  give  him  max- 

imum resources,  people,  money,  his 
own  procurement  and  complete  respon- 

sibility for  the  program." The  idea  behind  this  centralized 
management  is  to  hold  responsibility  on 
the  operating  level,  in  order  to  prevent 
it  from  "escalating"  to  higher  authority. Col.  Worthman  describes  how  the 
system  works: 

"If  Col.  C.  L.  Battle  in  the  Discov- 
erer office  (622 A  Directorate)  needs  a 

booster,  he  goes  to  the  Deputy  for 
Launch  Vehicles  and  gets  his  booster. 
If  he  needs  guidance,  he  reaches  over 
into  ESD  for  guidance.  Then  he  needs 
an  Agena,  so  he  reaches  over  into  the 
Agena  Department  (Deputy  for  Agena) 
and  says,  'I  need  this,  at  this  time,  get 
it  ready  for  me.' 

"He  needs  to  launch,  so  he  reaches 
into  Col.  Cody's  shop  (Aerospace  Test 
Wing,  Vandenberg  AFB)  and  says  'I 
need  a  launch.'  Then,  once  in  orbit,  he 
says  to  Col.  Moore  (Aerospace  Test 
Wing,  Sunnyvale,  Calif.),  'Give  me 
some  on-orbit  control.' 

"The  man  in  charge  of  this  from  be- 
ginning to  end  is  Lee  Battle.  He  can 

delegate  authority,  but  he  is  still  the 
guy  running  the  team. 

missiles  and  rockets,  March  26,  1962 

"If  we  miss  a  capsule  in  the  Pacific, 
the  man  who  goes  to  tell  the  Air  Staff 
about  it  is  Battle.  When  it:s  time  to 
meet  the  President  and  be  congratulated 

on  a  success,  it's  Battle." Systems  Command  operates  on 
"management  by  exception" — a  pro- 

cedure designed  to  flag  the  trouble  spots 
for  attention.  Once  a  week,  each  sys- 

tems officer  stands  up  with  his  charts, 
"looks  the  commander  right  in  the 
eye,"  and  reports  on  how  his  job  is 
progressing,  stating  whether  it  is  on 
schedule  and  outlining  any  problems. 
The  charts  tell  the  story:  funding,  con- 

tract initiations,   obligations,  expendi- 

tures, procurement.  Red  flags  indicate 
the  trouble  spots. 

The  PERT  management  system  de- 
veloped in  the  Polaris  program  is  being 

phased  into  the  SSD  organization — with 
changes.  Its  organizational  lines  will 
not  run  all  the  way  to  top  management. 

"If  you  are  going  to  have  PERT,  it 
should  belong  to  the  program  director," 
says  Col.  Worthman. 

Assisting  Space  Systems  Division  in 
the  management  of  space  programs  is 
Aerospace  Corp.,  the  non-profit  organi- 

zation set  up  in  1960  to  replace  Space 
Technology  Laboratories  in  systems  en- (Continued  on  page  136) 
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MILITARY  SPACE  CENTERS 
AIR  FORCE 

Space  Shares  in  Harvest  from  ASD 

Although  Dyna-Soar  is  only  space  system  based  at 

the  Division,  future  systems  profit  from  $4-billion/yr.  programs 

A  SMALL,  but  respectable  and 
growing  portion  of  the  more  than  $4 
billion  funneled  annually  through  the 
Aeronautical  Systems  Division  of  the 
Air  Force  Systems  Command  to  indus- 

try is  directly  related  to  space. 
A  large  segment  of  U.S.  industry 

hold  ASD  contracts — each  one  designed 
to  push  the  state  of  the  art  in  areas  the 
Air  Force  knows  must  be  developed  to 

meet  future  systems. 
From  a  mission  standpoint,  ASD 

exists  to  insure  a  continuous  source  of 
new  technology  and  the  rapid  transla- 

tion of  this  into  operational  military  sys- 
tems. 

ASD's  specific  purpose  is  ".  .  .  to 
plan,  program,  manage  and  conduct  the 
development,  acquisition  and  delivery 
of  military  aerospace  systems  including 

aircraft,  aerodynamic  missiles,  missiles 
associated  with  aircraft,  manned  aero- 

space craft  and  supporting  systems;  and 
to  advance  the  technology  required  for 

future  Air  Force  Systems." 
ASD  is  a  pedigreed  Air  Force  divi- 
sion— tracing  its  ancestry  back  to  1917. 

The  vast  Air  Force  Systems  Command 
grew  from  the  aeronautical  explosion 
in  Dayton. 
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As  the  facilities  were  outgrown, 
j  arge  engine  testing  moved  to  Arnold, 
>allistic  missile  development  shifted  to 
nglewood,  electronic  supporting  sys- 

tems moved  to  Hanscom,  armament  to 
lEglin  and  Holloman,  rocket  engine  de- 

velopment, test  and  aircraft  flight  test- 
ing to  Edwards,  and  ground-based  re- 

connaissance to  Rome. 
The  Aeronautical  Systems  Division 

s  physically  located  in  Area  B  (Wright 
-ield)  of  Wright-Patterson  Air  Force 
[Base,  Dayton,  Ohio. 

Space  systems  will  never  provide  a 
arge  production  potential.  By  the  same 
'.oken,  many  of  the  particularly  rough 
broblems  anticipated  in  all  scientific  and 
engineering  disciplines  can  best  be  at- 

tacked by  small  groups  either  providing 
the  answer  or  suggesting  compromise 
routes  to  the  systems  planners. 

ASD's  space  potential  lies  in  this 
;ollection  of  teams — probing  immediate 
and  long-range  technical  problems  but 
always  available  for  the  present  head- 
ache. 

•  Double  effect — By  far  the  largest 
portion  of  current  ASD  expenditures 
goes  into  aircraft  and  missiles  for  tac- 

tical and  strategic  uses.  It  is  difficult  to 
distill  out  the  space-system  dollar.  Many 

of  the  programs  provide  information 
and  guidance  in  both  areas  —  current 
weapons  technology  and  future  space activity. 

The  installed  cost  of  ASD's  181 
buildings  and  equipment  is  approxi- 

mately $200  million.  Under  Maj.  Gen. 
W.  A.  Davis,  the  organization  is  di- 

vided into  nine  areas  of  responsibility 
covering  technology,  equipment  man- 

agement, foreign  technology,  target  and 
armament  development,  engineering, 
GAM-87,  B-70,  systems  management 
and  test  and  support.  A  separate  re- 

search management  set-up  exists  and 
all  procurement  is  handled  by  a  direc- 

torate. There  are  also  four  field  test 
stations  at  Eglin,  Edwards,  Holloman 
and  Patrick  Air  Force  Bases. 

The  only  space  system  at  ASD  is 
the  Dyna-Soar,  located  in  the  system 
program  office  under  the  Deputy  Com- 

mander for  Systems  Management.  The 
main  effort  compatible  with  space  sys- 

tems in  general  is  spread  through  the 
office  of  the  Deputy  Commander  for 
Technology,  Col.  A.  L.  Wallace. 

The  Technology  Directorates — Ad- 
vanced Systems  Planning,  Aerome- 
chanics, Avionics  and  Materials  and 

Processes — are  the  womb  of  new  Air 
Force  systems.  Each  has  a  specific  task, 

yet  each  supports  the  other. 
A  unique  Directorate  is  Advanced 

Systems  Planning.  This  organization, 
known  as  DASP,  is  composed  of  expert 
technical,  managerial  and  production 
personnel.  Its  primary  job  is  to  turn  out 
packages  of  information  on  new  systems 
to  aid  higher  authorities  in  decisions. 

DASP  answers  questions  such  as:  Is 
the  system  necessary?  Can  it  be  main- 

tained? Will  it  be  available  within  a 
realistic  time  period?  What  are  the  costs 
involved?  Can  it  be  produced?  What 
is  its  military  value? 

To  answer  these  questions,  DASP 
draws  on  the  resources  of  the  rest  of 
the  structure  of  the  Deputy  Com- 

mander/Technology as  well  as  ASD,  re- 
search institutes  and  industry. 

DASP  is  the  only  Air  Force  organi- 
zation dedicated  entirely  to  the  critical 

evaluation  of  potential  military  systems. 
The  group  is  involved  in  about  45  sys- 

tems studies. 
These  studies  include  propulsion, 

global  surveillance,  earth  satellite  weap- 
ons systems,  recoverable  boosters,  air- 

launched  satellite  interceptors  and 
others. 

One  of  the  products  of  DASP  is  a 
clarification  of  research  and  develop- 

ment areas.  Information  from  this  di- 
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A  typical  example  of  advanced  design  by  Lockheed -California  Spacecraft 

Will  command  centers  based  in  space  be  an  outstanding 
development  in  the  ten-year  span  from  1967  to  1977? 
The  answer  at  Lockheed-California  Company's  Spacecraft 

Organization  is— Yes.  Proof:  the  Spacecraft  design  pictured 
here.  It  reflects  the  maturity  developed  in  our  thinking  about 
manned  space  systems. 

The  station— aeroscope  traffic  control  center  of  the  1970's 
—will  be  assembled  in  orbit  in  a  series  of  pieces  brought 
together  by  rendezvous  techniques.  Included:  Command 
center;  living  quarters;  maintenance  station;  radar  and  infra- 

red sensing  devices;  nuclear  power  supply;  communication 
links  with  the  earth  and  other  space  vehicles.  As  now 
planned,  12  people  will  man  the  vehicle.  Their  tour  of  duty 
will  be  measured  in  weeks. 

For  four  years  Lockheed-California  Spacecraft  has  concen- 
trated on  the  needs  of  man  in  space.  Activities  embrace  all 

fields  pertaining  to  development  of  such  complex  space- 
craft, as  well  as  related  supporting  technologies:  Space 

physics  (radiation  hazards);  astrodynamics  (rendezvous); 
biophysics  (human  engineering);  metallurgy  and  manufac- 

turing processes  (materials  and  structures). 
Scientists  and  engineers  of  outstanding  talent  and 

training  are  needed  to  develop  the  new  Spacecraft,  Aircraft, 
ASW  concepts  of  Lockheed-California.  If  your  capabilities 
lie  in  the  fields  listed  at  right,  write:  Mr.  E.  W.  Des  Lauriers, 
Manager,  Professional  Placement  Staff,  Dept.  1703,  Lock- 

heed-California Company,  2404  N.  Hollywood  Way,  Burbank, 
California.  An  equal  opportunity  employer. 

LOCKHEED  CALIFORNIA  COMPANY 
A   DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 
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SCIENTISTS  &  ENGINEERS 

are  needed  by  Lockheed-California 
to  develop  new  Spacecraft,  Aircraft, 
ASW  concepts. 

If  you  are  qualified  by  training  and 
temperament  for  work  in  the  following 
fields— we  suggest  you  contact  Lock- 

heed at  once. 

Human  Factors 
Physics  (theoretical,  plasma,  high- 
energy,  solid  state,  infrared,  optics, 
nuclear) 
Thermodynamics 
Servosystems 
Reliability 
Physical  or  Bio-Chemistry 
Quality  and  Reliability  Assurance 
Guidance  and  Control 
Dynamics 
Electronic  Systems 
Aerospace  Ground  Equipment 
Auxiliary  Power 
Bioastronautics 
Communications 
Systems  Integration  and  Trade-Off 
Space  Mechanics 
Sub-Systems  Synthesis  and  Analysis 
Telemetry 
Hypersonic  Re-entry 
Inertial  Guidance 
Navigation 
Nuclear,  Electric  and  Liquid  Rocket 
Propulsion 

Electronics  Research 
Hydrodynamics 

Send  resume  to:  Mr.  E.  W.  Des  Lauriers, 
Manager  Professional  Placement  Staff, 
Dept.  1703,2404  N.  Hollywood  Way, 
Burbank,  California.  An  equal  oppor- 

tunity employer. 

LOCKHEED  CALIFORNIA  COMPANY 
A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 
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rectorate  is  a  crucial  aid  to  the  other 
tech  directorates  in  planning  and  guid- 

ing their  efforts.  Conversely,  the  myriad 
outputs  of  the  various  labs  and  outside 
studies  are  funneled  into  DASP  to  help 
it  perform  its  assigned  mission. 

Once  a  system  is  approved  for  de- 
velopment, it  moves  out  of  the  Deputy 

For  Technology  and  into  one  of  the 
other  deputy  command  areas  within 
ASD.  But  before  this  occurs,  everything 
in  the  system  is  checked  out  and  the 
areas  potentially  most  favorable  for  de- 

velopment are  charted.  This  even  in- 
cludes manufacturing  possibilities. 

Most  of  the  current  work  within 
D/T  aims  at  operational  dates  three  to 
ten  years  from  now,  and  there  is  a  trend 
towards  space  in  the  requirements  out- 

lined to  the  directorates. 
The  entire  applied  research  program 

of  AFSC  is  divided  into  29  technical 

areas.  ASD's  heavy  contribution  is  best 
illustrated  by  the  following  list  of  22 
representative  areas,  with  the  degree  of 
ASD  responsibility  indicated. 

•  Aerospace  Support  Techniques — 100% 

Involves  checkout  and  control  meth- 
ods, site  complex  support,  and  the  man- 

ufacture, handling,  containment  and 
hazard  control  of  cryogenic  fluids. 
•  Aerial  Retardation  and  Recovery — 100% 

Developing  new  concepts  permitting 
the  recovery  of  missiles,  related  compo- 

nents and  payloads. 
•  Materials — 100% 

Developing  new  materials  concepts 
and  applications  (See  page  68). 

•  Navigation  and  Guidance — 100% 
Develop  improved  methods  of  aero- 

space and  spacecraft  guidance. 
•  Advanced  Weapons — 100% 

Non-nuclear,  vehicle-to-vehicle  and 
vehicle-to-ground  weapons. 

•  Aerospace  Vehicle  Propulsion — 100% 

Develop  advanced  propulsion  tech- 
niques excepting  chemical  and  nuclear rockets. 

•  Reconnaissance — 100% 
Techniques  for  sensing,  recording, 

transmission  and  analysis. 
•  Biologistics — 100% 

Aerospace  Medical  Laboratory  func- tions. 
•  Human  Performance — 100% 

Aerospace  Medical  Laboratory  func- 
tions. 
•  Vehicle  Defense — 100% 

Techniques  for  identification,  threat 
evaluation  and  integration  of  all  defen- 

sive measures. 

•  Flight  Control— 99% 
Techniques  to  control  attitude  and 

motion,  including  sensing  and  the  dis- 
play of  flight  information. 

•  Mechanics  of  Flight — 93% 
Development  and  Test  of  new  struc- 

tures for  aerospace  and  space  systems. 
•  Electromagnetic  Warfare — 70% 

Techniques  for  jamming,  detection, 
intelligence  and  counter  measures. 
•  Electronic  Techniques — 57% 

Electronics,  moletronics  and  bionics. 
•  Computer  and  Data  Processing  Tech- 

niques— 48% 
Improvement  of  computer  compo- 

nents and  computer  application. 



Measure  TEMPERATURES 

in  a  ROCKET  NOZZLE?? 

Yes!!  NANMAC  Thermocouples 

have  been  doing  this  for  years! 

For  the  past  5  years, 
NANMAC  thermocouples 
have  been  measuring  the 
inner  surface  tempera- 

tures of  rocket  nozzle 
throats  and  exit  cones 
during  actual  firing  tests. 

NANMAC  thermocouples  are  designed  to  operate  even  dur- 
ing erosion  or  ablation.  The  photo  at  right  shows  a  rocket 

nozzle  just  after  a  firing  test  with  NANMAC  thermocouples 
installed  in  the  exit  cone.  NANMAC  thermocouples  can  be 
made  out  of  such  materials  as  tungsten,  molybdenum, 
graphite,  stainless  steels,  phenolics,  plastics,  etc.  to  match 
identically  the  thermal  properties  of  the  test  item. 

NANMAC  thermocouples  can  also  be  used  in  re-entry  bodies,  shock  tubes, 
materials  evaluation  and  heat  transfer  projects.  Thermocouples  to  5100°F 
with  microsecond  response  times  are  available  now  from  NANMAC.  Write 
for  details  and  discover  a  new  concept  in  temperature  measurement 

NANMAC  CORPORATION 
P.  O.  BOX  8 INDIAN  HEAD,  MARYLAND 

Circle  No.  47  on  Subscriber  Service  Card 

SPLIT 

SECOND 

SAFETY 

Model  7300 
Cast  aluminum  receptor; twin  fountain  heads 
direct  automatically 
regulated  streams into  the  eyes. 

EMERGENCY  EYE-WASH 

Sensitive  eye  tissue  can  be  destroyed  in  moments. 
Contamination  from  industrial  caustics  and  chemi- 

cals requires  instant  first  aid  .  .  .  and  a  HAWS 
Emergency  Eye-Wash  Fountain  can  mean  the 
difference  between  temporary  irritation  and  perma- 

nent injury!  Write  for  your  free  HAWS  catalog. 

Since  1909 
^  EYE-WASH  FOUNTAINS 

a  product  of  HAWS  DRINKING  FAUCET  COMPANY    1443  Fourth  St.,  Berkeley  10,  Calif. 

•  Communications — 33% 
Improved  equipment  and  methods. 

•  Weapon  Fire  Control — 32% 
New  techniques  for  target  search, 

tracking  and  firing  accuracy, 
•  Electromagnetic  Vulnerability 

Reduction — 28% 
Radar  anti-jamming  and  reduced 

interference. 

•  Flight  Vehicle  Power — 24% 
Development  of  power  sources  for 

aerospace  and  space  vehicles. 
•  Electromagnetic  Wave  Techniques — 11% 

Studies  of  the  transmission  of  elec- 
tromagnetic radiation  through  the  at- 

mosphere, space  and  vehicle  "windows". •  Rocket  Engine  Propulsion — 8.5% 
Chemical  rockets  (SSD),  Electric 

Propulsion  (ASD) 
•  Surveillance  Techniques — 5% 

Location,  tracking,  observation, 
ground-to-vehicle  and  vehicle-to-vehicle. 

It  is  obvious  that  the  research  pro- 
gram spans  AFSC.  Management  of 

these  programs  is  independent  of  the 
separate  Division  identities.  One  man 
is  responsible  for  applied  research  in 
each  defined  area.  This  man  is  known 
as  the  Technical  Area  Manager  (TAM). 

Two  other  talented  technical  types 
aid  the  TAM  in  each  area.  A  Planning 
Objective  Coordinator  (POC)  monitors 
applied  research  aimed  at  the  solution 
of  problems  within  a  single  system.  He 
gathers  all  the  various  bits  and  pieces 
throughout  the  divisions  that  might  aid 
in  meeting  his  assigned  needs  in  the 
particular  system. 

A  Technical  Area  Coordinator 
(TAC)  represents  the  TAM  in  each  of 
the  other  divisions  handling  an  aspect  of 
the  particular  applied  research  program 
assigned  to  that  TAM.  This  permits  the 
TAM  to  coordinate  research  extending 
through  various  divisions  of  AFSC. 

ASD  itself  accounts  for  about  20% 
of  the  total  Air  Force  budget.  Procure- 

ments handled  by  the  Division  range 
from  manned  aircraft,  through  missiles 
research,  propulsion,  production  facili- 

ties down  to  parachutes. 
Over  7000  new  contracts  were  nego- 

tiated and  placed  during  the  last  year. 
The  time  involved  in  processing  these 
contracts  ranges  from  0.5  days  to  120 
days,  depending  on  the  complexity  of 
the  system  or  the  technology. 

Many  current  Air  Force-wide  pro- 
curement practices  originated  in  this 

ASD  directorate.  All  Air  Force-owned 
production  plants  are  under  this  office. 
Space  dollars  running  through  the  pro- 

curement section  are  relatively  few 
compared  to  the  established  systems 
expenditures.  But  again,  space  systems 
are  still  below  systems  status  at  ASD 
except  for  the  Dyna-Soar — and  this  last 
is  being  funded  as  an  X-15  type  of 
operation.  & 
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Signal  Generator 

THE  "VOICE"  THAT  CARRIED  22  MILLION  MILES 

Model  412  FM  Signal  Generator,  for 
check  out  of  command  receivers  oper- 

ating in  the  400-550  mc  band,  features 
direct  six-place  digital  readout  of  fre- 

quency. Accuracy  to  within  1  kc  pre- 
vails at  any  setting  throughout  the 

frequency  range.  Continuous  coverage 
is  provided  by  a  single  tuning  control. 
The  unit  is  ideally  suited  for  both  fre- 

quency search  and  for  setting  to  a  given 
frequency,  as  well  as  receiver  align- 

ment, bandwidth  testing,  discriminator 
measurements,  sensitivity  measure- 

ments, filter  attenuation  measurements. 

Microdot  Inc.,  220  Pasadena  Avenue, 
South  Pasadena,  California 

Circle  No.  20  on  Subscriber  Service  Card 

Power  Oscillator 

These  precision  units  are  designed 
for  laboratory  use  in  the  evaluation  of 
antennas,  calibration  power  measur- 

ing devices,  driving  of  amplifiers,  and 
other  applications  where  higher  power 
ratings  are  required.  Model  410,  shown 
above,  offers  a  frequency  range  of  500 
to  1050  mc  direct  reading.  Power  range 
is  50  mw  to  50  w.  The  unit  measures 

8"  x  11  W  x  19"  and  weighs  45  pounds. 
Other  models  cover  ranges  from  200- 
550  mc.  All  components  are  conserva- 

tively rated  and  carefully  arranged  for 
long  life  and  convenient  inspection. 

Microdot  Inc.,  220  Pasadena  Avenue, 
South  Pasadena,  California 

Circle  No.  21  on  Subscriber  Service  Card 

■ 

Signals  from  a  two-pound  Microdot  150-watt  Power  Amplifier  have  been  recorded 
from  a  solar  satellite  more  than  twenty-two  million  miles  beyond  the  earth . . .  an- 

other indication  of  the  proven  performance  of  Microdot  rf  cavities  aboard  satellites, 
ICBM's,  and  rocket  sleds  under  the  most  demanding  environmental  conditions. 
Dozens  of  types  are  available  off-the-shelf  as  standard  miniaturized  modules,  or 
Microdot  can  supply  cavities  to  meet  customer  specifications. 

Microdot  Power  Amplifier  Modules  are  furnished  as  individual  modules  or  designed 
into  a  complete  Microdot  transmitter,  including  power  supply.  Available  with  power 
output  ranges  from  10  to  150  watts  and  power  gain  of  over  10  db,  these  units  are 
used  as  power  amplifiers  and  frequency  multipliers. 

Microdot  Frequency  Multiplier  Cavities  are  standard  modules  assembled  in  a  wide 
variety  of  combinations  covering  the  entire  frequency  range  from  100  mc  to  3000 
mc.  Single  cavities  multiply  as  high  as  nine,  have  been  cascaded  for  even  higher 
multiplication,  and  will  accommodate  amplifiers  to  satisfy  power  requirements. 

Microdot  Airborne  VHF-UHF  Transmitters  are  complete,  integrated  systems  built  to 
meet  your  most  exacting  system  requirements.  They  are  comprised  of  standard 
Microdot  miniaturized  coaxial  cavity  modules  (oscillators,  amplifiers,  and  frequency 
multipliers),  power  triodes,  pulsed  oscillators  and  power  amplifiers.  Many  modifica- 

tions are  possible  to  provide  complete  frequency  coverage  from  100  to  5000  mc. 

For  more  information,  write  for  these  illustrated,  detailed  bulletins:  Bulletin  PTM-1, 
JSC-1,  and  ATC-1. 

Microdot's  Model  2406A  UHF  Telemetry  Trans- mitter utilizes  a  unique,  automatically  stabilized 
circuit  with  the  output  frequency  referenced 
directly  to  a  quartz  crystal,  allowing  greatly 

MICRODOT  I1VC 
220  Pasadena  Ave./South  Pasadena,  Cali 

MUrray  2-3351    SYcamore  9-9171 
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in  Its  Long-Range  Planning 

Massive  facilities  and  highly  trained  staffs  enable  division  to  handle  sweeping 

assignments;  Mitre  Corp.  is  second  strong  arm;  60%  of  R&D  awards  go  to  industry 

OVER  HALF  of  the  $1.9  billion  in 
contracts  for  which  the  Electronic  Sys- 

tems Division,  Hanscom  Field,  Mass., 
|  is  responsible  are  associated  at  least  in 
part  with  the  growing  Air  Force  space 
effort. 

The  majority  of  ESD's  advanced 
planning,  however,  is  directly  concerned 
with  future  requirements  in  space. 

With  its  vast  complex  of  "L"  sys- tems for  command  and  control,  with  its 
current  emphasis  in  integrating  all  C&C 
systems  into  a  single  functional  entity, 
and  with  its  unusually  large  assemblage 
of  technical  talent,  Electronic  Systems 
Division  appears  capable  of  accom- 

plishing its  future  space  tasks  without 
internal  change. 

To  maintain  concurrency  and  to 
assure  complete  systems  integrations, 
AFSC  has  directed  that  all  division 

commanders  "will  require  that  any 
weapon  or  support  system  conceived, 
designed,  or  developed  for  operational 
employment  or  carried  through  to  hard- 

ware stage  be  completely  staffed  and 
coordinated  through  and  with  the  Elec- 

tronic Systems  Division  as  a  procedural 
requirement." 

ESD  is  charged  primarily  with  the 
development  of  all  AF  command  and 
control  systems  necessary  for  data  col- 

lection, processing,  transmission,  and 
display;  other  developments  necessary 
to  permit  weapon  command  and  execu- 

tive control  associated  with  AF  aero- 
space operations;  and  development  of 

test-range  instrumentation  required  to 
test  those  systems. 

In  addition,  ESD  is  responsible  for 
conducting  for  the  USAF  and  other  na- 

tional intelligence  agencies  an  aggres- 
sive R&D  program  for  intelligence  tech- 

niques, equipment,  and  systems. 

In  AF  systems  development,  ESD's 
role  begins  at  the  conceptual  stage.  It 
must  determine  requirements  for  com- 

mand and  control  and  their  integration 
with  each  weapon  system.  Even  after  a 
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BRIG.  GEN.  C.  H.  TERHUNE — Com- 
mands farflung  ESD  developmental  net- 

work. 

system  becomes  operational,  ESD  may 
continue  to  assist  in  providing  system 
improvements — both  in  operational 
techniques  and  hardware. 

•  Functional  organization — The 
present  ESD  commander  is  Brig.  Gen- 

eral C.  H.  Terhune,  Jr.,  who  succeeded 
Maj.  Gen.  K.  P.  Bergquist  in  February. 
His  vice  commander  has  not  yet  been 
named. 

Terhune's  Chief-of-Staff  is  Col. 
W.  K.  Kincaid. 

Answering  directly  to  the  executive 
office  are  three  major  operating  deputies 
for  Advanced  Planning,  Systems  Man- 

agement, and  Technology.  In  addition, 
there  is  a  deputy  for  Foreign  Technol- 

ogy and  one  for  Installations. 
Complementing  the  three  principal 

operating  groups  at  the  Hanscom  Com- 
plex are  the  Cambridge  Research  Lab- 

oratories of  the  Office  of  Aerospace  Re- 
search (see  p.  122)  the  Lincoln  Labora- 

tory of  M.I.T.,  and  the  Mitre  Corp. 

Finally,  the  extensive  laboratories 
and  vast  electronics  development  capa- 

bility of  Rome  Air  Development  Center 
at  Rome,  N.Y.,  are  employed  by  ESD. 
Although  it  is  no  longer  a  part  of  ESD 
administratively,  Rome  will  continue  to 
work  closely  with  the  division.  Accord- 

ing to  AFSC,  there  will  be  no  change  in 
manpower,  funding,  or  mode  of  opera- tion with  the  recent  return  of  RADC  to 
the  direct  control  of  Systems  Command. 

Six  small  ESD  Detachments  for  liai- 
son are  scattered  across  the  country, 

and  there  is  a  seventh  in  Wiesbaden, Germany. 

Total  authorized  ESD  complement 
is  just  under  1600. 

Housekeeping  at  Hanscom  is  pro- 
vided by  the  3245th  Air  Base  Wing 

(with  personnel  total  of  2736). 
Total  ESD  Fiscal  1962  budget  was 

approximately  $850  million.  Of  this 
total,  $513.2  million  was  for  research, 
development,  testing  and  evaluation 

(RDT&E)  and  equipment  for  the  "L" systems  (command  and  control);  $130 
million  was  for  R&D;  and  over  $2.8 
million  for  new  construction. 

Budget  authorization  over  the  next 
five  years  is  expected  to  increase  mod- 

erately. Personnel  requirements  are  ex- 
pected to  increase  at  a  rate  of  from 4-5% /year. 

©  Advanced  planning — The  ACE 
concept  (Aerospace  Control  Environ- 

ment) sets  the  pattern  for  the  Advanced 
Planning  Office.  ACE  is  concerned  with 
the  integration  functionally  of  all  com- 

mand and  control  systems,  now  and  in 
the  future.  SPADATS  (Space  Detection 
and  Tracking  System)  is  the  beginning 
of  such  a  complex  systems  approach.  (It 
is  the  core  around  which  496L,  Space 
Track,  will  be  built  over  the  next  few 

years.) The  task  of  this  planning  group  is  to 
look  ahead  for  5-15  years  to  determine 
future  requirements.  This  might  be  de- (Continued  on  page  143) 
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AMD  Beefing  Up  Facilities  and  Staff 

To  meet  expected  acceleration  of  bioastronautics 

effort,  headquarters  is  doubling  plant  and  busily  recruiting 

AEROSPACE  MEDICINE  Divi- 
sion's headquarters  at  the  School  of 

Aerospace  Medicine,  Brooks  AFB,  Tex., 

is  physically  symbolic  of  the  Air  Force's intention  to  step  up  its  bioastronautics 
capability. 

The  flurry  of  construction  all  over 
the  grounds  of  the  School  will  double 
the  School's  area  by  mid-1963.  Funding 
of  the  additional  buildings — over  $6 
million- — will  bring  the  cost  of  con- 

structing aerospace  medicine  facilities  to 
over  $42  million  over  the  years.  And 
almost  all  of  this  property  has  in- 

creased in  value. 
The  School  plans  to  add  substan- 

tially to  its  payroll  to  man  the  new 
laboratories.  Some  four  or  five  hundred 
technicians  and  laboratory  personnel 
will  be  recruited  in  the  next  year  and 
a  half.  The  AF  bioastronautics  program 
already  maintains  some  1300  people — 
over  a  third  with  professional  degrees. 

•  Mostly  in-house — Officials  at  the 
School  are  expected  to  continue  their 
policy  of  letting  a  little  less  than  half 
of  their  research  to  industry.  The  rest 
is  done  in-house. 

The  School  currently  is  interested  in 
research  in  space-cabin  simulation,  wa- 

ter problems  in  spaceflight,  planetary 
environments,  weightlessness,  some  re- 

search on  algal  systems,  cosmic  radia- 
tion, small-animal  biopak  development, 

audio  and  visual  problems,  vector-cardi- 
ography,  adrenal  function  and  stress,  fat 
embolism  and  irradiation  and  bacterial 
invasion. 

General  areas  in  which  the  School 
expects  to  continue  research  are  radia- 

tion studies,  life  support  systems  for 
spaceflight,  practice  of  medicine  in 
space,  human  performance  studies  and 
basic  research  in  the  biosciences. 

Large  pieces  of  equipment  such  as 
motion  simulators  will  continue  to  come 
from  industry. 

•  Old  wooden  school — SAM  now 

BRIG.  GEN.  T.  C.  BEDWELL,  JR. 
Heads  mushrooming  AMD  organization. 

has  some  47  buildings  with  460,000  sq. 
ft.  of  floor  area.  The  School's  principal activities  are  conducted  in  five  almost 
new  buildings.  However,  some  must  be 
carried  out  in  the  School's  36  old 
wooden  buildings,  which  are  scattered 
all  over  the  base. 

Since  the  old  buildings  are  not 
equipped  with  special  equipment  for 
laboratory  work,  the  new  buildings  are 
badly  overcrowded.  The  Research  In- 

stitute houses  the  one-  and  two-man 
simulators,  supply  services,  part  of  the 
audiology  laboratory,  offices  of  the 
school  commandant  and  his  staff,  the 
high-level  cobalt-60  radiation  facility, 
a  laboratory  for  studying  potentially  in- 

fectious agents,  laboratories  for  mi- 
crobiology-cellular biology,  pathology, 

toxicology,  pharmacology,  space  medi- 
cine, veterinary  services,  and  a  47,000- volume  library. 

Six  new  buildings  will  be  completed 
by  next  summer.  A  separate  library 

building  will  double  the  present  ca- 
pacity. A  new  bionucleonics  building, 

far  from  the  School's  "hot  wing,"  will 
house  a  whole-body  radiation  counter 
for  exact  measurement  of  the  radiation 

present  in  each  subject's  body.  This 
heavily  shielded  structure  will  make 
possible  precise  counts  of  radiation  re- 

ceived in  such  negligible  exposures  as 
flights  of  the  X-15  and  high-altitude  bal- loon flight. 

•  To  50  g's — A  20-ft.  arm  centri- 
fuge with  a  manned  gondola  will  be 

the  prime  research  feature  of  the  new 
bioastronautics-biodynamics  building. 
This  centrifuge  will  be  capable  of  ac- 

celerations up  to  50  g's  in  less  than a  minute. 

Norair's  rotating,  frictionless  sphere 
(M/R,  Oct.  15,  1961)  is  expected  to 
be  delivered  and  operating  by  comple- 

tion of  construction. 
Several  multi-manned  simulation 

chambers  also  will  be  installed  in  this 
building.  Many  Air  Force  bioastro- 

nautics officials  have  indicated  that  they 
will  always  be  interested  in  simulators 
which  can  realistically  simulate  as  many 
of  the  stresses  of  spaceflight  as  possible. 

The  new  professional  building  will 
take  on  the  job  of  keeping  the  Air 
Force's  huge  files  of  medical  data  on 
each  of  its  flight  personnel.  Computer 
equipment  in  this  building  also  will  be 
used  in  research  work  in  conjunction 
with  laboratories  at  the  School. 

The  School  already  has  demonstrated 
its  excellent  capability  in  the  develop- 

ment of  small  animal  biopaks  for  space 
flight.  This  work  and  other  animal 
studies  will  be  implemented  with  the 
new  vivarium.  These  programs  cover 
the  baseline  studies  including  oxygen 
consumption,  carbon  dioxide  output, 
food  requirements,  water  metabolism 
and  nitrogen  balance  in  animals  such 
as  mice,  squirrel  and  rhesus  monkeys, 
chimpanzees  and  man  himself.  8 
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Success  of  a  military  mission  is  measured  in  terms  of  accomplishment  For  manned  and 

Unmanned  aircraft,  a  major  parameter  of  accomplishment  is  survivability  ('^ability  to  fly 
to,  and  return  from,  the  target). 

Survivability  is  currently  being  studied  at  very  low  altitudes.  Texas  Instruments  Incorporated, 
working  with  the  U.S.  Army  Signal  Corps,  the  Air  Force,  and  prime  aerospace  contractors, 

conceived  and  developed  a  completely  automatic  low-altitude  navigation  system.  This  system 
is  light,  simple,  and  relatively  inexpensive.  It  flies  the  aircraft  accurately  over  an  extremely 

low-altitude  terrain  profile  . . .  automatically! 

For  complete  technical  information,  write 
Apparatus  Division,  Texas  Instruments 
Incorporated,  P.  0.  Box  6015,  Dallas  22, 

Texas.  Qualified  "NEED  TO  KNOW"  respon- 
dents only,  please. 

Thousands  of  mites  of  completely  automatic 
terrain  following  flight  are  being  logged  each  month. 

APPARATUS  DIVISION 
PLANTS  IN  DALLAS 

AND  HOUSTON.  TEXAS 

Texas  Instruments 

INCORPORATED 
6  O  O  O  L  E  M 
P.  O.  BOX  6  O  1  5  ■ 

MON  AVENUE 
DALLAS  2  2.  TEXAS 



In  less  time  than  it  takes  light  to  cross  this  room, 

a  new  product,  DELCO'S  N  EW  high  speed  I  U  MC silicon  modules,  could:  (1)  correct  the  course  of  a  missile  in  flight; 

(2)  make  it  possible  for  sonar  pickups  to  track  and  compute  the 

position  of  targets  with  microsecond  accuracy;  and  (3)  handle  any 

number  of  other  airborne  guidance  and  control  functions  that  previous 

modules— due  to  low  speed  or  environmental  or  performance  limitations 

—could  not  handle.  Delco  Radio's  lOmc  modules,  with  a  maximum 

gate-switch  speed  of  40  nanoseconds,  convert  data  100  times  faster 

—even  under  the  most  extreme  environmental  conditions. 

These  3 1  LI  CON  mo<^u'es  come  epoxy  encapsulated,  and 

operate  over  a  temperature  range  of  -55°C  to  +100°C.  And  these 

same  reliable  Q|Q|  |"/\L  c'rcu'*s  are  available  packaged  on 
plug-in  circuit  cards.  These  Delco  |\/|  Q  [}  (      ES  are  environmen" 

tally  proved  to:  SHOCK,  l,000G's  in  all  planes.  VIBRATION,  15G's  at  10  to 

2,000  cps.  HUMIDITY,  95%  at  max.  temp.  STORAGE  AND  STERILIZATION  TEMP. 

-65°C  to  +125°C.  ACCELERATION,  20G's.  Designed  for  systems 

using  from  one  module  to  100,000,  and  the  module's  rated 

performance  considers  the  problems  of  interconnection.  Data  sheets 

are  available.  Just  write  or  call  our  Military  Sales  Department. 

Physicists  and  electronics  engineers:  Join  Detco  Radio's  search  for  new  and  better  products  through  Solid  State  Physics. 

PIONEERING  ELECTRONIC  PRODUCTS  THROUGH  SOLID  STATE  PHYSICS 
Division  of  General  Motors  •  Kokomo,  Indiana 

DELCO 

■  cPENOABILPTY 

RADIO 
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1  ]  0  Circle  No.  23  on  Subscriber  Service  Cord 



MILITARY  SPACE  CENTERS 
AIR  FORCE 

RADC  Broadly  Involved  in  Space 

Research  and  development  at  heavily  funded  center 

covers  half-dozen  astronautics  areas,  including  satellite  reliability 

ALL  FOUR  of  the  operational  di- 
rectorates of  Rome  Air  Development 

Center  are  associated  with  the  Air  Force 
space  effort. 

Under  the  command  of  Maj.  Gen. 
D.  C.  Doubleday,  RADC  has  the  ex- 

tremely broad  mission  of  performing 
electronics  applied  research  and  de- 

velopment for  aerospace  and  defense 
systems. 

With  a  current  budget  of  over  $100 
million,  RADC  generalized  programs 
and  effort  as  a  percentage  of  total  dol- 

lars authorized  are:  Systems  Support, 
15%;  Operational  Support,  5%;  Data 
Acquisition,  25%;  Communications, 
20%;  Data  Processing,  20%;  Display 
and  Engineering  Support,  15%. 

Of  the  almost  1600  personnel  at 
RADC,  over  700  are  engineers  and 
scientists.  Total  FY  '62  R&D  budget  is 
about  $95  million.  Roughly  18%  of  the 
total  RADC  R&D  effort  is  in-house. 

To  indicate  some  measure  of  the 
breadth  of  this  vast  applied  research 
facility,  the  present  USAF  inventory  at 
Rome  is  well  over  $400  million. 

Four  technical  areas  make  up  the 
principal  research  task  at  the  Center — - 
data  acquisition,  processing,  transmis- 

sion, and  display.  Functionally  these 
areas  are  handled  by  four  major  direc- 

torates: Engineering,  Guidance  and 
Control,  Communications,  and  Intelli- 

gence and  Electronic  Warfare. 
•  Engineering — Two  principal 

R&D  efforts  are  maintained  within  the 
Directorate  of  Engineering — data  dis- 

play and  electronics  reliability.  In  addi- 
I  tion  to  these,  Engineering  provides 
j  technical  support  to  the  other  three 
mission  directorates. 

The  group,  comprised  of  240  per- 
sons, operates  under  the  direction  of 

W.  P.  Bethke.  Eleven  different  disci- 
!  plines  are  handled  by  Bethke's  staff  in 
I  three  laboratories:  applied  research,  de- 

velopment engineering,  and  human  en- 
;  gineering.  Forty  percent  of  the  R&D 
performed  by  Engineering  is  accomp- 

lished in-house,  mostly  in  the  Applied 
Research  Lab. 

Important  fields  of  interest  in  R&D 
associated  with  space  are  microminia- 

turization, radiation  effects  on  man  and 
components,  large  dynamic  displays, 
man/machine  relationships,  high  electri- 

cal power  generation,  and — of  major 
concern — satellite  systems  reliability. 

Finally,  it  is  the  lead  directorate  for 
ESD's  477L  program,  Astrec  (Atomic 
Strike  Recording)  and  Nudet  (means 
for  detecting  nuclear  detonation) . 

•  Guidance  &  control — The  Direc- 
torate of  Guidance  and  Control,  headed 

by  Col.  J.  B.  Bryant,  is  chiefly  con- 
cerned with  data  acquisition.  Thus  it 

makes  use  of  radar  and  microwave  tech- 
nology in  developing  systems  and 

techniques  for  detection,  tracking, 
recognition  and  identification,  plus  com- 

mand and  control  up  to  the  kill  phase 
in  weapon  systems. 

Major  areas  of  research  include 
radar  application  of  optical  frequencies, 
super  amplifier  power  tubes,  plasmas, 
space  detection  and  tracking  (496L), 
adaptive  radar  techniques,  techniques 
for  signature  studies,  ground  systems  for 
space  guidance  and  control,  libration 
point  surveillance  systems,  electromag- 

netic propagation  studies,  and  high- 
power  break  down  phenomena. 

G&C  is  the  principal  directorate  for 
supporting  the  473L  program. 

The  directorate  is  comprised  of 
three  laboratories  for  control  systems, 
space  defense  systems  and  techniques. 

•  Communications  —  Col.  L.  N. 
Palmer  leads  the  Directorate  of  Com- 

munications. It,  too,  employs  three  labs 
(advanced  development,  equipment, 
electromagnetic  vulnerability)  plus  a 
communications  planning  office. 

Concerned  with  data  transmission, 
all  facets  of  advanced  communications 
systems,  subsystems  and  techniques,  it 
is  directly  associated  with  all  of  the 
ESD  command  and  control  systems 
integration. 

A  principal  assignment  in  the  direc- 
torate is  the  passive  satellite  program 

directed  by  NASA.  Much  of  its  work 
has  been  centered  on  the  antenna  prob- 

lem associated  with  the  Echo  project. 
•  Intelligence  and  EW — The  fourth 

area  of  technical  concern  to  RADC  is 
data  processing,  handled  by  the  Direc- 

torate of  Intelligence  and  Electronic Warfare. 

Also  divided  into  three  functional 
labs,  I&EW  is  directed  by  Howard 
Davis. 

Information  Processing  Lab  is  con- 
cerned with  advanced  development  in 

all  areas  of  data  handling,  storage,  re- 
trieval, and  processing,  and  thus  sup- 

ports all  of  the  L  systems  making  use 
of  such  techniques. 

Principal  research  areas  include  de- 
velopment of  associative  memories, 

hybrid  systems,  improved  man/machine 
computation  techniques,  adaptive  pro- 

cessing systems  for  reconnaissance-data 
information  extraction,  multi-sensor  ap- 

proaches to  recon  interpretation. 
The  other  two  labs  for  QRC  (Quick 

Reaction  Contracts)  and  EW  (Elec- 
tronic Warfare)  are  associated  in  mis- 
sions. QRC  handles  a  vast  number  of 

small  electromagnetic-intelligence  R&D 

programs. These  generally  are  efforts  that  can 
be  placed  in  industry  for  development 
in  time  periods  under  nine  months. 
Hardware  contracts  run  about  $15  mil- 

lion/year and  are  valued  from  $1000- 
$100,000. Of  the  32  existing  major  efforts,  six 
are  being  performed  in-house.  Although 
much  of  the  work  is  for  ground  sys- 

tems, some  are  associated  with  Strategic 
Air  Command  flight  requirements. 

The  EW  Lab  program  is  concerned 
primarily  with  electronic  countermeas- 
ures.  Its  largest  effort  is  supporting  the 
466L  program. 

Other  major  studies  include  funda- 
mental plasma-sheath  and  propagation- 

medium  research.  " 
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AMR  Cost:  $2.54  Billion  Through  '66 

Future  space  requirements  will  call  for  more  tracking 

ships  and  instrumentation  satellites;  Titan  III  complex  to  be  built 

GREATLY  INCREASED  reliance 
on  tracking  ships  and  the  eventual  use 
of  instrumentation  satellites  is  expected 
to  provide  wide  flexibility  for  the  han- 

dling of  future  space  vehicles  on  the 
Atlantic  Missile  Range  of  the  Air  Force 
Missile  Test  Center. 

The  tracking  ships,  ARIS  (Ad- 
vanced Range  Instrumentation  Ships) 

using  the  Navy's  Transit  satellite  to 
achieve  high  positioning  accuracy,  will 
spark  the  shift  to  sea-based  mobility. 

Another  major  move  will  be  the 
construction  of  a  three-pad  launch 
complex  for  the  Titan  III  booster. 

The  high  cost  of  Space-Age  manned 
and  nuclear  systems,  plus  the  need  for 
real-time  telemetry,  will  push  the  total 
investment  in  AMR  facilities  to  $2.54 
billion  by  the  end  of  Fiscal  1966.  Pres- 

ent capital  plant  investment  is  only  $1 
billion. 

The  Titan  111  complex  will  be  built 
inside  the  new  NASA  land  acquisition 
area  at  Cape  Canaveral.  Air  Force 
plans  call  for  the  construction  of  three 
pads,  but  it  is  possible  that  only  two 
will  be  built. 

The  pads  will  be  an  "integrated" facility  in  which  the  vehicle  and  its 
payload  will  be  assembled  in  an  indus- 

trial facility  and  moved  to  the  pad  by 
rail.  While  no  final  decision  has  been 
made,  it  is  expected  that  each  pad  will 
also  have  a  gantry  which  will  also  be 
movable  by  rail. 

Instrumentation  satellites  may  well 
fill  the  need  for  real-time  telemetry  in 
manned  vehicles.  In  some  thinking,  the 
satellites — possibly  manned — will  orbit 
the  earth  in  the  plane  of  what  is  now 
the  AMR/PMR  global  network. 

(Details  of  the  AMR/PMR  global 
net  were  laid  out  by  M/R  on  Nov.  21, 
1960,  pp.  12-15). 

Direct  communications  between  all 
points  will  be  essential  for  large-scale 
manned  flights,  and  boost-phase  control 
may  be  made  a  responsibility  of  this 
satellite  system. 

Until  such  a  sophisticated  system 
comes  into  the  picture,  however,  the 

ARIS  will  bear  an  increasing  burden 
of  responsibility  for  data  acquisition. 
Positioning  of  the  10-15  ships  will  be 
achieved  through  the  Transit  system 
used  by  the  Navy,  which  has  established 
tracking  and  other  facilities  for  this 
satellite  system  in  the  Philippines.  It  is 
capable  of  servicing  ships  operating  in 
the  Indian  Ocean. 

•  ARIS  program  growth  —  Vessels 
numbered  1  and  2  of  the  Advanced 
Range  Instrumentation  Ships  program 
are  now  about  two-thirds  completed, 
according  to  Air  Force  officials.  Sperry- 
Rand  Corp.  and  Air  Force  only  recently 
definitized  the  prime  contract,  although 
Sperry  has  been  working  for  some  time 
on  a  letter  contract. 

A  PERT-type  management  struc- 
ture and  control  mechanism  has  been 

established  to  handle  what  many  be- 
lieve will  be  the  most  sophisticated  in- 

strumentation ships  ever  developed. 
Completion  date  is  scheduled  for 

late  1962  for  #1,  followed  in  45  days 

by  #2. Conversion  of  the  World  War  II 
troop  transports  is  now  in  advanced 
stages  of  completion  at  Bethlehem  Steel's shipyard  in  Brooklyn.  Installation  of 
the  heavy  load  of  electronic  instrumen- 

tation is  now  under  way. 
The  14,300-ton,  520-ft.-long  vessels 

will  each  carry  a  civilian  ship's  crew  of 100  and  an  instrumentation  group  of 
approximately  the  same  size,  which  is 
aimed  at  extending  the  AMR  to  10,000 
miles.  Prime  contractor  for  the  program 
is  Sperry  Rand  Corp. 

Ships  3  and  4  are  expected  to  be 
funded  for  FY  '63. 

In  all,  present  AMR  plans  call  for 
a  total  of  10  range  ships — ARIS  1 
through  6  will  be  "master"  ships,  ARIS 
7  through  10  will  be  satellite  vessels. 
The  master  ships  will  carry  continuous- 
wave  transmitters,  the  other  four  will 
carry  range  and  range-rate  instrumen- 

tation. Up  to  15  ships  may  be  needed. 
The  first  four  vessels  are  expected to  carry: 

C-band  Radar  (single  mode  of  po- 

larization, beacon,  or  skin  track). 
Telemetry  (automatic  track,  receive, 

record  from  200  mc  to  14  kmc). 
Timing  System  (synchronized  to AMR  timing). 

Command  Control  (antenna  slaved 
to  406-450  mc  trackers). 

In  addition,  each  ship  will  have  a 
complete  operations  control  center, 
complete  communications  facilities  cov- 

ering all  necessary  frequencies,  a  me- 
teorological center,  a  data  processing 

system,  and  a  stabilization/navigation 
system.  The  latter  will  provide  passive 
stabilization  position  to  ±  50  ft.  and 
true  heading  accurate  to  30  seconds  of 
arc. 

Ships  5  and  6  will  carry  L-,  C-,  and 
X-band  radars,  and  an  improved  tim- 

ing system  accurate  to  100  microsecs, 
together  with  systems  similar  to  those 
of  the  first  four  vessels.  They  will  not 
have  complete  control  centers. 

•  Glorrac  system — Another  new  sys- 
tem, developed  jointly  with  the  Pacific 

Missile  Range,  is  called  Glotrac.  This 
will  be  a  global  tracking  system  to 
provide  position  and  velocity  data  of 
space  vehicles  in  rectangular  coordi- nates. 

The  system  was  designed  to  meet 
the  stated  requirements  of  Centaur  and 
Advent  and,  in  general,  is  for  fixed- 
orbit  vehicles.  It  is  expected  to  go  opera- 

tional in  December.  Where  possible, 
elements  of  this  system  will  be  designed 
as  air-transportable  units.  Very  long 
base  lines  are  used  between  stations. 

Built  by  General  Dynamics/ Astro- 
nautics, the  system  is  described  by 

AMR  spokesmen  as  "the  next  step  in 
providing  ever-increasing  instrumenta- 

tion accuracy." •  MISTRAM  system  —  General 
Electric 's  Missile  Trajectory  Measure- 

ment (MISTRAM)  system  is  due  to 
become  fully  operational  at  Cape  Ca- 

naveral by  mid- 1962. 
Accuracy  of  the  system  is  sufficient 

to  detect  a  range  measurement  for  a 
vehicle  with  extreme  accuracy  over  a 
distance  from  20  to  1000  miles.  The 
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MISTRAM  central  station  is  used  to  ac- 
quire the  vehicle,  track  its  flight  and 

transmit  signals  to  the  missile  beacon, 
five  receiving  antennas,  one  at  the  cen- 

tral station  and  one  at  each  of  the  four 
remote  sites,  are  slaved  to  this  tracking 
antenna  so  that  they  also  follow  the 
vehicle  and  receive  signals  from  its 
beacon. 

Measurement  of  the  phase  shift  be- 
tween the  transmitted  and  received  sig- 

nals at  the  central  station  is  used  to  de- 
termine range.  Measurements  of  the 

differences  in  phase  shift  between  sig- 
nals received  at  the  central  station  and 

those  at  the  remote  stations  will  yield 
range  differences  to  define  vehicle  posi- 

tion in  space.  Measurements  of  the  rate 
of  change  of  range  and  four  range  dif- 

ferences are  used  to  determine  vehicle velocity. 

It  is  expected  that  by  refining  scien- 
tific knowledge  of  such  basic  items  as 

the  speed  of  light  and  the  precise  dis- 
tances between  instrument  stations,  ov- 

erall range  accuracy  and  reliability  will 
be  significantly  increased. 

•  Budget  increases  —  The  present 
capital  plant  investment  in  AMR— ap- 

proaching $1  billion — has  reached  its 
level  from  a  figure  of  $27  million  in 
June,  1950.  At  the  fiscal  year  ending 
June  31,  the  range  will  have  about  the 
following  total  investment:  1962,  $1,097 
billion;  1963,  $1,616  billion;  1964, 
$1,940  billion;  1965,  $2.39  billion; 
1966,  $2,543  billion. 

These  figures  include  investment  in 
real  property  and  equipment  such  as 
blockhouses,  range  vessels,  and  instru- 

mentation. It  does  not  include  vehicles, 
and  no  allowance  is  made  for  appreci- 

ation or  depreciation  of  capital  plant. 
Permanent  work  force  at  the  range, 

including  military,  civil  service  and  con- 
tractor personnel  (but  not  construction 

workers)  will  draw  $199.3  million  in 
payrolls  by  June,  1966,  compared  with 
the  present  figure  of  $158.9  million  and 
the  June,  1950,  level  of  $2  million. 

Coupled  with  the  current  procure- 
ment rate  of  $180.9  million,  the  con- 

struction and  real  property  expenditures 

and  the  payroll  level,  this  fiscal  year's 
AMR  spending  comes  to  $493.9  mil- 

lion. The  FY  '62  figures  include  the 
National  Aeronautics  and  Space  Ad- 

ministration's purchase  of  land  for  $80 
million,  and  AMR's  procurement  of 
MISTRAM  equipment  and  the  first  two 
vessels  for  the  ARIS  program. 

AMR  now  has  roughly  a  26,000 
working  population,  contrasted  with  the 
1163  it  had  in  1950.  This  includes  13,- 
200  at  Cape  Canaveral,  8700  at  Pat- 

rick Air  Force  Base,  and  3900  down- 
range.  About  3000  are  civil  service, 
4500  military,  and  the  remainder  are 
contractor  personnel,  including  1600 
construction  workers. 
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AMR  is  represented  on  the  Range 
Commander's  Conference.  This  group 
attempts  to  standardize  range  operations, 
equipment  and  procedures,  and  serves 
as  a  "tie-together"  of  all  national  ranges. This  level  also  tries  to  determine  how 
each  range  ties  in  specifically  with  the 
national  range  system  for  each  specific 
project.  How  each  project  affects  each 
range  and  what  each  range's  responsi- 

bility will  be  for  each  project — Dyna- 
Soar,  for  instance. 

The  system  works  something  like 
this:  for  example,  Edwards  AFB  is  sub- 

servient in  Dyna-Soar  to  the  "lead"  or 
launching  range,  AMR  is  charged  with 
working  out  the  Master  Plan  for  the 
project,  and  coordinating  these  plans 
with  the  other  ranges.  Any  of  the  other 
ranges  can  coordinate  plans  on  a  specific 
project  with  that  project's  SPO  at 
Wright-Patterson. 

•  Study  programs — In  addition  to 
its  standard  range  operations,  AMR  is 
planning  several  major  study  programs. 

One  is  a  proposed  study  to  examine 
the  use  of  high-altitude  aircraft,  rock- 

ets, and  satellites  as  targets  for  instru- 
mentation calibration  and  error  anal- 

yses. The  goal  is  to  improve  present 
mathematical  models  and  to  define  re- 

quired sample  sizes  for  various  mis- sions. 
A  second  is  based  on  existing  needs 

for  the  accurate  prediction  of  plasma 
effects  on  AMR  instrumentation.  Range 
officials  have  proposed  a  study  to  de- 

velop criteria  for  minimizing  these  ef- 
fects on  future  instrumentation  systems. 

A  third  is  a  planned  study  of  the 
refraction  effects  on  range  instrumen- 

tation. Present  trajectory  measurement 
accuracy  is  limited  by  our  incomplete 
knowledge  of  atmospheric  refraction. 

The  aim  here  is  to  find  techniques  for 
correction  of  these  effects,  and  to  define 
the  magnitude  of  refraction  effect  in 
the  measurement  of  position  and  velo- 

city. Finally,  AMR  hopes  to  develop 
methods  of  correction  and  determining 
the  magnitude  of  residual  error  after 
these  techniques  have  been  applied. 

Another  proposed  study  is  of  in- 
strumentation for  penetration  and  eval- 

uation (ARIS  vessels  5  and  6  will  be 
designed  to  assist  this  project).  Radar 
sensitivity,  resolution,  and  appraisal  of 
target  characteristics  will  be  investi- 

gated as  a  part  of  the  study  of  acquisi- 
tion methods.  Pulse  radars  planned  for 

use  in  the  program  will  approach  the 
limits  of  performance  in  antenna  size, 
power  consumption  and  radiation  haz- 

ards. Associated  data  handling  tech- 
niques also  will  be  studied.  tt 
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MILITARY  SPACE  CENTERS 
AIR  FORCE 

Space  Work  Increases  at  Test  Centers 

THREE  AIR  FORCE  installations 
handle  developmental  testing  of  guid- 

ance, boosters  and  armament — the  Mis- 
sile Development  Center  at  Holloman 

AFB,  N.M.,  the  Air  Proving  Ground 
Center  at  Eglin  AFB,  Fla.,  and  Vanden- 
berg  AFB,  Fla. 

These  functions  represent  only  pri- 
mary missions,  for  each  now  and  in  the 

future  will  support  the  Air  Force  mili- 
tary space  programs  in  a  steadily  in- 

creasing and  expanding  effort. 
•  Vandenberg  AFB — When  VAFB 

was  moved  to  SAC  control,  in  January, 
1958,  an  AFSC  Field  Office  was  set  up 
to  carry  out  the  assigned  mission  of 
research  and  development.  Development 
programs  at  that  time,  although  well- 
advanced,  included  the  Thor  IRBM, 
Atlas  ICBM,  and  the  Discoverer  pro- 
gram. 

After  several  mission  and  name 
changes,  the  group  was  designated  the 
6595th  Aerospace  Test  Wing  in  Novem- 

ber, 1961.  It  is  commanded  by  Col. 
Joseph  J.  Cody,  Jr.,  a  veteran  of  13 

years'  AFSC  experience  and  four  years at  VAFB. 
In  the  overall  VAFB  scene,  the 

base's  primary  mission  is  that  of 
SAC's  1st  Strategic  Aerospace  Division, commanded  by  Maj.  Gen.  Joseph  J. 
Preston. 

The  6595th  Aerospace  Test  Wing 
now  has  over  500  personnel.  It  plays  a 
critical  part  in  all  launches  from  VAFB 

— both  in  operational  training  and  space 
programs.  In  its  mission  are  included 
construction  of  all  technical  facilities, 
installation  and  checkout  of  technical 
equipment  and  demonstration  of  missile 
weapon  systems  upon  completion.  When 
operational,  the  missile  systems  are 
turned  over  to  SAC,  and  technical 
assistance  is  provided  by  the  Test  Wing 
as  required. 

The  6595th's  space  mission  involves field  research  and  development  for  such 
programs  as  Discoverer  and  the  Atlas- 
Agena  satellite  systems. 

There  are  two  deputies  responsible 
to  the  Wing  Commander:  a  Deputy  for 
Ballistic  Missile  Systems  and  a  Deputy 
for  Space  Systems. 

The  Deputy  for  Space  Systems  is 
responsible  for  field  management  of 
space  programs  assigned  to  the  Wing. 
At  present,  these  programs  include  Dis- 

coverer, Atlas-Agena,  Blue  Scout  and 
Special  Projects.  Thirty-eight  Discover- ers have  been  launched  from  VAFB 
with  26  achieving  orbit.  During  the 
same  period,  eight  Atlas-Agena  vehicles 
were  launched.  The  Blue  Scout  program 
is  expected  to  begin  operations  in  the 
very  near  future. 

Of  the  seven  Thor  launch  pads  at 
VAFB,  one  has  been  assigned  exclu- 

sively for  the  use  of  Thor-Agena  proj- 
ects, excluding  Discoverer,  and  another 

Thor  complex  has  been  given  over  to  the 
Thor-Agena-Discoverer  launchings.  The 

single  "off-beat"'  Thor  pad  is  being  con- 
verted to  special  NASA  projects. 

The  Test  Wing  at  VAFB  is  available 
and  is  usually  called  upon  for  support 
in  projects  other  than  those  of  a  pure 
USAF  nature — to  aid  in  such  NASA 
launches  as  may  be  made  from  VAFB. 
In  this  capacity,  Test  Wing  personnel 
are  usually  those  thoroughly  familiar 
with  the  checkout  and  launch  require- 

ments of  a  particular  booster  system. 
They  may  also  act  in  a  general  liaison 
capacity  with  whatever  agency  is  spon- 

soring the  program  as  far  as  payload 
is  concerned.  The  Wing's  primary  in- 

terest, however,  is  the  booster. 
Test  Wing  capability  must  also  be 

continually  up-dated.  Most  of  their  ex- 
perience stems  from  long-time  launch 

experience  of  military  weapon  boosters. 
Atlas  and  Thor  are  two  current  exam- 

ples of  this.  Titan  booster  experience 
will  soon  be  added  to  the  list. 

The  Blue  Scout  launches  point  up 
the  "cooperative"  feature  of  VAFB/ 
PMR  operation. 

At  the  southernmost  end  of  the 
64,000-acre  VAFB  complex  is  the  Naval 
Missile  Facility,  Point  Arguello,  Calif. 
This  is  where  the  Blue  Scout  launches 
have  been  and  will  be  made.  New  probe- 
type  launch  facilities  are  near  comple- tion there. 

The  AF's  Cambridge  Research  Lab- 
oratory has  made  several  launches  from 
(continued  on  page  139) 
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AEROSPACE  MEDICINE 
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FOREIGN  TECHNOLOGY 
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AFSC  Oversees  All  Air  Force  Space  Activity 

AIR  FORCE  SYSTEMS  COMMAND,  Andrews  AFB,  Md.,  service's  divisions  and  centers.  Two  divisions — Aerospace  Medi- 
headed  by  Lt.  Gen.  Bernard  Schriever,  administers  all  of  the       cine  and  Foreign  Technology — were  created  in  past  year. 
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AEDC  Adds  New  Space  Test  Facilities 

Rocket  test  cells,  hyperballistic  range,  and  environmental 

chamber  are  under  construction  or  planned;  Center  budget  is  rising 

FULFILLING  the  environmental 
testing  needs  of  the  Air  Force  and  other 
government  agencies  is  the  major  ob- 

jective of  the  Arnold  Engineering  De- 
velopment Center. 

To  do  this,  AEDC  and  its  operating 
contractor  ARO,  Inc.,  manage  a  vast, 
$300-million  complex  of  wind  tunnels, 
rocket  test  facilities  and  ballistic  ranges 
— designed  to  test  aerospace  vehicles 
over  the  entire  spectrum  of  flight 

(M/R,  Aug.  14,  '61). 
Complete  performance  of  the  AEDC 

mission,  however,  requires  a  constant 
updating  of  existing  facilities  and  the 
construction  of  advanced,  aerospace  test 
chambers. 

•  New  facilities  planned — At  pres- 
ent, four  environmental  test  facilities 

are  being  added  to  the  AEDC  complex 
to  more  adequately  meet  the  challenges 
of  the  space  environment  and  the  large 
rocket  engine. 

The  first  of  these  facilities — the  J-2A 
ultra-high-altitude  rocket  test  cell — re- 

cently completed  shakedown  tests.  Ca- 
pable of  handling  a  full-scale  Agena 

propulsion  vehicle  in  its  32-ft.-long, 
1 9-ft.-diameter  test  chamber,  the  cell 
can  maintain  a  pressure  of  less  than 
3  x  10"6mm.  of  mercury  and  a  tempera- 

ture of  — 320°F  for  several  days. 
Cryogenic  pumping  surfaces  utiliz- 
ing liquid  nitrogen  and  gaseous  helium, 

supplemented  by  oil  diffusion  pumps, 
are  used  to  obtain  the  simulated  100- 
mile  altitude.  J2-A  is  the  largest  existing 
vacuum  chamber  in  which  chemical 
rockets  can  be  test-fired  under  near 
space  conditions. 

Under  construction  is  a  1000-ft. 
Hyperballistic  Range — able  to  duplicate 
the  Mach  number,  pressures  and  stag- 

nation temperatures  of  advanced  mis- 
siles and  spacecraft  during  atmospheric 

re-entry.  The  lO-ft.-dia.  ballistic  range 
will  be  able  to  accommodate  telemetry- 
instrumented  projectiles  up  to  2'/2-in.  in 
diameter  at  speeds  of  25,000  fps  or 
better. 

AEDC  engineers  expect  the  new 
range  to  enable  them  to  investigate  wake 
geometry,  microwave  transmission  and 
meteoric  impact  as  well  as  re-entry 
dynamics. Excavation  for  a  Rocket  Altitude 
Test  Cell  (J-4)  has  recently  been  com- 

pleted, and  the  contractor  is  expected 
to  begin  pouring  concrete  into  the  more 
than  250  ft.  deep  hole  soon.  When  it  is 
completed  the  cell  is  expected  to  be  able 
to  handle  rocket  engines  up  to  1.5  mil- 

lion-lbs.-thrust  at  simulated  altitudes  in 
excess  of  100,000  ft. 

Although  initially  the  J-4  will  be 
able  to  handle  only  LOX/RP-fueled  en- 

gines, it  is  expected  that  eventually  it 
can  be  adapted  for  engines  using  liquid 
oxygen  and  liquid  hydrogen. 

The  most  sophisticated  Chamber 
under  development,  however,  is  the 
Mark  I  Space  Environmental  Chamber. 
In  its  35-ft.-diameter,  65-ft.-high  clear 
test  area,  this  ground  test  facility  will 
have  the  capability  to  test  full-scale 
satellite  vehicles — such  as  Discoverer, 
Advent  and  Satellite  Interceptor — under 
simulated  space  conditions. 
The  -million  facility  will  simu- 

late the  pressure,  temperature,  solar 
radiation,  albedo,  earth  radiance  at  alti- 

tudes 300  miles  above  the  earth — as 
well  as  the  vibrational  stresses  on  a 
space  vehicle  during  launch. 

Even  more  sophisticated  space  en- 
vironmental chambers  are  under  study 

to  meet  the  anticipated  aerospace  re- 
quirements of  the  Air  Force. 

•  Dollars  going  up — The  annual 
operating  budget  of  AEDC  is  presently 
a  little  over  $37  million — 85  to  90% 
goes  to  the  operating  contractor,  ARO, 
Inc. 

Officials  at  Arnold  Center  expect 
their  budget  to  rise  slowly  as  more 
facilities  become  operational. 

Two  main  applied  research  areas  ac- count for  most  of  the  dollars  spent  by 
AEDC  on  research — developing  criteria 
for  large  space  simulation  chambers  and 
improving  facilities  already  operational. 
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For  example,  in  1961,  the  Air  Force 
let  research  studies  for: 

—Methods  of  transmitting  data  from 
a  space  vehicle  undergoing  test  in  a 
very-high-vacuum  chamber  to  automatic 
data  reduction  equipment  outside  the 
chamber. 

—Investigation  of  devices  to  accu- 
rately measure  the  density,  composition 

temperature,  radiation  and  other  simu- 
lated environments  of  outer  space. 

—Research  to  determine  the  most 
practical  and  economical  methods  of 
simulating  solar  radiation  in  an  aero- 

space ground  test  facility. 
—Methods  of  ground-testing  ion 

engines. 
—New  techniques  for  removing  air 

from  space  environmental  chambers  to 
simulate  the  ultra-high-vacuum  condi- 

tions of  space. 
•  Procurement  areas  outlined — 

Most  of  the  approximately  40,000  line- 
items  stocked  and  maintained  by  ARO 
for  the  Air  Force  are  procured  on  a 
fixed  price  basis  involving  award  of  12- 
13,000  subcontracts  annually.  However, 
any  item  above  $25,000  must  be  ap- 

proved by  the  AF  administrative  con- 
tracting officer.  In  addition,  special 

equipment  such  as  machine  tools  and 
special  pumps  must  be  approved  for 
purchase  by  the  AF. 

Of  the  50-60  numbered  AF  contracts 
issued  during  any  one  year,  approxi- 

mately fifty  percent  are  negotiated.  The 
remaining  fifty  percent  are  awarded 
based  on  formal  advertising  procedures. 

Using  almost  exclusively  a  cost-re- 
imbursement type  contract  for  research 

and  development  the  AEDC  procure- 
ment officers  usually  try  to  limit  the 

number  of  bidders  for  a  particular  R&D 
procurement  because  of  the  low  dollar 
value  of  the  award  as  compared  to  the 
high  cost,  in  both  time  and  money,  of 

ARTIST'S  DRAWING  of  Arnold  Center's  Mark  1  Space  Environment  Chamber,  which 
will  be  used  to  test  full-scale  satellite  vehicles  in  simulated  space  conditions. 

evaluating  a  large  number  of  proposals. 
Arnold  officials  consider  the  competition 
for  both  R&D  and  base  procurement 
contracts  now  to  be  sufficient. 

The  small  business  participation  in 
AEDC  work,  officials  assert  with  no 
little  pride,  is  approximately  $4  million 
out  of  a  total  material  procurement  and 
maintenance  budget  of  $10  million.  This 
dollar  total  for  small  business  repre- 

sents some  70%  of  the  items  purchased. 
AEDC  officials  say  industry  is  wel- 

come to  visit  the  Center  at  any  time,  to 
explain  capabilities  and  to  get  on  the 
bidders  list.  However,  they  stress  that 

because  of  the  extremely  difficult  and 
unique  fabrication  services  required, 
their  specifications  are  very  rigid. 

•  Major  items  procured — In  addi- 
tion to  architectural  and  engineering 

services  for  the  expansion  of  facilities, 
AEDC  spends  most  of  its  base  procure- 

ment dollar  in  the  following  areas:  high- 
speed cameras,  magnetic  core  valves, 

instrumentation,  transducers,  ducting, 
steel,  heat-treated  metals  and  electrical 

equipment. Liquid  oxygen  and  nitrogen,  propane 
and  spare  parts  peculiar  to  the  equip- 

ment are  also  bought  from  industry.  8 
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Parts  molded  of  J-M  Thermomat®  meet  the 

extreme  service  demands  of  the  missile  age 

Here  is  a  unique  new  molding  com- 
pound in  sheet  form  that  offers  many 

advantages  in  rocket  and  missile  ap- 
plications. Cured  parts  and  compo- 

nents molded  of  J-M  Thermomat  — 
such  as  the  collar  you  see  here— have 
already  proved  they  can  meet  the 
most  extreme  service  demands. 

Because  these  parts  withstand 
high  temperatures,  offer  maximum 
resistance  to  ablation  and  erosion . . . 
they  are  currently  being  used  as  an 
erosive  flame  shield  for  protecting 
critical  guidance  and  stabilizing 
mechanisms  on  operational  missiles. 

Thermomat's  high  strength-to- weight  ratio  is  another  important 
advantage,  permitting  rocket  weight 
to  be  reduced  and  fuel  capacity  in- 

creased. Thermomat  parts  also  have 
a  high  modulus  of  elasticity. 

In  sheet  form,  this  non-woven  as- 

bestos-phenolic molding  compound 
is  unusually  conformable  and  plia- 

ble, making  assembly  quicker  and 
easier.  Molders  like  the  way  joints 
and  seams  work  together  as  readily 
as  putty  .  .  .  and  the  fact  that  one 
man  can  handle  lay-up,  saving  hours 
of  time. 

Non-fillouts  are  at  an  absolute 
minimum,  even  on  complex  configu- 

rations. Asbestos  fibers  are  free- 
flowing  during  molding,  resulting  in 
a  uniformly  reinforced  part.  This 
versatile  product  lends  itself  to  both 
low  and  high  press  molding  cycles, 
thus  keeping  inventory  and  waste  to 

a  minimum.  Any  machining  of  cured 
Thermomat  parts  to  precision  toler- 

ances can  be  easily  accomplished 
with  standard  metal-working  equip- 
ment. 

Thermomat  is  supplied  in  sheets 
14"  wide  .  .  .  approximately  12'  long 
...and  Yu"  thick.  Thermomat  in  other 
dimensions  may  be  supplied  on  re- 

quest. Molders  are  invited  to  write 
for  Technical  Bulletin  TX-10A  and 
a  generous  free  sample  in  order  to 
try  this  remarkable  molding  ma- 

terial for  themselves.  Write  Johns- 
Manville.Box  359,  New  York  16,  N.Y. 
In  Canada :  Port  Credit,  Ont. 

Johns -Manville  vm 
THERMOMAT  |wJkJT] 
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MILITARY  SPACE  CENTERS 
AIR  FORCE 

Edwards  Looms  Large  in  Dyna-Soar 

Flight  Test  Center  has  outstanding  qualifications 

as  'spaceport';  major  concern  is  range  receiving  equipment 

EDWARDS  AIR  FORCE  BASE, 
i  home  of  the  Air  Force  Flight  Test  Cen- 
Iter,  will  move  strongly  into  the  space 
business  in  the  Dyna-Soar  program — 

, and  could  easily  wind  up  as  "Spaceport, 
Terminus — USA"  for  manned  and  un- manned vehicles. 

The  Center  has  a  "high"  range,  ex- tending from  Edwards  northeast  to 
IWendover,  Utah,  approximately  362 
miles.  The  range  facilities  are  being  up- 

dated— particularly  telemetry  installa- 
tions. These  last  are  being  modified  for 

a  more  detailed  readout  of  operations  in 
real  time — a  must  for  Dyna-Soar  studies. 

The  AFFTC's  Space  Positioning 
Range  handles  vehicles  within  an  area 
125  mi.  long  and  100  mi.  wide,  with 
altitudes  over  100  mi.  This  capability  is 
being  increased  through  the  moderniza- 

tion program. 
Space  positioning  operations  also 

have  satellite  tracking  stations.  Long- 
range  optical  tracking  systems  have  been 
installed.  The  modernization  program 
has  been  funded  through  normal  budg- 

etary channels  and  all  are  part  of 
AFFTC's  long-range  plans. 

The  surrounding  area  bolsters  Ed- 
ward's possibilities  as  a  terminal  point for  space  missions.  Directly  to  the  north 

lies  the  Naval  Ordnance  Test  Station 
(NOTS),  China  Lake,  Calif.— another 
unit  with  long-term  tracking  and  data- 
acquisition  experience  and  equipment. 

The  huge  Pacific  Missile  Range 
complex  is  located  to  the  west  of  Ed- 

wards— the  Naval  Missile  Facility,  Point 
Arguello  and  Vandenberg  AFB — instal- 

lations with  well-known  tracking  and 
instrumentation  capabilities. 

Northwest  of  Edwards,  about  400 
|  mi.  away,  sits  the  well-publicized  Air 
Force  Satellite  Test  Wing  at  Sunnyvale, 
Calif. — more  tracking  and  data  acqui- 

sition ability. 
This  places  Edwards  at  the  hub  of 

a  completely  instrumentated  and  ex- 
tremely large  geographical  area. 

In  addition  to  the  relatively  unpop- 
ulated area  immediately  surrounding 

Edwards,  there  are  many  auxiliary  sites 

capable  of  mobile  instrumentation.  The 
broad  expanse  of  the  alkali  lakes  in 
the  California  desert — and  the  number 
of  usable  lakes — make  the  area  a 
"natural." 

•  More  apples — For  land  recovery 
of  vehicles  from  "conventional"  orbits, 
Edwards  is  a  logical  expansion  of  PMR. 
But  the  Air  Force  is  looking  at  other 
sites.  The  Air  Force  Missile  Test  Cen- 

ter at  Holloman  AFB  is  a  possibility; 
Holloman  has  a  well-proven  tracking 
and  instrumentation  ability,  but  its 
scope  and  the  land  area  involved  are 
somewhat  smaller  than  Edwards. 

In  the  Dyna-Soar  program,  over 
two  dozen  drop  tests  will  be  made  at 
the  AFFTC  high  range.  But  Edwards 
is  still  vague  about  its  exact  role  in  the 
manned-glide,  re-entry  concept. 

The  Technical  Support  Directorate 
(TSD)  will  bear  the  brunt  of  the  opera- 

tion. They  are  responsible  for  the  air- 
launch  portion  of  the  development  pro- 

gram, and  some  early  data  reduction  is 
involved  here.  In  addition,  TSD  will 
probably  be  called  upon  to  determine 
the  parameters  that  should  be  measured 
during  full-scale  orbital  flight.  This, 
however,  is  not  entirely  their  domain. 

Even  in  its  early  testing  phases  on 
the  Dyna-Soar  launch,  Edwards  will 
have  a  great  deal  of  instrumentation 
work.  Most  of  the  data  will  be  recorded 
— both  on  the  Dyna-Soar  and  teleme- 

tered to  ground  stations. 
This  will  be  prime  data,  not  every 

detail  during  the  mission  profile.  It  is 
believed  that  this  will  hold  true  even 
for  the  orbital  shot.  During  the  devel- 

opment tests,  Edwards  will  do  most  of 
the  "quick  look"  data  processing,  leav- 

ing the  detailed  processing  to  other  AF 
centers  or  NASA. 

One  of  the  major  concerns  at  Ed- 
wards then  is  equipment  development — ■ 

range  receiving  equipment — to  handle 
the  bandwidth  of  expected  data.  TSD 
personnel  say  they  expect  about  750 
data  points  per  Dyna-Soar  mission! 

•  Real  time  rough — A  primary  area 
of  instrumentation  study  is  the  degree 

of  accuracy  required  for  Dyna-Soar  and 
other  manned  space  systems.  The  big- 

gest single  problem  within  this  specialty 
is  real  time.  Air  Force  and  industry  ex- 

perts point  to  this  as  the  single  most 
critical  problem  in  Dyna-Soar  and  many 
other  projects  of  this  type.  Concern  is 
widespread. 

As  far  as  telemetry  for  the  air 
launch  portion  is  concerned,  TSD  be- 

lieves this  can  be  handled  with  the  usual 
amount  of  time-sharing  on  the  channels. 
TSD  is  modifying  its  PCM  system  to 
the  Dyna-Soar  format. 

It  may  even  be  necessary  to  develop 
a  new  symbol  code  for  Dyna-Soar  in 
order  to  handle  the  amount  of  data.  In 
this  area,  Edwards  TSD  will  have  to 
modify  its  ground  stations.  This  can 
probably  be  done  in-house.  A  more  ad- 

vanced digital  printer  and  radar  plotting 
boards  will  be  needed.  TSD  would  like 
a  "workable  and  realistic"  3-D  radar — 
and  thinks  this  is  feasible. 

Unless  a  program  demands  a  spe- 
cific piece  of  equipment  unique  to  the 

particular  project — and  this  equipment 
is  funded  separately  from  the  AFFTC 
budget — TSD  limits  purchases  to  sys- 

tems that  tend  to  update  the  center  as 
a  whole. 

TSD  stresses  the  need  for  standardi- 
zation in  global  range  operations.  Dyna- 

Soar  will  probably  use  all  available  fa- 
culties, and  all  systems  must  meet  data 

processing  equipment  requirements.  All 
Dyna-Soar  and  range  instrumentation must  match. 

TSD  has  an  active  program  in  trans- 
ducers directly  applicable  to  space  sys- 

tems. Some  tests  of  the  equipment  have 
been  made  in  X-15  flights,  but  the  pro- 

gram is  still  going.  TSD  believes  much 
more  work  is  necessary  in  determining 
what  areas  have  to  be  transduced  for 
space  missions — especially  new  areas. 
How  this  is  to  be  done — and  to  what 
accuracy — are  also  factors  to  be  con- 
sidered. 

In  the  instrumentation  area,  TSD 
works  very  closely  with  the  Dyna-Soar 
Instrumentation    Development  Team. 
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Increased  technical  responsibilities  in  the  field 

of  range  measurements  have  required  the  cre- 

ation of  new  positions  at  the  Lincoln  Labora- 
tory. We  invite  inquiries  from  senior  members 

of  the  scientific  community  interested  in  par- 
ticipating with  us  in  solving  problems  of  the 

greatest  urgency  in  the  defense  of  the  nation. 

RADIO  PHYSICS 

and  ASTRONOMY 

RE-ENTRY  PHYSICS 

PENETRATION  AIDS 

DEVELOPMENT 

TARGET  IDENTIFICATION 

RESEARCH 

SYSTEMS: 
Space  Surveillance 
Strategic  Communications 
Integrated  Data  Networks 

NEW  RADAR  TECHNIQUES 

SYSTEM  ANALYSIS 

COMMUNICATIONS: 
Techniques  •  Psychology  •  Theory 

INFORMATION  PROCESSING 

SOLID  STATE 

Physics,  Chemistry,  and  Metallurgy 

•  A  more  complete  description  of  the  Laboratory's 
work  will  be  sent  to  you  upon  request. 

All  qualified  applicants  will  receive  consideration  for  employment  without 
regard  to  race,  creed,  color  or  national  origin. 

Research   and  Development 

LINCOLN    LABOR  AT  ORY 

Massachusetts  Institute  of  Technology 
BOX  26 
LEXINGTON    73.  MASSACHUSETTS 

This  group  reports  directly  to  the  Sys- 
tems Project  Office  at  ASD.  IDT  meets 

every  three  to  four  months,  and  consists 
of  representatives  from  NASA,  AF  Cen- 

ters, PMR,  and  Boeing.  Eventually  RCA 
and  Martin  will  be  added  to  the  list. 

In  the  overall  instrumentation  area, 
AFFTC  is  represented  on  the  Inter- 
range  Instrumentation  Group  (IRIG) — ■ 
a  group  which  aims  at  standardizing  as 
many  range  instrumentation  functions 
and  systems  as  possible  for  all  ranges. 

Edwards  is  also  represented  on  the 
Range  Commander's  Conference,  a  high- 
level  group  attempting  to  standardize 
range  operations.  This  group  also  tries 
to  determine  how  each  range  ties  in 
specifically  with  the  national  range  sys- 

tem for  each  project. 
Edwards,  then,  is  subservient  in 

Dyna-Soar  to  the  "lead"  or  launching 
range — in  this  case,  the  Atlantic  Missile 
Range.  AMR  is  charged  with  working 
out  the  master  plan  for  the  project  and 
coordinating  this  plan  with  other  ranges. 
Edwards  can,  however,  coordinate  plans 

on  a  specific  project  with  that  project's SPO.  Any  other  range  can  do  likewise; 
support  can  be  either  direct  or  indirect. 

Across  Rogers  Dry  Lake  from  Ed- 
wards lies  the  6953d  Test  Group  (De- 

velopment), a  unit  under  the  command 
of  SSD.  The  Group  concerns  itself  pri- 

marily with  chemical  and  nuclear  pro- 
pulsion— and  applied  research  levels  in 

both  (see  Propulsion,  page  64).  Un- 
solicited proposals  from  industry  to  this 

organization  are  handled  by  Lt.  Col. 
H.  W.  Robbins,  Chief  of  Plans  and 

Operations. Outside  of  its  in-house  work  for 
SSD,  the  Group  provides  engineering 
support  to  Aerospace  Systems  Division 
for  Dyna-Soar  and  other  projects.  About 
20%  of  its  effort  is  for  the  Ballistic 
Systems  Division. 

The  in-house  work  is  targeted  at 
getting  results  as  rapidly  as  possible. 
The  Group  explores  work  that  cannot 
be  done  by  industry  for  various  rea- 

sons. In  addition,  this  in-house  approach 
to  some  major  programs  enables  the 
Air  Force  to  determine  feasibility  and 
other  project  characteristics  faster  than 
a  contract  could  be  drawn  up  and  let — 
test  results  from  some  tests  can  be  avail- 

able for  evaluation  within  90  days. 
Efforts  are  made  to  keep  ahead  of 

weapons  systems  thinking  by  at  least 
three  years,  and  goals  of  the  Group  are 
laid  out  on  a  five-year  basis. 

The  Group  has  about  200  contracts 
with  over  65  major  firms  and  other 
work  with  lower  tier  contractors.  The 
unit  is  also  investigating  military  appli- 

cations of  nuclear  propulsion.  They  have 
explored  the  field  as  to  reasonable  size, 
performance,  cost  and  time  considera- tions. In  addition,  some  work  is  in 
progress  on  non-nuclear  components 
for  such  vehicles.  8 
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HOW  TO  MAKE  AN  ADVANCED  WEAPONS  SYSTEM 

Take  one  part  painstaking  research,  one  part  ingenious  design,  one  part  vital  experience  and  one  part  precision-made  hardware. 
Mix  well  according  to  the  problem.  Must  the  system  fuze  a  nuclear  warhead?  Guide  a  missile?  Detect  enemy  submarines? 
Whatever  the  assignment,  Ford  Instrument  Company  has  the  right  combination  of  engineering  research  and  design  talents  to 
develop  the  system.  Past  achievements  of  nearly  50  years  range  from  the  first  naval  gunfire  control  computers  to  guidance 

and  control  components  in  the  free  world's  first  man-into-space  vehicle.  Most  assuredly,  the  achievements  of  tomorrow  are 
being  engineered  today  at  Ford  Instrument  Company.  KH^mg=gW*%    I  =f  sg^si^f  isggsfy  ^i^S- 

DIVISION    OF  SPERRY   RAND  CORPORATION 
JJ      31-10  Thomson  Avenue,  Long  Island  City  1,  New  York 

A     CREATIVE      TEAM       OF      SCIENTIFIC,      ENGINEERING      AND       PRODUCTION  TALENT 



MILITARY  SPACE  CENTERS 
AIR  FORCE 

OAR  Upgraded,  Up-funded  for  Research 

Organization's  relatively  small  support  of  industry 
has  led  many  firms  into  R&D  field;  original  proposals  encouraged 

FORMATION  OF  the  Office  of 
Aerospace  Research  (OAR)  almost  a 
year  ago  as  a  separate  command  re- 

sponsible directly  to  Headquarters, 
USAF,  marked  formal  recognition  of 
the  increased  rank  of  research  in  the 
Air  Force  structure — with  a  correspond- 

ing increase  in  research  money. 
For  the  next  fiscal  year,  OAR  ex- 

pects that  its  current  fiscal  year  budget 
of  $50.0  million  for  contracted  basic  re- 

search will  be  increased  about  10%  and 
its  applied  research  budget  of  $12.1 
million  raised  by  a  similar  percentage. 

(OAR  is  responsible  for  planning, 

programing  and  managing  USAF's  basic research  program  and  that  portion  of 
the  applied  research  program  assigned 
to  it.) 

The  additional  money  will  be  used 
to  cut  into  a  growing  backlog  of  urgent 
research  studies  awaiting  contracts  and 
to  absorb  the  increased  cost  of  doing 
research. 

•  OAR  basic  research  —  Only  a 
minor  fraction  of  OAR's  basic-research 
money  goes  to  industry,  most  of  it  going 
to  universities.  Nevertheless,  OAR's 
backing — though  relatively  small — has 
given  many  industrial  concerns  the  im- 

petus they  needed  to  participate  in  basic 
research,  subsequently  leading  to  re- 

search and  development  projects. 
About  80%  of  OAR's  basic-research 

work  is  said  to  be  space-oriented  al- 
though it  is  admitted  that  the  nature  of 

basic  research  leaves  its  orientation  open 
to  many  interpretations. 

OAR  supports  research  that  holds 
promise  of  contributing  to  the  success 
of  the  USAF  mission.  In  turn  the  mis- 

sion gives  rise  to  a  USAF  long-range 
plan,  which  perhaps  might  call  for  a 
manned  spacecraft  to  be  developed 
within  the  next  ten  years. 

Such  a  vehicle  would  pose  require- 
ments in  broad  basic-research  areas 

such  as  propulsion,  materials,  elec- 
tronics, geophysics,  life  sciences  and 

aero-mechanics;  and  perhaps  in  applied 

DR.  MILLSAPS  MAJ.  GEN.  HOOKS 
OAR  Chief  OAR  Commander 
Scientist 

research  areas  such  as  aerospace  en- 
vironment, weapon  effects  and  nuclear 

applications.  These  are  all  areas  of  OAR 
interest. 

Taken  out  of  the  context  of  an  Air 
Force  project,  the  chief  work  of  OAR 
is  in  scientific  disciplines  such  as  mathe- 

matics, physics,  chemistry,  psychology, 
biology,  astronomy  and  meteorology. 

OAR  is  divided  into  four  organiza- 
tions, each  conducting  or  sponsoring 

research  and  serving  as  an  interface  be- 
tween USAF  and  the  scientific  com- 

munity: Air  Force  Office  of  Scientific 
Research  (AFOSR),  Air  Force  Cam- 

bridge Research  Laboratories  (AFCRL), 
Aeronautical  Research  Laboratory 
(ARL),  and  the  European  Office  of 
OAR  (EOAR). 

•  Mission  of  AFOSR— AFOSR  is 
the  only  USAF  agency  that  has  the 
primary  mission  of  encouraging  basic 
research  solely  by  contract.  It  does  this 
through  grants  and  contracts  awarded 
on  the  basis  of  unsolicited  research  pro- 

posals, which  are  sought  by  scientists  in 
universities,  nonprofit  institutions  and industry. 

AFOSR's  current  budget  is  $30.6 
million,  which  is  spent  on  more  than 
1200  grants  and  contracts.  These  are 
held  by  investigators  working  in  most 
of  the  free  and  scientifically  advanced 
countries  in  the  world.  About  80%  of 

OSR's  money  goes  to  universities  and the  rest  to  industry. 
Since  universities  are  able  to  per- 

form research  cheaper  than  industry — 
for  tax  and  endowment  reasons  among 
others — and  because  AFOSR  has  funds 
limited  for  the  job  it  has  to  do,  there  is 

no  chance  that  industry's  share  of  the 
AFOSR  budget  will  increase  percep- 

tively in  the  near  future.  However,  in- 
dustry has  made  some  headway:  when 

AFOSR  was  formed,  industry  received 
almost  none  of  the  organization's  money. 

•  The  grant  program  —  AFOSR'S grant  program  was  started  in  fiscal  year 
1961  and  is  intended  to  cut  out  much  of 

the  red  tape  surrounding  normal  con- 
tracting procedures.  Available  only  to 

scientists  working  for  nonprofit  organi- 
zations, AFOSR  grants  are  made  for 

periods  up  to  five  years.  Usually  the 
grantee  is  required  to  furnish  only  a 
final  technical  report  to  AFOSR,  which 
may  be  a  reprint  of  his  research  as  it 
appeared  in  a  scholarly  journal. 

AFOSR  is  encouraging  all  nonprofits 
to  accept  grants,  which  are  absorbing 
about  half  of  AFOSR's  budget.  AFOSR 
affirms  that  its  primary  concern  is  that 
"granted  funds  be  used  in  a  manner 
which  will  make  a  maximum  contribu- 

tion to  the  progress  of  science — and  it 
is  expected  that  grantees  and  investiga- 

tors will  also  direct  their  efforts  to  this 

end." 

•  Industry  and  AFOSR  — An 
AFOSR  spokesman  pointed  out  that  the 
prevailing  way  for  industry  to  do  busi- 

ness with  AFOSR — not  OAR  as  a 
whole — is  on  a  cost-sharing  basis.  He 
emphasized  several  times  that  this  means 
is  "always  voluntary"  but  in  many  in- 

stances necessary  in  order  to  put  indus- 
try in  a  more  competitive  position. 
As  a  sidelight,  the  spokesman  ob- 

served that  there  have  been  recent  in- 
stances of  several  universities  beginning 

to  price  themselves  out  of  the  market. 
"This  was  virtually  unheard  of  three 
years  ago"  he  said,  "but  now  I  see  the 
camel's  nose  poking  into  our  tent." 

Although  AFOSR  much  prefers  put- 
ting its  money  into  studies  instead  of 
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brick  and  mortar,  it  will  on  occasion 
sponsor  a  unique  research  plant:  the 
National  Magnetic  Laboratory  at  the 
Massachusetts  Institute  of  Technology 
where  a  -million-gauss  magnet  facility 
is  being  established  for  research  on  the 
properties  of  solids  in  very  intense  ex- 

ternal magnetic  fields. 
•  Mission  of  AFCRL  —  The  Air 

Force  Cambridge  Research  Laboratories 
(AFCRL)  comprise  USAF's  leading 
center  for  basic  and  applied  research  in 
electronics  and  geophysics.  For  this 
work,  AFCRL  has  been  spending  about 
$50  million  each  year  to  pay  for  ap- 

proximately 700  contracts  held  by  com- 
panies and  universities. 

Only  part  of  AFCRL's  money  comes 
from  OAR:  about  $9.3  million  ear- 

marked for  basic  research  during  fiscal 
year  1962,  and  $12.1  million  for  applied 
research.  The  rest  of  the  money  origi- 

nates from  other  sources  within  the  Air 
Force  and  Department  of  Defense.  The 
funds  are  usually  used  for  direct  sup- 

port of  research  carried  out  by  AFCRL 
scientists  or  for  sponsoring  research  that 
can  be  processed  through  AFCRL 
facilities. 

AFCRL's  stated  mission  "is  to  an- 
ticipate what  techniques  and  equipment 

will  be  needed  by  the  Air  Force  five  to 
twenty  years  in  the  future." 

Although  applied  research  is  nec- 
essarily closer  to  an  ultimate  mission 

than  basic  research,  still  there  is  no  easy 
way  to  pick  out  how  much  applied  re- 

search will  be  useful  for  a  space  mission. 
Good  applied  research  tries  to  de- 

velop a  technology  rather  than  a  piece 
of  hardware.  For  this  reason,  AFCRL 
is  concerned  with  solving  general  tech- 

nical problems  and  correspondingly  di- 
vides its  efforts: 

—Electronic  materials.  Much  of  the 
electronic  materials  work  at  AFCRL 
falls  under  the  familiar  heading  of  solid- 
state  physics:  synthesis  and  purification 
of  materials,  growth  and  analysis  of 
single  crystals,  fabrication  of  experi- 

mental solid-state  devices,  study  of  the 
physical  chemistry  of  materials  and  the 
effects  of  radiation  damage. 

—  Upper  atmosphere  and  space. 
AFCRL  is  looking  into  the  character- 

istics of  the  upper  atmosphere  to  learn 
its  composition,  density,  electrical  struc- 

ture and  temperature  as  a  function  of 
altitude  and  seasonal  variations.  More- 

over, the  work  includes  micrometeorite 
measurements  together  with  studies  of 
the  effects  of  the  particles  on  communi- 

cations and  space  vehicles. 
Direct  probings  of  the  atmosphere 

are  the  chief  means  that  AFCRL  uses 
to  get  its  data.  Each  year  more  than  40 
research  rockets  and  satellites  carry 
AFCRL  instruments  into  the  upper  at- 

mosphere and  space.  (A  $12-million 
OAR  program  monitored  at  Headquar- 
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ters,  OAR,  furnishes  probe  vehicles  for 
USAFuse.) 

—Solar-terrestrial  relationships. 
AFCRL  says  that  "our  first  problem  is 
to  determine  what  types  of  solar  activity 
produce  geophysical  responses.  What 
makes  one  flare  knock  out  radio  com- 

munications over  a  whole  hemisphere 
while  another  has  little  or  no  influence?" 
Basic  studies  of  the  sun  and  its  radi- 

ations are  carried  out  at  the  Sacramento 
Peak  Observatory  in  New  Mexico  where 

AFCRL  operates  one  of  the  world's leading  laboratories  for  observing  solar 
phenomena. 

EUROPEAN OFFICE BRUSSELS, 
BELGIUM 

COL.  F.  P.  NAY  I COMMANDER 

— Plasma  physics.  "We  are  partic- 
ularly interested  in  the  plasma  sheath 

which  envelops  the  nose  cone  of  a  mis- 
sile (or  a  spacecraft)  during  re-entry." For  communications  purposes,  AFCRL 

wants  to  learn  the  best  radio  frequencies 
and  power  to  be  used  to  penetrate  the 
sheath.  The  agency  is  also  concerned 
with  using  plasmas  for  space-vehicle 
propulsion  and  for  certain  electronic 
components. 

—EM  wave  phenomena.  AFCRL 
scientists  are  backing  studies  in  antenna 
design,  which  call  for  a  knowledge  of 

(Continued  on  page  141) 

missiles  and  rockets,  March  26,  1962 123 



MILITARY  SPACE  CENTERS 
NAVY 

BuWeps  Spends  Most  Navy  Dollars 

Bulk  of  space  funding — due 

to  top  $50  million  in  FY  '63 — 

goes  to  industry;  goal  'better 

job  on  earth' 

THE  MAJOR  SHARE  of  Navy's 
money  for  space,  expected  to  signifi- 

cantly exceed  $50  million  in  the  next 
fiscal  year,  goes  to  the  Bureau  of  Naval 
Weapons. 

BuWeps  is  responsible  for  the  pay- 
load  integration  and  launch-vehicle 
engineering  for  all  Navy  astronautics 
programs. 

To  carry  out  its  mission,  BuWeps 

contracts  with  its  own  laboratories,  with 
the  other  services,  and  with  industry  for 
appropriate  research  and  development 
work.  For  its  launch  vehicles,  BuWeps 
goes  to  NASA  to  buy  Scouts  and  to  the 
Air  Force  for  Thor  Ablestars. 

All  BuWeps  RDT&E  for  space 
is  done  in  its  Astronautics  Division, 
headed  by  Captain  R.  F.  Freitag.  This 
is  an  operating  office  responsible  for 
the  management  and  technical  direction 
of  most  of  the  Navy's  space  activities. 
This  is  also  industry's  touchstone  for contract  information,  particularly  for 
the  larger  concerns.  Smaller  concerns 
are  advised  to  make  direct  contact  with 

the  Navy's  operating  laboratories. 
Reporting  to  the  Assistant  Chief  for 

Program  Management,  the  office  of  the 
Director  of  Astronautics  Programs, 
headed  by  Captain  H.  D.  Helfrich,  Jr., 
is  responsible  for  the  budget,  planning, 

deployment  and  coordination  of  Bu- 
Weps space  activities.  In  general,  how- 

ever, this  is  not  the  office  for  industry 
to  contact  for  R&D  contracts. 

•  Money  for  industry — Far  more 
than  half  the  BuWeps  budget  for  R&D 
in  astronautics  went  into  outside  con- 

tracts in  Fiscal  Year  1962,  according 
to  Capt.  Freitag.  The  remainder  went 
into  in-house  work,  most  of  it  to  Naval 
laboratories  which,  in  turn,  spent  part 
of  the  money  with  industry. 

In  carrying  out  its  astronautics  pro- 
grams,   BuWeps   works   chiefly  with 

NAVAL  RESEARCH  LABORATORY 
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seven  facilities:  Naval  Ordnance  Test 
Station,  China  Lake,  Calif.;  Naval  Re- 

search Laboratory,  Washington,  D.C.; 
Naval  Ordnance  Laboratory,  White 
Oak,  Md.;Navy  Electronics  Laboratory, 
San  Diego;  Naval  Weapons  Laboratory, 
Dahlgren,  Va.;  Navy  Missile  Center,  Pt. 
Mugu,  Calif.;  and  the  Applied  Physics 
Laboratory  of  the  Johns  Hopkins  Uni- 
versity. 

"Our  philosophy  in  Navy  astro- 
nautics is  to  keep  things  real  simple, 

make  them  low-cost,  and  get  the  sys- 
tems into  operation  as  soon  as  possible," 

says  Freitag.  He  added  that  "the  Navy's 
main  objective  is  to  do  a  better  job  on 
earth  from  space — such  as  devising  bet- 

ter communications  and  navigation  sys- 
tems— and  deferring  work  on  opera- 

tions in  space  until  a  later  date." 
BuWeps'  major  astronautics  project 

is  Transit,  the  navigational  satellite  sys- 
tem scheduled  to  be  placed  in  orbit  late 

this  year.  The  Bureau  is  also  deeply 
involved  in  data-processing  for  the 
meteorological  satellite  program  Tiros, 
and  is  buying  the  read-out  equipment 
to  be  placed  aboard  ships. 

The  ability  to  forecast  local  weather 
conditions  is  so  vital  to  the  fleet  that 

BuWeps  is  supporting  Project  Hugo,  a 
program  in  which  ships  at  sea  will  have 
their  own  supply  of  vertical  probes. 
These  probes  are  expected  to  serve  the 
same  meteorological  purpose  as  Tiros 
and  will  be  particularly  useful  when  the 
weather  satellites  are  not  in  view. 

Other  BuWeps  astronautics  projects 
include  Spasur,  the  Navy-operated  elec- 

tronic fence  for  discovering  orbiting 
satellites;  Anna,  a  classified  geodetic 
satellite  project  in  which  the  Applied 
Physics  Laboratory  holds  the  prime 
contract;  the  Composite  satellite,  five 
payloads  integrated  into  a  single  payload 
by  NRL,  and  launched  by  a  Thor  Able- 
star. 

BuWeps  is  also  heavily  involved  in 
astronaut  recovery  operations — 15,000 
Navy  personnel  were  assisting  in  the 
Glenn  flight;  in  aeromedical  research 
through  a  centrifuge  at  the  Naval  Air 
Development  Center,  Johnsville,  Pa.; 
and  through  a  Disorientation  Facility  at 
the  Naval  Air  Station,  Pensacola,  Fla. 

•  Research  in  astronautics  —  The 
Office  of  Naval  Research  (ONR)  sup- 

ports a  broad  band  of  basic  and  applied 
research  having  space  ramifications, 
most  of  the  basic  work  being  carried  out 

under  contract  with  universities,  and 
practically  all  the  applied  research  in- house  at  NRL. 

Supporting  ONR's  contract  research 
program  is  a  $73-million  budget  for 
Fiscal  1962,  a  slight  increase  over  the 
previous  year's  figure  of  $71  million. It  is  extremely  difficult,  however,  to  tell 
exactly  how  much  of  this  money  will 
have  eventual  space  applications — it  is 
hard  to  forecast  the  end-product  of  re- 

search, particularly  basic  research. 
Much  of  ONR's  research  money  is 

broken  down  into  relatively  small  basic 
research  contracts,  90%  of  them  with 
non-profit  organizations. 

Typical  of  ONR-supported  basic  re- 
search in  astronautics  is  an  investigation 

of  the  radiations  in  space  by  Dr.  James 
Van  Allen  of  the  State  University  of 
Iowa.  ONR  has  been  supporting  Van 
Allen  in  this  work  since  1952. 

Included  in  this  program  is  the 
Injun  satellite,  designed  to  help  make 
detailed  measurements  of  the  radiation 
belts  and  to  learn  how  they  affect  the 
creation  of  aurorae,  especially  the 
Northern  Lights. 

Injun  I  has  been  in  orbit  for  nearly 
(Continued  on  page  140) 
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OUT  FRONT 

The  P-200  platform.  Heart  of  the  LN-3  Inertial  Navigation  System.  Providing  pin-point  guidance  to  hundreds  of 
friendly  fighter  pilots  from  Free-World  nations.  Self-contained.  Non-jammable.  Precision-crafted  for  extreme  ac- 

curacy and  reliability— development  of  Litton's  Guidance  and  Control  Systems  Division  for  the  Lockheed  F-104 
Starfighter.  At  the  vanguard  of  the  defense  effort— advancing  the  defense  posture  of  the  Free  World. 
Engineers  who  can  implement  Newtonian  principles  of  inertia  as  ingeniously  as  has  been  done  in  the  P-200  platform 
will  find  ability-matching  opportunities  at  Litton.  An  Equal  Opportunity  Employer.  Send  resume  to  Department  01. 

Technologies:  Advanced  Guidance  and  Control     •      Communication  and  Data  Recording      •      Command  and  Control     •     Computers    •      Electronic  Countermeasures     •      Space  Science 

BEVERLY  HILLS,  CALIFORNIA 
A  DIVISION  OF  LITTON  INDUSTRIES 



ENGINEERS  GAIN  A  NEW  PERSPECTIVE  AT  AC 

AC,  the  Electronics  Division  of  General  Motors,  has  made  a  distinct  contribution  to  technological 
advancement  in  the  field  of  low-altitude  aircraft  operation.  You,  too,  can  develop  and  improve 
your  career  in  the  areas  of  guidance  and  navigation  if  you  are  an  Electrical  Engineer, 
Mechanical  Engineer,  Physicist  or  Mathematician.  Current  projects  include:  Integration  and 
Engineering  of  the  AN/ASQ-48  Weapon  System  for  the  B-52C&D  aircraft,  Inertial  Guidance 
Systems  for  the  Titan  II,  and  the  development  of  a  Stellar  Inertial  Guidance  System  for 
advanced  missiles.  If  you  have  related  experience  and  are  interested  in  any  of 
the  following  positions,  please  contact  Mr.  G.  S.  Raasch,  Director  of  Scientific  and  Professional 
Employment,  Dept.  5753,  7929  South  Howell,  Milwaukee  1,  Wisconsin. 

MILWAUKEE   Weapon  Systems  Program  Engineers  ■  Radar  Design  and  Development  Engineers  ■  Radar  Systems  Engineers  •  Radar 
Test  Engineers  ■  Reliability  Program  Engineers  ■  Field  Service  Engineers  ■  Electromagnetic  Engineers  ■  Supplier  Contact 
Engineers  ■  Quality  Control  Engineers/Analysts  ■  Technical  Writers  and  Editors  ■  Scientific  Programmers  ■  Ceramic  Engineers 

LOS  ANGELES  (Advanced  Inertial  Guidance  Systems  and  Airborne  Digital  Computers)— Digital  Computer  Development 
RESEARCH  AND  f£ngjneers  .  Research  and  Development  Engineers  ■  Transistor  Circuit  Design  Engineers  ■  Systems  Engineers DEVELOPMENT      _  ,, 
LABORATORY  "  Programmers-Mathematicians 

BOSTON  RESEARCH  &  (Advanced  Inertial  Guidance  Systems  and  Components)— Systems  Engineers  and  Mathematicians 
DEVELOPMENT  a  Electronic  Circuit  Engineers  ■  Mechanical  Design  Engineers  ■  Instrument  Engineers  ■ LABORATORY Electromagnetic  Engineers  ■  Radar  Systems  Engineers 

AC  SPARK  PLUG   <Jg>  THE  ELECTRONICS 
DIVISION  OF  GENERAL  MOTORS     An  Equal  Opportunity  Employer 
AChiever  Inertial  Guidance  for  the  TITAN  II,  MACE  and  THOR  .  .  .  Bombing  Navigation  Systems  In- 

tegrator for  the  B-52CSO  . . .  POLARIS  Gyros  and  Accelerometers  .  .  .  ALRI 
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PAAR  Expects  to  Top 

Cape  in  Major  Launches 

Range  will  need  'more  of  everything'  from  industry  to 

meet  soaring  work  load;  FY  '63  funding  goal  $114  million 

PLANNING  FOR  the  Pacific  Mis- 
sile Range  is  based  on  the  expectation 

that  within  one  or  two  years  the  number 
of  major  vehicle  launchings  from  the 
West  Coast  will  exceed  that  of  Cape 
Canaveral. 

But  this  is  only  part  of  what  the 
PMR  commander,  Rear  Adm.  John  E. 
Clark,  has  in  mind  when  he  says  that 

the  range's  work  load  is  "increasing 
astronomically"  as  the  national  space 
effort  gains  momentum. 

PMR's  work  also  is  increasing  with 
the  growing  number  of  satellite  launches 
from  the  Atlantic  Missile  Range  which 
utilize  PMR  tracking,  data  collection 
and  data  reduction  facilities.  Mercury 
orbital  flights  are  a  recent  example. 

Stan  Radom,  PMR  deputy  director 
of  range  support,  explains  why  major 
West  Coast  launchings  are  expected  to 
exceed  those  from  AMR  within  the  next 
two  years: 

—NASA  will  begin  space  launches 
from  PMR  this  year,  with  Thor-Agena, 
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ENIWETOK  FACILITY 
CMDR  J   D  MARCH 

KWAJALEIN  FACILITY 
CAPT.  P  A  HOLMBERG 

NAVAL MISSILE  FACILITY, POINT ARGUELLO 
CAPT J.  C.  DOHERTY 

OIR  RANGE  SUPPORT 
CAPT.  J  GARRETT 

OIR  LABS 
E.  Q  SMITH 

MISSILE PROG  DEPT 
CMDR 
J   P  KEIGHER  III 

ADV 
PROG  DEPT 
CMDR W.  R  WAKELAND 

AIRCRAFT             B  LAB  DEPT 
MAINT  DEPT        Sf§  R,  H.  PETERSON CMDR.  S.  RANK  |H 

AERO  SPACE 
DEPT 
CMDR R.  A.  GAGE 

ASTRONAUTICS 
DEPT 
DR. A.  B.  DEMBER 

TARGET  DEPT       §88  SYSTEMS  DEPT CMDR.               Si  N  F.  ROHN 
R  R  LANG 

SPACE  t  ASTRO ORIENT  COURSE 
CMDR. J.  J.  GALLAGHER 

PHOTOG  DEPT        8  LIFE 
CMDR.                    *j  SCIENCES  DEPT 
W.  R.  FRASER    B  CAPT.  V.  W.  LYON 
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Atlas-Agena  and  Scout  firings  sched- 
uled. Modification  of  a  pad  at  Vanden- 

berg  AFB  for  NASA  use  is  due  to  be 
completed  this  month.  First  of  NASA's 
polar-orbiting  satellites  will  be  Echo  II. 

—Personnel  from  each  Air  Force 
operational  missile  site  in  the  country 
will  be  firing  a  missile  from  Vandenberg 
in  each  quarter  of  the  year. 

—A  third  factor  that  already  has 
added  to  the  number  of  PMR  launches 
is  the  Nike-Zeus  program,  which  in- 

cludes firings  of  both  the  A-ICBM  and 
Atlas  missiles. 

In  addition  to  this  increasing  activ- 
ity, PMR  planners  see  the  need  for 

building  a  new  global  network  for  track- 
ing military  space  vehicles.  Many  Mer- 
cury tracking  sites,  for  example,  cannot 

be  used  because  they  are  located  in  for- 
eign territory  under  agreement  that  they 

can  be  used  for  civilian  space  programs 
only. 

"A  military  man  cannot  even  visit 
the  Mercury  site  in  Mexico,"  one  spokes- 

man said.  He  added  that  this  problem 
had  caused  "considerable  delay  in  get- 

ting Advent  started."  A  government-to- 
government  agreement  must  be  made 
with  Australia  for  use  of  two  sites  in 
Australian  trust  territory  in  the  Advent 
program. 

The  Navy,  because  of  its  relativly 
small  role  in  the  missile/ space  program, 
will  not  add  greatly  to  the  number  of 
major  PMR  launches  in  the  near  future, 
although  it  is  progressing  with  work  on 
Project  Hydra,  the  sea-launch  program 
in  which  more  than  60  launches  have 
been  conducted.  Officers  in  charge  of 
the  Hydra  program  at  the  Naval  Missile 
Center,  near  PMR  headquarters  at 
Point  Mugu,  Calif.,  have  been  trying 
to  interest  NASA  in  the  sea-launch  con- 

cept. If  they  succeed,  this  would  add  to 
PMR  launches. 

•  Swelling  requirements — What  all 
this  means  to  industry  is  that  PMR  will 
be  needing  "more  of  everything" — 
launch  facilities,  land  and  shipboard 
instrumentation  for  tracking,  communi- 

cations, data  reduction,  frequency  inter- 
ference control,  and  equipment  and 

materials  for  photographic  services,  re- 
covery services,  ground  and  flight  safety, 

weather  services,  maintenance  and  re- 
pair of  facilities,  and  research,  develop- 

ment, test  and  evaluation. 
PMR  has  always  stressed  mobility 

of  its  equipment.  "We  differ  from  other 
ranges  in  this  respect,"  a  spokesman 
said.  "We've  always  been  heavy  on  sea- 

going equipment."  The  range  currently 
has  seven  range  ships,  and  plans  to 
add  another  by  the  end  of  1963.  For 
its  role  in  the  Dyna-Soar  program,  PMR 
believes  it  will  have  to  outfit  four  or 
five  ships,  a  program  which  could  run 
as  high  as  $50  million. 

"One  thing  we  need  from  industry 
is  more  company  R&D,  more  ad- 
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vanced  thinking,  inventions,"  the  range 
planners  told  M/R.  "Industry  can  be 
assured  that  with  the  programs  in  view 
and  the  way  things  are  going,  if  it 
comes  up  with  something  good  it  has 

got  something  it  can  sell." Radom  listed  these  PMR  needs: 
—  "PMR  will  have  continuing  con- 

tractor assistance  in  studying  problems 
associated  with  launching  missiles  using 
toxic  fuels.  We  need  to  know  the  degree 
of  hazard  associated  with  launching  of 
missiles  which  use  nuclear  power  sup- 

plies in  the  payloads,  and  missiles  and 
space  boosters  using  nuclear  engines. 
—  "We  are  greatly  interested  in 

studies  to  determine  optimum  design 
for  multipurpose  and  multiple-vehicle 
launch  pads,  because  as  the  amount  of 
real  estate  suitable  for  polar  launchings 
decreases,  we  have  to  utilize  remaining 
real  estate  as  efficiently  as  possible. 

—  "We  have  a  greatly  increased 
launch  rate.  There  has  become  an  acute 
condition  in  supporting  major  vehicle 

R.  ADM.  J.  E.  CLARK — PMR 's  work 
load  is  "increasing  astronomically." 

launches  because  there  are  seven  sys- 
tems tests  supported  by  the  PMR  and 

an  average  of  three  countdowns  prior 
to  each  major  vehicle  launching.  This 
creates  a  problem  in  management  of 
radio  frequencies  and  in  scheduling  and 
use  of  range  safety  instrumentation. 
PMR  is  endeavoring  to  equip  the  Point 
Arguello  area  with  sufficient  equipment. 
Scheduling  procedures  will  be  estab- 

lished to  enable  a  multiple  countdown 
capability  through  efficient  utilization 
of  both  Point  Arguello  and  Vandenberg 
support  facilities.  We  are  shooting  for 
capability  to  launch  dissimilar  vehicles 
from  different  launch  complexes  within 
30  minutes  of  each  other." 

•  Telemetry,  other  problems — Ken- 
neth I.  Lichti,  head  of  the  Range  Anal- 
ysis and  Planning  division,  gave  this 

rundown  on  PMR  needs: 
"R&D  support  is  seen  as  necessary 

to  solve  many  specific  problems  facing 
the  PMR,  including:  (1)  provision  of 
new  telemetry  frequencies,  (2)  acquisi- 

tion and  tracking  of  short  wavelength 
signals,  (3)  calibration  of  highly  pre- 

cise tracking  instrumentation  and  veri- 
fication of  satisfactory  performance,  (4) 

provision  of  adequate  range  safety,  (5) 
development  of  an  underwater  range, 
and  (6)  measurement  of  new  environ- 

mental parameters." Lichti  discussed  telemetry  and  the 
"major  problems  foreseen  as  a  result 
of  the  necessity  to  provide  hardware, 
systems  and  techniques  for  operation  in 
portions  of  the  RF  spectrum  not  now 

used  for  telemetry." Noting  that  at  present  the  greatest 
telemetry  activity  is  in  the  VHF  band, 
forty-four  500  kc  assignments  distrib- 

uted from  225  to  260  mc,  Lichti  said 
it  is  expected  that  these  frequencies 
must  be  abandoned  for  telemetry  pur- 

poses by  1970. 
"Plans  have  been  to  convert  opera- 

tion primarily  to  "S"-Band — 2200  to 2300  mc.  For  a  number  of  reasons, 
however,  this  conversion  will  not  occur 
as  previously  planned;  radical  changes 
in  the  telemetry  frequency  assignment 
pattern  can  be  expected. 

"The  2200-to-2300-mc  telemetry 
band  still  exists  and  will  continue  to 
exist.  This  band,  however,  has  an  ex- 

tremely broad  use  allocation  and  is  not 
protected  for  missile  testing  and  space 
vehicle  telemetry  usage.  Furthermore, 
the  required  abandonment  of  the  VHF 
region  coupled  with  an  expected  in- 

crease in  telemetry  utilization  indicates 
that  insufficient  room  at  "S"-Band  would 
soon  exist.  As  a  result,  action  was 
taken  ...  to  obtain  another  100  mc 
allocation  between  1435  and  1535  mc. 
This  allocation  provided  50  mc  pri- 

marily for  aircraft  flight  testing  and  50 
mc,  from  1485  to  1535  mc,  for  missile 

and  space  vehicle  telemetry." Lichti  said  that  because  of  the  de- 
veloping frequency  utilization  patterns, 

the  ranges  are  beginning  to  bring  pres- 
sure for  development  and  utilization  of 

the  1485-1535-mc  area  for  telemetry. 
To  accommodate  developments  already 
begun  and  the  possibility  for  limited 
utilization  of  "S"-Band,  it  is  expected 
that  hardware  procurements  previously 
planned  for  "S"-Band  will  now  require 
operation  at  both  "S"-Band  and  in  the 
1500-mc  region,  with  a  minimum  of 
operational  change  required  at  ground 
receiving  stations  to  shift  between  the 
two. 

Lichti  said  it  is  conceivable  that 
current  trends  in  utilization  will  result 
in  saturation  of  the  1500-mc  area  long 
before  abandonment  of  the  VHF  area 

is  forced  in  1970.  "The  long-range 
problem  foreseen,  then,  is  the  develop- 
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ment  of  a  telemetry  state-of-the-art  in 
another  portion  of  the  spectrum,  a  por- 

tion not  yet  identified  but  most  probably 
considerably  higher  in  frequency  than 
'S'-Band." 

•  More  money  sought — Adm.  Clark 
points  out  that  while  the  PMR  work 
load  curve  is  "going  straight  up,  the 
budget  is  not  going  up  proportionately." John  F.  Malbon,  PMR  deputy 
comptroller,  said  planners  currently  are 
shooting  for  $114  million  in  Navy 
funds  for  the  range  in  Fiscal  1963, 
compared  with  about  $110  million  this 
year. 

Of  the  $114-million  budget,  some 
$110  million  will  come  directly  from 
BuWeps  and  is  earmarked  for  RDT&E. 

In  addition  to  the  Navy  budget, 
PMR  can  count  on  another  $3-5  million 
from  other  agencies  to  support  their 
requirements  on  the  range.  These  in- 

clude NASA,  Army,  Air  Force,  AEC, 
the  U.S.  Weather  Bureau  and  others. 

Malbon  estimated  this  partial  break- 
down for  1963  spending:  $24  million 

for  civil  service  labor  and  overhead;  $6 
million  for  consumable  materials,  mainly 
materials  drawn  from  the  naval  supply 
system;  $27-28  million  for  equipment 
procurement.  Most  of  the  latter  will  be 
spent  with  commercial  suppliers  for 
everything  from  commonplace  shop 
equipment  to  radars  and  computing 
machines.  Comparable  figures  in  the 
current  fiscal  year  are  $23  million,  $5.1 
million,  and  $17  million — meaning  a 
big  increase  in  equipment  procurement 
next  year. 

Contractual  operations  are  expected 
to  run  to  $57  million  in  1963,  com- 

pared with  a  current  figure  of  $44 
million. 

The  Naval  Missile  Center  at  Point 
Mugu  has  its  own  budget,  which  stands 
at  $20  million  for  Fiscal  1962.  Of  this 
money,  missiles  and  related  aircraft  sys- 

tems claim  the  biggest  chunk — $14,- 
750,000 — with  $2  million  going  to  tar- 

get test  and  operation,  $2  million  to 
associated  support,  $1  million  to  astro- 

nautics and  advanced  programs,  and 
$250,000  for  foundational  research. 

•  Industry's  openings  —  The  Navy 
itself  has  few  military  space  systems. 
As  Dr.  Alexis  B.  Dember,  head  of  the 
Astronautics  department  at  NMC  says, 
"the  last  two  years  have  been  a  very 
rough  time  for  astronautics." The  main  business  Dember  sees  for 
industry  is  in  two  areas: 

—Development  of  sea-launched  mis- 
siles. "We  haven't  gotten  deep  into  the 

hardware  stage  yet,  but  when  we  do, 
we'll  need  more  industry  help." 

—  "As  we  get  into  system  develop- 
ment, we  will  need  industry  help  in 

payloads,  payload  orientation  control 
and  related  ground  instrumentation." 

(Continued  on  page  142) 

MILITARY  SPACE  CENTERS 
NAVY 

THE  NAVAL  ORDNANCE  Test 
Station  at  China  Lake,  Calif.,  is  pri- 

marily just  what  its  name  implies. 
But  military  planning  for  space  has 

had  a  considerable  impact  on  NOTS — 
although  its  primary  mission  remains 
the  development  of  new  and  better 
Navy  weapons  and  the  conduct  of  re- 

search related  to  weapons. 
With  over  4000  civilian  employees 

and  approximately  1300  military  per- 
sonnel, NOTS  is  the  Navy's  largest  ord- nance research,  development,  testing 

and  production  engineering  center — all 
in  one  organization. 

One  NOTS  development  with  a  pay- 
off in  space  programs  is  the  Sidewinder 

infrared-guided  air-to-air  missile. 
Sidewinder  infrared  experience  at 

NOTS  has  contributed  directly  to  the 
development  of  scanning  devices  capable 
of  producing  and  transmitting  images 
of  the  earth  or  another  body  in  space 
from  a  space  vehicle.  NOTS-developed 
devices  have  produced  data  on  the 
earth's  cloud  cover — as  well  as  data  on 
the  ultraviolet,  infrared,  and  visible  por- 

tion of  the  electromagnetic  spectrum. 
NOTS-developed  portable  receiving 

stations  for  satellite  radio  signals  were 
used  with  the  early  Explorer  program. 
These  systems  were  modified  later  to 
receive  data  from  the  Transit  satellites. 
Other  organizations  have  been  using 
them  in  a  world-wide  net.  The  units 
weigh  about  3500  lbs.,  and  can  be  set 
up  by  two  men  in  two  days.  The  sys- 

tems measure  frequencies  transmitted 
from  the  satellite  and  correct  for  iono- 

spheric effects  before  frequency  meas- 
urements are  computed. 

NOTS  also  has  developed  a  satellite- 
monitoring  camera  that  synchronizes 
rate  of  travel  with  image  motion  to  de- 

tect satellites  too  faint  for  recording  by 
conventional  ballistic  cameras. 

•  Home-bred  motors — For  space 
propulsion  as  well  as  more  conventional 
applications,  NOTS  has  developed  a 
family  of  variable-thrust  liquid-propel- 
lant  motors.  One  of  these  units  has 
been  used  with  considerable  success  in 
the  NOTS  soft-landing  vehicle  develop- 

ment work  which  has  been  partially 
funded  by  NASA. 

The  NOTS  engine  has  one  moving 
part,  a  variable  area  injector,  which 
controls  both  fuel  and  oxidizer  in  the 
proper  ratios.  Hypergolic  fuels  are  used 
and  the  engine  is  capable  of  an  infinite 
number  of  restarts. 

The  Soft  Landing  Vehicle  (SLV) 
has  undergone  tether  tests,  including 
lift-off,  hover  and  landing.  Most  of  the 
testing  has  been  done  with  control 
through  an  umbilical  system,  but  test- 

ing with  an  optical  sensor  control  and 
self-guidance  package  in  under  way. 

The  present  SLV  propulsion  unit 
develops  1300  lbs.  thrust.  Other  tested 
versions  of  the  NOTS  variable-thrust 
engine  range  from  10-lb.  to  3500-lb. 
thrust,  and  a  clustered  20,000-lb. -thrust 
version  is  now  in  development. 

Propulsion  systems  and  propellant 
development  are  a  forte  at  NOTS.  Test 
facilities  include  the  Skytop  test  area 
where  the  Polaris  missile  engines  under- 

went a  considerable  amount  of  static 
test,  and  an  environmental  chamber  for 
firing  of  engines  under  simulated  space 
conditions.  New  facilities  were  added 
to  the  NOTS  complement  of  propulsion 
development  last  year  with  the  comple- 

tion of  a  new  laboratory  for  the  Aero- 
thermochemistry  Group  of  the  Research 
Department.  Facilities  include  a  solid- 
propellant  combustion  test  bay,  a  liquid- 
solid-gas  test  area  for  the  center's  work 
in  hybrid  propulsion  units,  and  a  cold- flow  test  area. 

Another  major  research  unit  of  the 
Navy  plant  investment  of  more  than 
$275  million  at  NOTS  is  the  Michelson 
Laboratory — 10.3  acres  of  one  of  the 
most  self-contained  research  and  devel- 

opment laboratories  in  the  nation. 
Other  NOTS  facilities  include  a 

Pasadena,  Calif.,  annex  which  is  en- 
gaged primarily  in  hydrodynamic 

studies;  the  Morris  Dam  facilities  for 
development  and  test  of  underwater 
weapons;  the  Long  Beach  Sea  Range; 
and  the  San  Clemente  Island  facilities 
where  a  large  percentage  of  Polaris 
launch  testing  was  done.  8 
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Monsanto  High  Heat  Resins  for  space  age  applications 

Monsanto  Resinox  high  heat  resistant  resins  were  developed  to  withstand  elevated  temperature  exposures.  Now  being  used 

in  missile  and  rocket  components,  laminates  made  with  Resinox  Resins  have  high  strength-to-weight  ratio,  low  rate  of 
ablation,  excellent  shock  resistance,  low  thermal  conductivity,  and  stability  at  extreme  temperatures. 

Monsanto  High  Heat  Resins  include: 
Resinox  SC-1008— Phenolic  Laminating  Varnish.  Designed  for  applica- 

tions requiring  extended  exposure  at  temperatures  to  500°F  and  very  short  term 
exposure  in  the  5000°F  temperature  range.  Offers  good  ablation  resistance. 
Resinox  SC-1013- Silane  Modified  Phenolic  Varnish.  For  applications 
demanding  extended  exposure  in  the  500°F  to  600°F  range,  and  very  short 
term  exposure  above  5000°F.  Offers  superior  high  frequency  electrical  properties. 
Resinox  TS-5946— Elastomer  Modified  Phenolic  Varnish.  Recom- 

mended for  blending  with  high  temperature  phenolic  resins  to  increase  tack  for 

ease  of  layup,  and  increase  flexibility  and  resilience  of  final  laminate. 
Resinox  RI-4080-  Modified  Phenolic  Resin  Compound.  Modified  phe- 

nolic resin  designed  for  use  in  moldings  which  must  have  short-term  heat  re- 
sistance to  temperatures  of  2000°F  or  higher. 

Resinox  RI-4009— Phenolic  Resin  Compound.  Developed  for  use  with 
glass  and  asbestos  filter  materials.  It  can  be  used  in  dry  powdered  form  or  as  a 
varnish  when  dissolved  in  alcohol.  For  more  information,  write  for  a  copy  of 
"High  Temperature  Resistant  Resins  Folder"  to  Monsanto  Chemical  Company, 
Plastics  Division,  Room  828,  Springfield  2,  Massachusetts. 
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MILITARY  SPACE  CENTERS 
ARMY 

OCRD's  Space  Branch  Oversees 

Advent  satellite  program  is 

by  far  the  biggest,  but  the 

service  has  other  interests  in- 

cluding SECOR  and  mapping 

THE  ARMY  general  staff  has  as- 
signed responsibility  for  monitoring  all 

Army  space  projects  to  the  Space 
Branch  of  the  Office  of  the  Chief  of 
Research  and  Development  (OCRD). 

This  branch,  headed  by  Lt.  Col. 
Donald  E.  Simon,  exercises  consider- 

able influence  over  the  direction  the 

Army  space  program  takes — and  over 
the  financial  support  provided  that  pro- 

gram. The  office,  operating  within  the  en- tire Army  R&D  structure  under  Lt. 
Gen.  Arthur  G.  Trudeau,  is  responsible 
for  factual  presentations  and  recom- 

mendations as  to  technical  priority, 
feasibility,  program  interactions  and 
budget. 

•  Army  space  prospecting  —  Al- 
though the  large  Advent  program  cur- 

rently consumes  most  of  the  Army's 
space  engineering  effort  and  fiscal  out- 

lay, there  are  other  areas  where  the 
service  either  is  already  involved  in 
small-scale  spending  or  is  closely  moni- 

toring developments  in  future  military 
use  of  outer  space. 

These  include  the  SECOR  program, 
studies  of  the  need  for  satellite  systems 
for    emergency    military  communica- 
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Army's  Space  Undertakings 

tions,  investigation  of  lunar  construction 
techniques  and  lunar  mapping  require- 

ments, and  close  monitoring  of  meteoro- 
logical satellite  developments. 

Under  the  direction  of  OCRD 

and  DOD,  the  Army's  Advent  Man- 
agement Agency  (USAAMA)  provides 

overall  program  management  and  tech- 
nical direction  for  Advent,  which  ac- 

tually is  a  tri-service  Department  of 
Defense  R&D  program. 

Command  of  the  Advent  Manage- 
ment Agency  changed  hands  on  March 

1,  when  Col.  Joseph  W.  Johnston  re- 
placed Brig.  Gen.  William  M.  Thames. 

Gen.  Thames,  who  had  been  in  charge 
of  the  Advent  groups  since  October, 
1960,  will  retire  after  30  years  of  Army 
service  on  June  30. 

Col.  Johnston,  up  for  promotion  to 
brigadier,  was  formerly  Deputy  Chief 
of  Research  and  Development  in  the 
office  of  the  Chief  Signal  Officer. 

The  development,  fabrication,  and 
testing  of  the  satellited  communications 
payload  and  the  extensive  array  of 
ground  support  equipment  (including 
two  huge  tracking  and  communication 
facilities  recently  completed  at  Ft.  Dix, 
N.J.,  and  Camp  Roberts,  Calif.)  is  the 
responsibility  of  the  Army's  Signal  Re- search and  Development  Laboratory  at 
Ft.  Monmouth,  N.J. 

The  Air  Force  Space  Systems  Divi- 
sion (SSD),  headquartered  at  Ingle- 

wood,  Calif.,  is  responsible  for  devel- 
opment and  fabrication  of  the  actual 

satellite — less  the  communications  pack- 
age — in  addition  to  the  booster,  track- 

ing, telemetry,  and  command  subsys- 
tems. AF  responsibility  also  extends 

into  the  launch,  injection  into  orbit, 
and  orbit  control. 

The  third  terrestrial  communica- 
tions center  for  use  in  Advent  experi- 

ments will  be  aboard  a  Navy  vessel. 
Equipment  is  now  in  the  final  phase  of 
construction  by  the  Bureau  of  Ships. 
The  antenna  installation  aboard  the 
ship  will  be  somewhat  smaller  (30-ft. 
dish)  than  the  ones  at  the  ground  sites. 
However,  the  installation  is  fully  com- 

patible with  the  entire  net. 
Major  industrial  prime  contractors 

COL.  J.  W.  JOHNSTON — New  Command- 
er of  Army's  Advent  Management  Agency. 

for  Advent  include:  Bendix  Corp. — 
shipboard,  ground,  and  satellite  commu- 

nications equipment;  Sylvania  Electric 
Products,  Inc. — ground  communications 
antennas  and  construction  of  ground 
station  facilities;  General  Electric  Co. 
—  satellite  and  flight  hardware;  and 
Philco  Corp.,  subsidiary  of  Ford  Motor 
Co. — tracking,  telemetry,  and  command 
subsystems. 

•  Procurement  route — Army  R&D 
procurement  for  Advent  and  other  Sig- 

nal Corps  Laboratory  projects  is  han- 
dled through  the  Ft.  Monmouth  Pro- 

curement Office,  a  branch  of  the  Army 
Signal  Supply  Agency  headquartered 
at  Philadelphia.  Col.  L.  M.  Reiser  heads 
the  Ft.  Monmouth  office.  Immediately 
below  Reiser  in  the  procurement  chain- 
of-command  is  Lt.  Col.  J.  J.  Daly, 
Director  of  Procurement  Operations. 

Firms  interested  in  doing  business 
with  the  Army  through  the  Ft.  Mon- 

mouth office  should  first  contact  Mr. 
Charles  Hoyt,  Industrial  Liaison  and 
Small  Business  Representative.  Com- 

panies applying  for  position  on  the 
bidders'  list  should  have  available  com- 

pany background  material,  financial 
reports,    and    associated  information. 

The  actual  bidders'  fist  is  kept  by  the 
Business  Analysis  Office,  under  the  di- 

rection of  Mr.  Kenneth  Napier.  A  field- 
of-interest  form  is  distributed  from  this 
office  to  prospective  contractors. 

Col.  Reiser  says  most  research  con- 
tracts coming  out  of  Ft.  Monmouth  are 

of  the  cost-plus-fixed-fee  variety.  For 
contracts  involving  actual  hardware, 
such  as  development  of  service  test  or 
pre-production  models,  there  is  a  trend 
towards  award  of  incentive-type  con- 

tracts. In  most  cases,  a  negotiated  pro- 
curement is  transacted — as  opposed  to 

the  formal  advertising  method,  with  re- 
quirements appearing  in  the  Depart- 

ment of  Commerce  "Synopsis  of  U.S. 
Government  Proposed  Procurement, 

Sales,  and  Contract  Awards." 
First  indications  of  Advent's  effec- 

tiveness should  become  known  immedi- 
ately after  the  first  round  of  flight  tests 

get  under  way.  According  to  Gen. 
Thames,  this  first  airborne  phase  in 
low-altitude  orbit  will  test  the  power 
supply,  attitude  and  orbital  control 
functions,  communications,  tracking, 
telemetry,  and  command  subsystems. 

•  Design  may  change  —  Though 
initial  design  is  already  firm,  some  Ad- 

vent engineers  are  keeping  an  eye  on 
certain  areas — the  power  supply  in  par- 

ticular— where  changes  may  be  in  the 
offing. 

Current  design  calls  for  nickel- 
cadmium  batteries  to  serve  as  back-up 
for  the  main  power  supply  array  of 
35,000  solar  cells.  However,  the  Army 
is  also  investigating  the  use  of  silver- 
cadmium  batteries  in  this  support  role. 
They  are  also  studying  a  switch  from 
p-on-n  to  n-on-p  type  silicon  semicon- 

ductors in  the  solar  ceil  area  to  improve 
resistance  to  radiation  damage.  Maxi- 

mum solar  cell  output  is  approximately 
650  watts,  with  the  estimated  maximum 
power  drain  listed  as  480  watts. 

The  Army  is  also  watching  the  de- 
velopment of  other  types  of  power  sup- 

plies, such  as  fuel  cells  and  nuclear 
devices,  though  it  has  begun  no  specific 
programs  of  its  own.  The  current  power 
supply — including  the  cells,  paddles, 
and  drive  motors — employed  in  Advent 
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PROJECT  ADVENT  space  communications  antenna,  believed  to  be  the  world's  most  accurate,  nears 
completion  at  Army's  Ft.  Dix,  N.J.,  Sixty-ft.  parabolic  reflector  weighs  9  tons. 

satellites  represents  the  largest  single 
weight  figure. 

Tests  of  the  attitude  and  orbital  con- 
trol function  at  low  altitude  will  be 

made  to  the  same  precision  stabilization 
accuracies  demanded  at  the  synchron- 

ous altitude.  An  inertial  wheel — cold  gas 
jet  system  will  be  used  for  attitude  ad- 

justments, with  both  cold  and  hot  gas 
systems  employed — for  coarse  and  fine 
orbital  corrections,  respectively.  The 
three-axis  attitude  control  system  is  un- 

der satellite  control,  while  the  ground 
stations  alter  orbital  position. 

To  a  great  extent,  success  of  Advent 
depends  upon  reliable  attitude  control 
for  aiming  the  directional  antennas,  and 
also  on  precise  orbital  control  to  main- 

tain position  over  a  fixed  terrestrial 
point.  The  third  governing  factor  in 
overall  accomplishment  will  be  the 
ability  of  microwave  electronics  gear 
to  operate  dependably  and  continuously 
while  unattended  in  the  space  environ- 

ment. The  Army  has  specified  a  mini- 
mum wear-out  life  of  three  years  with- 

in the  design  requirements. 
•  Jam  precautions  —  The  military 

success  of  Advent  is  also  dependent  on 
creation  of  a  system  which  resists  enemy 
jamming  and  is  secure  from  message 
interception.  To  insure  this,  engineers 
have  incorporated  special  wide-band 
modulation  capabilities  in  the  design. 

The  total  system  bandwidth  capa- 
bility for  Advent  satellites  will  be  on 

the  order  of  40  mc,  with  an  input  fre- 
quency in  the  SHF  range  and  an  output 

in  the  VHF  range.  Power  output  for 
each  of  four  RF  channels  is  a  nominal 
one  watt.  Each  channel  is  capable  of 
handling  in  excess  of  500,000  data  bits 
per  second,  as  well  as  12  voice  circuits. 
During  the  first  series  of  launchings  the 
channels  will  operate  in  pairs,  but  in  the 
later  synchronous  altitude  flights  all  will 
operate  simultaneously.  Planar  triodes 
will  be  used  as  RF  power  amplifier 
devices  in  early  launchings,  but  will 
likely  give  way  to  trave'ing  wave  tubes 
in  later  designs. 

Three  antennas  will  be  deployed 
aboard  Advent  satellites:  a  receiving 
horn;  a  20-in.  parabolic  relay  dish  (both 
producing  a  beamwidth  sufficient  to 
cover  the  visible  earth);  and  an  omni- 

directional antenna  for  tracking,  telem- 
etry, and  command  functions. 

During  the  experimental  flight  tests, 
about  300  test  points  on  and  inside  the 
Advent  satellite  will  be  telemetered  to 

ground  stations. 
•  Ground  sites — The  ground-based 

tracking  and  communication  equipment 
at  Ft.  Dix  and  Camp  Roberts  are  be- 

lieved to  be  "the  most  accurate  of  their 
kind  in  the  world  today,"  according  to 

Army  officials.  Equipment  at  both  sites 
is  identical. 

The  60-ft.  parabolic  reflectors,  each 
weighing  9  tons,  are  mounted  on  top 
of  65 -ft  towers  at  both  sites.  Each 
tower,  built  on  a  30-ft.  concrete  founda- 

tion, was  constructed  of  190  tons  of 
1-in.  steel  plate  and  is  held  together 
with  3  tons  of  welding  rod.  Despite  the 
heavy  weight,  the  antenna  turret  can 
make  a  complete  rotation  in  60  seconds. 

General  Thames  says  the  antennas 
are  accurate  to  within  0.024  deg.  He 
points  out  that  an  antenna  aiming  error 
of  only  1  deg.  would  miss  a  satellite  at 
synchronous  altitude  by  385  miles. 

The  antennas  are  connected  by 
200-ft.  passageways  to  6000-sq.-ft.  op- 

erations buildings,  where  most  of  the 
control  equipment  is  housed.  The  floors 
in  these  areas  are  made  of  an  RF 
shielding  aluminum  alloy,  and  the  con- 

crete frames  have  a  metal  insulation. 
General  Thames,  in  summing  up 

Advent's  role  in  this  country's  military 
space  plans,  sees  unlimited  potential  for 
strategic  communications  in  a  global  net 
of  Advent  satellites.  He  feels  that  our 
ability  to  exploit  space  for  this  purpose 
would  provide  coverage  for  previously 
inaccessible  areas  while  freeing  defense 
communications  from  the  many  earth- 
bound  transmission  difficulties  and  lim- 

itations. 8 
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"...I  Can  Get  a 

Special-Design 

Quick  Disconnect 

Coupling 

in  WEEKS?" 

m 

YES,  HERE  ARE  EXAMPLES 

Electronic  coolant  sys- 
tem quick  disconnect 

for  rack  and  panel 
mounted  modules. 

Pneumatic  charging 
quick  disconnect  for 
safe  disconnection  un- 

der full  system  pres- 

Squib -actuated  quick disconnect  for  missile 
air  cooling  system. 

A 

Silicone  coolant  line 
quick  disconnect  for 
airborne  electronic 
equipment. 

I 

Dual-flow  quick  discon- nect with  concentric 
fluid  passages  for  pres- sure and  return  lines. 

These  special  quick  disconnects  are  exam- 
ples of  Aeroquip  imagination  and  know- 

how  in  coupling  design  and  manufacture. 
Each  was  designed  to  meet  specific  cus- 

tomer requirements.  No  two  are  alike. 
Aeroquip's  total  experience  covers  a  wide 
range  of  fluids,  temperatures,  pressures, 
operating  and  performance  characteristics. 
Whatever  your  fluid  line  disconnect  prob- 

lem, it  can  be  solved  quickly  and  effec- 
tively at  Aeroquip.  Mail  the  coupon  below 

for  full  information. 

Aeroquip  Corporation,  Jackson  Mich. 
Please  send  me  a  copy  of  Bulletin  No.  254 
Name  

•  JACKSON,  MICHIGAN 
AIRCRAFT  DIVISION 

t h SON  PLANT,  JACKSON,  MICHIGAN  •  ElBEECO  PLANT,  JACKSON,  MICHIGAN 
DALLAS  PLANT.  DALLAS,  TEXAS  •  WESTERN  PLANT,  BURBANK  CALIFORNIA In  Canada:  Aoroqwip  (Canada)  Ltd.,  Toronto  19,  Ontario 

In  Gormany:  Aoroqulp  GmbH.  Badan  Bodon-Oo» 

„Zone _State 
Would  you  like  to  talk  to  a  sales  engineer  about  your  application?     □  Yes 
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Coating  problems  on 
launcher  arms,  launchers, 

flame  deflectors,  flame  buckets 

Specialized  coating  problems? 
The  Rust-Oleum  Corporation 
specializes  in  the  research,  de- 

velopment, and  manufacture  of 
coatings  for  particular  problems 
in  the  missile  and  aircraft  in- 

dustry. Skilled  Rust-Oleum  spe- 
cialists and  technical  service 

personnel  are  available  to  work 
hand-in-hand  with  you  and  your 
organization.  May  we  hear 
from  you? 

RUST-OLEUM  CORPORATION 
2676  Oakton  St.     •     Evanston,  III. 

Forty  years of  industry 
proof. 

Distinctive 
as  your  own 
fingerprint. 

RUST-OLEUM 

STOPS 

RUST! 

SSD  Runs  Space  Show 

(Continued  from  page  99) 

gineering  and  technical  direction  of  new 
Air  Force  missile/ space  programs.  Some 
75%  of  its  work  today  is  in  the  space 
field. 

Aerospace  Corp.  is  involved  in  Air 
Force  space  systems  from  initial  plan- 

ning through  successful  demonstration 
of  an  operational  system.  Its  responsi- 

bilities fall  into  three  areas: 

•  Systems  research  and  planning — 
Here,  it  assists  SSD  in  the  conception 
of  military  space  systems  to  fulfill  mili- 

tary requirements  and  in  preparing 
initial  general  specifications.  Evaluation 
of  technical  proposals  submitted  by  in- 

dustry is  part  of  this  job. 
•  General  systems  engineering  and 

technical  direction  (GSETD) — This  in- 
volves technical  management  of  pro- 
grams selected  by  the  Air  Force  for 

conversion  into  hardware  by  industry. 
General  systems  engineering  deals  with 
the  problems  of  putting  together  a  com- 

plex system  from  a  number  of  perhaps 
equally  complex  subsystems,  analysis  of 
subsystems  for  improvement  and  super- 

vision of  systems  testing.  To  accomplish 
this,  Aerospace  provides  technical  di- 

rection for  associate  contractors  on  Air 
Force  space  programs. 

Aerospace  Corp.  currently  is  in- 
volved in  two  areas  of  systems  engineer- 

ing which  are  exceptions  to  its  usual 
duties.  Normally,  the  detail  work  of 
engineering  a  subsystem  is  left  to  indus- 

try. But  in  the  case  of  the  Atlas  booster 
for  Project  Mercury,  Aerospace  was 
assigned  the  task  of  detailed  systems 
engineering  due  to  the  unusual  safety 
requirements  involved  in  man-rating  an 
ICBM.  And  in  the  Midas  program, 
where  general  systems  engineering  and 
technical  direction  already  had  been 
contracted  with  Lockheed,  Aerospace  is 

providing  "technical  surveillance,"  mon- 
itoring the  program  for  the  Air  Force 

to  assure  that  benefits  from  other  pro- 
grams which  might  not  be  known  to 

Lockheed  are  incorporated  in  the  Midas 
system. 

"While  we're  not  in  a  line  position 
to  say  'do  it  that  way,'  we  can  give  the information  to  the  Air  Force  and  make 
sure  that  they  at  least  are  in  a  position 

to  take  advantage  of  it  if  they  want  to," 
is  the  way  an  Aerospace  official  explains 
the  "technical  surveillance"  assignment. 

Among  other  programs,  Aerospace 
is  performing  general  systems  engineer- 

ing for  Satellite  Inspector,  the  Dyna- 
Soar  booster,  the  launching  and  final 
stage  vehicle  for  Advent,  the  Thor  Able- 
star  booster  for  Transit,  and  orbital  in- 

terceptors. The  latter  is  a  research  pro- 
gram on  system  concepts  for  destroying 
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a  ballistic  missile  during  launch — a  nat- 
ural follow-on  to  the  Midas  program. 
•  Laboratory  research  operations — 

These,  intended  to  provide  Aerospace 
with  the  broad  research  base  which  will 
give  it  an  objective  competence,  are  con- 

ducted in  two  areas. 

The  first  covers  research  and  experi- 
mentation to  assist  the  firm  in  its  sys- 

tems research  and  engineering.  The 
second  involves  applied  research  to  aid 
Air  Force  in  its  management  of  applied 
research  programs  carried  on  by  indus- 

try under  Air  Force  contracts. 
Among  laboratory  research  projects 

now  under  way  at  Aerospace  are  studies 
in  chemical,  nuclear  and  electrical  pro- 

pulsion. Studies  are  being  conducted  on 
winged  and  ballistic  re-entry  configura- 

tions. Heat  transfer  studies  are  receiv- 
ing considerable  attention.  In  the  field 

of  materials,  Aerospace  researchers  are 
investigating  solid-state  physics,  ma- 

terials, structures  and  environmental 
effects  on  materials. 

Electronics  research  includes  ad- 
vanced solid-state  circuits  for  space 

communications  and  detection  systems, 
research  in  electromagnetic  and  com- 

munications techniques,  and  in  attitude 
and  position  sensors  and  controls.  In 
space  physics,  studies  of  the  atmos- 

phere, solar  and  stellar  radiation  and 
the  radiation  belts  are  under  way. 

Aerospace  now  employs  some  3200 
persons,  1000  of  whom  are  scientists 
and  engineers — a  group  expected  to  in- 

crease to  1500  in  the  near  future.  This 
compares  with  a  personnel  total  of  3630 
at  SSD. 

The  Aerospace  Corp.  budget  for  the 
fiscal  year  ending  June  30,  1962,  is 
about  $55  million,  according  to  Vice 
President-Administration  William  Drake. 

Contracts  issued  by  Aerospace  fall 
into  two  categories: 

Those  for  services,  such  as  jani- 
torial, totaling  between  $3  and  $5  mil- 

lion a  year. 
Those  for  technical  assistance  to 

augment  or  supplement  the  Aerospace 
capability,  totaling  about  $2  to  $2.5 
million  in  the  past  year. 

"We  think  in  this  latter  case  that 
such  subcontracts  should  be  limited  to 
the  procurement  of  scientific  effort 
available  in  industry  or  in  other  non- 

profit organizations  such  as  universities 
where  it  would  not  be  appropriate  for 
Aerospace  to  try  to  develop  this  capabil- 

ity in-house,"  says  Drake.  These  usually 
are  short-term,  three-to-six-month  con- 

tracts for  solution  of  a  particular  prob- 
lem. 

This  relatively  small  amount  of  sub- 
contracting is  likely  to  remain  so.  Hard- 

ware related  to  systems  is  procured  by 
the  Air  Force  itself.  (See  p.  44  for 
SSD  procurement.)  8 
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Reliable 

for  satellite 

cooling 

ELECTRONICS 

A/Research 

tube-and-fin 
space  radiator 

ENVIRONMENTAL 
SYSTEM 

FUEL  CELL 

SPACE 

RADIATOR 

STABLE  PLATFORM 
PUMP  PACKAGE 

Pump  package,  including 
pump,  accumulator,  high 

temperature  and  flow 
control  switches,  and 

temperature  control  valve 

Garrett-AiResearch  has  designed,  fabricated  and 
tested  lightweight  space  radiators,  utilizing  proven 
hardware  concepts  throughout.  Active  radiator 
systems  can  cool  electronic  equipment,  fuel  cells, 
stable  platforms  and  environmental  systems 
operating  from  400°F  to  cryogenic  temperatures. 

AiResearch  is  foremost  in  space  radiator  design 
and  manufacturing,  and  is  highly  experienced  in 
weight  optimization  techniques,  meteoroid  protec- 

tion, transient  temperature  analysis,  fabrication 

techniques  and  emissive  coating  characteristics. 
Present  AiResearch  space  radiator  development 

and  production  programs  include  systems  for  both 
manned  and  unmanned  space  vehicles.  Other  types 
of  space  heat  transfer  experience  include  the 
Project  Mercury  and  Dyna-Soar  systems. 

AiResearch  has  more  than  20  years  of  experi- 
ence in  the  design,  development  and  manufacture 

of  heat  transfer  equipment  for  aircraft,  missiles 
and  space  vehicles.  Your  inquiries  are  invited. 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  9,  California  •  Phoenix,  Arizona 
Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
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Materials  Drive 

(Continued  from  page  70) 

Compositions  similar  to  binder  ma- 
terials but  with  greater  emphasis  on  the 

ability  to  form  tenacious  interfacial 
bonds  are  required  as  structural  adhe- 
sives.  Other  methods  of  joining — such 
as  brazing,  welding  and  mechanical 
fastening — are  available  and  give  good 
performance  under  particular  condi- 

tions. But  adhesives  have  a  greater  ver- 
satility in  intricate  substructures  and 

potentially  greater  simplicity  for  assem- 
bly and  repair  purposes.  Certain  of  the 

inorganic  structures  with  some  modifi- 
cation offer  a  possible  means  of  obtain- 

ing adhesives  for  use  above  1000°F  in 
the  next  five  or  more  years.  Present  in- 

dications are  the  temperature  limit  of 
intrinsic  polymeric  stability  is  somewhat 
lowered  when  modified  and  com- 

pounded for  adhesives. 
•  Carbonless  chemistry — Inorganic 

polymers  based  on  boron  and  nitrogen 
are  expected  to  extend  operating  tem- 

peratures beyond  800°F  in  the  next 
three  to  five  years.  This  has  already 
been  done  in  some  fluids  and  the  ad- 

vance is  expected  to  be  in  formulations 
for  matrix  resins  and  adhesives. 

This  work  is  complemented  by  re- 

cent accomplishments  in  synthesizing 
boron-phosphorous  compositions  which 
will  lead  to  formulations  with  equal  or 
better  heat  resistance.  There  is  a  po- 

tential here  for  fluid  applications. 
New  classes  of  materials  are  possi- 

ble with  polymeric  combinations  of 
arsenic  and  antimony,  metal-containing 
coordination  complexes  and  organics. 

Ferrocene  derivatives  show  immedi- 
ate possibilities  as  radiation-resistant 

additives.  The  very  intractable  nature 
causing  difficulty  in  characterizing  early 
ferrocene  derivative  polymeric  forms  is 
a  good  indication  that  extremely  stable, 
radiation-resistant  materials  may  evolve 
in  the  near  future. 

The  Air  Force  expects  new  inor- 
ganic polymers  will  be  available  in 

about  five  years  for  use  in  the  800°  to 
1200°F  ranges. 

Fluids  work  covers  heat  transfer, 
power  transmission,  damping,  and  gyro 
flotation.  The  primary  raw  materials 
involved  include  mineral  oils,  diesters, 
silicones,  disiloxanes,  silicate  esters, 
phosphate  esters  and  polyphenyl  ethers. 

Research  emphasis  is  on  fluids  with 
capabilities  in  the  1000°F  range.  Ex- 

ploratory research  is  under  way,  con- 
centrating on  semi-organic  and  inorganic 

molecular  structures.  Liquid  metal  work 
is  devoted  to  gathering  data  on  heat 
transfer  coefficients  and  optimum  oper- 

ating conditions — with  an  eye  toward 
containment  materials  and  instrumenta- 

tion compatibility  up  to  25O0°F. The  Directorate  of  Materials  and 
Processes  is  funding  a  great  deal  of 
graphite  research  aimed  at  solving  the 
production  problems  in  obtaining  better 
uniformity  of  properties  throughout  a 
piece.  Definite  progress  is  being  made. 

Part  of  the  work  also  involves 
utilizing  the  known  forms  of  graphite 
to  tailor-make  bodies  for  specific  service 
requirements.  The  control  of  thermal 
expansion  should  make  it  possible  to 
match  the  expansion  of  graphite  with 
that  of  any  suitable  protective  coating, 
since  oxidation  remains  one  of  its  unde- 

sirable traits. 
Until  this  happens,  applications  of 

the  various  shapes  and  composites  will 
continue  to  be  limited  by  lack  of  suit- 

able coatings.  Greater  densities  are  also 
being  sought. 

In  the  next  five  years,  some  of  the 
potential  of  mixed  graphite  structures 
should  be  clarified.  These  are  graphites 
containing  dispersed  particles  such  as 
refractory  metals,  stable  carbides,  and 
nitrides.  Air  Force  experts  stress  the 
lack  of  fundamental  knowledge  in  many 
graphite  areas — from  a  basic  science 
standpoint.  But  the  nature  of  the  mate- 

rial is  such  that  it  will  be  an  important 
part  of  advanced  systems. 

NEED  1  AMP  - 1  WATT  NO-FIRE? 

Typical  functioning  time  characteristics  of  a 
McCormick-Selph  1  amp-1  watt  no-fire  ignition  system 

McCormick-Selph  Delivers  Without 
Sacrificing  Performance 
McCormick-Selph  not  only  recognized  the  impor- 

tance of  electromagnetic  radiation  safety  (as  re- 
quired by  new  AFMTC  Ordnance  Standards)  — 

but  took  the  extra  steps  to  design  a  1  amp-1  watt 
no-fire  system  without  significantly  sacrificing 
conventional  electroexplosive  device  (EED)  per- formance characteristics. 
The  key  is  a  new  ignition  system  that  enables 
McCormick-Selph  to  produce  a  family  of  EED 
products  (Initiators,  Pressure  Cartridges,  Igniters, 
Detonators,  etc.)  capable  of  fast  response  and 
performance  reproducibility.  This  unique  ignition 
system  may  be  substituted  directly  into  most 
existing  McCormick-Selph  cartridges  (single  or 
double  bridgewire  circuits)  or  designed  into  units 
comparable  in  size  to  standard  components  to 
simulate  the  output  of  essentially  any  EED. 
To  help  you  solve  your  EED  requirements,  please 
write  or  call  McCormick-Selph's  Applications  En- gineering Department: 
Hollister  Airport  /  Hollister,  California  /  Dept.  M 

CURRENT  iampsi 
Above:  results  of  a  typical  Bruceton 
Analysis  Report  recently  performed 
on  a  McCormick-Selph  initiator  in- 

corporating the  new  1  amp-1  watt no-fire  ignition  system.  99.9% 
Reliability  —  95%  Confidence/Mean: 
1.34  amperes/Upper  Limit:  1.514  am- peres/Lower Limit:  1.166  amperes/ 
Standard  Deviation:  .0296  amperes. 

MSCORM I CK  ASlELPH 

EXPLOSIVE  ORDNANCE 
to  ignite   to  detonate    to  actuate   to  eject    to  open    to  close  to  pull  to  push   to  stabilize 
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AF  Test  Centers 

(continued  from  page  115) 

Pt..  Arguello,  NASA's  BIOS  launches have  been  made  from  there,  and  the 
AF's  Atlas-Agena  launchings  for  Samos 
and  Midas  also  came  from  NMF-Pt. 
Arguello. 

The  AF  has  two  Atlas-Agena  pads 
at  Pt.  Arguello,  and  two  more  are  under 
construction. 

Although  not,  by  command  function, 
a  part  of  VAFB,  Pt.  Arguello  has  be- 

come a  part-time  adjunct  of  VAFB 
through  usage.  The  NMF,  however,  is 
strictly  a  PMR  function  under  overall 
Navy  control.  At  the  Pt.  Arguello  facil- 

ity is  much  of  the  key  radar  installation 
for  tracking  launches  both  from  Pt. 
Arguello  and  VAFB. 

•  Holloman  A  IB  —  Home  of  the 
Air  Force  Missile  Development  Center 
is  Holloman  AFB,  located  near  Alamo- 
gordo,  N.M. 

Principal  mission  at  the  Center  is 
development  testing  of  guided  missile 
weapon  systems.  It  also  supports  outer- 
atmosphere  research  with  rocket  probes 
and  balloon  experiments,  and  performs 
research  related  to  biomedical  problems 
and  hazards  associated  with  manned 
space  flight. 

A  $14-million  test  center,  AFMDC 
consists  of  two  principal  operating  di- 

rectorates: Range  Operations,  which 
works  with  the  Army's  White  Sands 
Missile  Range  to  support  tri-service 
missile  tests;  and  the  Central  Inertial 
Guidance  Test  Facility,  which  is  the  Air 
Force's  independent  test  group  for  all 
inertial-type  missile  and  space  guidance 
components  and  systems.  The  Aero- 
medical  Field  Laboratory  performs  ad- 

vanced research  in  space  medicine. 
•  CIGTF  interests  —  Most  publi- 

cized of  all  AFMDC  facilities  is  its 
famed  35,000-ft.  high-speed  sled  track, 
operated  by  the  Track  Test  Div.  of  the 
Guidance  Test  Facility.  Believed  long- 

est of  its  kind  in  the  world,  it  has  been 
used  for  both  hardware  and  human  ac- 

celeration tests.  It  also  serves  as  a  ma- 
jor U.S.  controlled-test  facility  for  im- 

pact tests. 
The  Guidance  and  Control  Division 

is  now  equipped  to  follow  guidance  sys- 
tem testing  all  along  the  line  from 

component  development  through  final 
system  test. 

The  Computation  Division  performs 
the  necessary  data  reduction  and  analy- 

sis to  support  guidance  system  develop- 
ment tests.  It  now  employs  a  PACE 

analog  computer  and  three  Univac  dig- 
ital computers.  A  real-time  system  for 

missile  control  will  soon  be  available. 
New  facilities  soon  to  be  added  in- 

clude a  new  highly  precise  centrifuge, 
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a  stellar-inertial  test  facility  (due  by 
the  end  of  '63),  and  a  guidance  evalua- 

tion missile  (operational  late  in  '63). 
The  latter  will  be  a  three-stage  missile 
having  reverse  thrust  in  the  last  stage. 
It  will  have  a  soft-landing  capability 
for  test-item  recovery. 

•  Eglin  AFB  —  The  Air  Proving 
Ground  Center,  a  45,000-sq.-mi.  water- 
land  complex  surrounding  Eglin  AFB  in 
northwestern  Florida,  is  charged  with 
the  responsibility  of  testing  aircraft,  mis- 

siles and  items  of  aerospace  equipment. 
The  Eglin  Gulf  Test  Range  is  part 

of  the  facility.  This  is  believed  to  be 
the  most  accurately  instrumented  range 
in  the  country.  Extending  from  Eglin, 

West,  substations  along  Florida's  West on  the  Gulf  of  Mexico,  down  to  Key 
Coast  monitor  and  collect  data  all 
through  any  given  test  flight. 

The  facility  has  a  SAGE  tie-in  for 
intercept-missile  testing.  Currently,  the 
main  effort  centers  around  electromag- 

netic warfare.  This  is  due  to  the  SAGE 
proximity  and  the  relatively  low  indus- 

trial interference  in  the  area  around  the 
range.  ECM  equipment  testing  could 
easily  disturb  military  and  civil  radar 
and  radio  services;  this  is  one  of  the 
reasons  why  a  significant  amount  of 
ECM  testing  has  been  shifted  over  the 
past  years  to  Eglin  from  the  Boston 
area.  tt 

Opportunity  for  individual  recognition  and  rapid 

growth  for  aerophysics  engineers  to  work  in 

the  area  of  missi/e  design  with  Raytheon's  Missile 
&  Space  Division  located  in  suburban  Boston 

AEROPHYSICS 

ENGINEERS 

HEAT  TRANSFER:  Engineers  or  scientists  experienced  in 
aero  heating  analysis  of  super  sonic  and  hypersonic  vehicles, 
and  analysis  of  space  vehicles. 

SPACE  TECHNOLOGY:  aero-space  engineers  or  physicists 
to  investigate  and  develop  techniques  for  the  solution  of  space 
vehicle  motion  and  powered  trajectories.  To  establish 
mission  criteria  and  analyze  overall  mission  requirements. 

AERODYNAMICS:  experienced  engineer  to  perform 
aerodynamics  analysis  of  missile  configurations  to  determine 
performance,  stability  and  air  loads. 

If  interested  and  qualified,  please  forward  your 
resume  to  Mr.  William  O'Melia,  Bedford  R&D  Center, 
Raytheon  Company,  Bedford,  Massachusetts. 

— n  ̂"<y    RAYTHEON  COMPANY 

—[RAYTHEON1 ^  dfl      MISSILE  &  SPACE  DIVISION 
■ 

t-;i B An  Equal  Opportunity  Employer 
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RESISTANCE  TYPE 

TEMPERATURE 

DETECTORS 

,  Platinum-wound  transducers  for  use  in 
y  missiles. 

Nickel  element  transducers  for  various 
applications. 

Write  for  Catalog  260 

the  LEWIS  ENGINEERING  company 
NAUGATUCK,    CON    N  ECTICUT 

Circle  No.  50  on  Subscriber  Service  Card 

DIGITAL  WEIGHING  SYSTEMS 

•  Fast  Response  ^-System  Accuracy  to  ±.05%   +■  Digital  Displays  &  Recordings 
Digitalized  electronic  weighing  systems  by  Orbitran  are 

being  used  in  major  space  programs  to  compute,  indicate,  and 
record  vehicle  weights  with  accuracies  to  0.05%.  These  systems 
are  designed  to  provide  this  accuracy  under  field  environmental 
conditions,  including  40°F.  to  110°F.  temperature  range.  They 
are  fully  transistorized  for  reliability.  New  high  speed  digital 
sampling  techniques  make  possible  dynamic  recordings  of  weight 
and/or  thrust  at  up  to  2000  sample-per-second  rates.  The  punched 
or  magnetic  tape  recordings  are  directly  usable  for  data  reduction 
by  digital  computers.  All  data  is  linearized  by  the  system  before 
recording.  When  developing  your  weight  instrumentation  plans, 
check  with  our  engineers  to  see  what  these  new  techniques  can  do 
for  you.  Write  to: 

ORBITRAN  COMPANY,  INC. 
11487  W00DSIDE  AVE.,  LAKESIDE,  CALIF. 

BuWeps,  ONR,  NRL 

(Continued  from  page  125) 

a  year,  while  Injun  II,  part  of  a  group 
of  five  satellites,  failed  recently  when 
the  rocket  second-stage  failed  to  develop 
enough  thrust.  Injun  II B  is  now  in 

preparation. Van  Allen's  future  projects  involve 
searching  for  magnetically  trapped  par- 

ticles or  radiation  belts  around  the 
moon  and  planets.  Instrumentation  has 
been  designed  for  use  on  the  Ranger 
moon  rocket  and  on  the  proposed 
Mariner  shot  (Venus  fly-by).  Some  of 
these  experiments  must  be  planned 
about  three  years  in  advance.  The  Van 
Allen  group  is  supported  by  ONR  and 
NASA.  Total  ONR  funding  for  this 
work  during  the  current  fiscal  year  was 
$239,000. 

•  Contracting  with  ONR — Any 
qualified  scientist  or  organization  is  eli- 

gible for  a  contract  with  ONR;  the 
overtures  can  be  made  either  informally 
— through  a  conversion  with,  or  letter 
to,  the  appropriate  department  —  or 
formally  through  a  proposal  and  five 
copies. 

The  formal  proposal  should  be  di- 
rected to  the  ONR  Branch  Office  serv- 

ing the  area  in  which  the  contractor  is 
located.  There  are  offices  in  Boston, 
New  York,  Chicago,  San  Francisco, 
Pasadena,  and  London,  England.  Fur- 

ther information  on  contracting  is  in 
the  booklet  called,  "The  Office  of  Naval 
Research  Contract  Research  Program," 
ONR-1,  Department  of  the  Navy, 
Washington  25,  D.C. 

•  NRL  in  astronautics — All  of 
NRL's  R&D  work  in  astronautics  is 
done  in-house,  except  for  the  building 
of  components  which  can  be  purchased 
cheaper  in  the  open  market. 

NRL  works  as  a  service  organiza- 
tion for  the  Navy's  Bureaus  and  for  the 

other  military  services  and  govern- 
mental agencies.  To  a  limited  degree, 

it  acts  as  a  consultant  to  contractors 
holding  Navy  contracts. 

Upper-air  physics  comprises  a  con- 
tinuing program  at  NRL  and  involves 

some  rocket  sonde  work.  Dr.  H.  Fried- 
man is  in  charge  of  this  program.  In 

addition,  he  is  in  charge  of  a  rocket 
spectroscopy  project  which  calls  for 
sending  up  about  10  Aerobees  a  year — 
purchased  from  Aerojet-General. 

Other  research  projects  include 
Lofti — a  Bureau-of-Ships-funded  satel- 

lite program — under  the  direction  of 
E.  Toth,  and  BuWeps'  Spasur,  under the  direction  of  NRL  scientist  Roger 
Easton.  In  addition,  NRL  has  a  con- 

tinuing interest  in  basic  research  in 
astronautics  and  to  a  limited  extent  is 

pursuing  it  in  line  with  the  Navy's mission.  8 
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(Continued  from  page  123) 

EM  wave  behavior  and  of  the  influences 
of  the  media  through  which  the  signal 
propagates.  "Novel  approaches  to  the 
classic  antenna  research  goals  of  side 
lobe  reduction  and  higher  gain"  are 
also  being  sought. 

—Meteorology .  Aspects  of  meteor- 
ology of  particular  interest  to  AFCRL 

are  cloud  physics,  circulation  and  diffu- 
sion processes,  satellite  meteorology, 

climatology,  forecasting  techniques, 
weather  radar  research,  and  the  devel- 

opment of  new  meteorological  instru- 
mentation. Moreover,  CRL  is  devel- 

oping methods  for  interpreting  the  vast 
amount  of  data  obtained  from  weather 
satellites. 

—Energy  conversion.  In  progress  at 
AFCRL  are  about  50  individual  inves- 

tigations into  various  aspects  of  energy 
conversion.  The  research  is  concerned 
with  how  energy  is  absorbed,  stored, 
transformed  and  dissipated  at  the  molec- 

ular level.  The  work  includes  studies 
of  thermionic  generators,  thermoelectric 
converters  and  photosynthesis  among 
other  means  of  transforming  free  energy 
into  useful  energy. 

•  Mission  of  ARL  and  EOAR — In- 
house  research  in  the  physical  and  aero- 

dynamic sciences  is  ARL's  primary  re- 
sponsibility. However,  during  Fiscal 

Year  1962  the  Laboratory  had  a  $6.6- 
million  budget  for  contracted  basic  re- 

search which  would  "extend  or  directly 
complement  in-house  activities." 

EOAR  provides  a  contact  between 
USAF  and  scientists  in  the  free  coun- 

tries of  Europe  and  the  Near  East. 
These  scientists  can  work  through 
EOAR  to  submit  any  research  proposal 
that  might  be  of  interest  to  any  Air 
Force  agency;  and  if  the  proposal  is 
accepted,  EOAR  will  negotiate  and 
monitor  the  contract.  Thus,  EOAR  op- 

erates within  the  entire  Air  Force  from 
whom  it  derived  a  $5.75-million  budget 
for  contract  research  during  the  cur- 

rent fiscal  year.  Part  of  this  money 
came  from  OAR. 

•  How  to  submit  a  research  pro- 
posal— The  easiest,  cheapest  and,  hap- 
pily, the  best  way  to  find  out  if  OAR 

is  interested  in  a  piece  of  research  is 
to  send  an  informative  but  not  elab- 

orate letter  to  what  the  contractor  con- 
siders to  be  the  appropriate  facility  and 

individual.  A  briefing  will  serve  as  well 
as  a  letter. 

From  this  initial  contact,  the  pros- 
pective contractor  will  be  in  a  good 

position  to  know  what  specific  proposal 
to  present  and  where  to  send  it.  A  sub- 

sequent interview  with  the  selected  ac- 
tivity may  tell  the  contractor  whether 

his  proposal  is  considered  to  have  any 
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merit.  In  the  negative  instance,  this  will 
save  him  the  time  and  expense  of  pre- 

paring a  more  formal  proposal. 
OAR  has  a  refreshing  philosophy 

because  "(it)  is  not  interested  in  telling 
research  scientists  exactly  what  they 
should  do."  OAR  states  that  "the  most 
productive  ideas  originate  in  the  lab- 

oratories and  the  minds  of  the  men  who 

actually  do  the  research"  and  these  are 
the  men  who  should  submit  the  pro- 

posals. "Nor  does  OAR  automatically 
reject  the  unconventional — in  fact,  it 
encourages  originality,  both  in  subject 

and  approach." •  Literature  —  For  more  informa- 

tion on  the  interests  of  OAR  and  how 
to  do  business  with  the  organization, 
the  following  literature  is  helpful:  Office 
of  Aerospace  Research  brochure,  Office 
of  Aerospace  Research,  Attn:  RROS-1, 
Tempo  D.,  Washington  25,  D.C.; 
AFOSR  brochure  and  AFOSR  Grants 
for  Basic  Research,  AF  Office  of  Scien- 

tific Research,  Attn:  SRGL,  Tempo  D, 
Washington  25,  D.C.;  AFCRL  brochure, 
AF  Cambridge  Research  Laboratories, 
L.  G.  Hanscom  Field,  Bedford,  Mass.; 
and  the  ARL  brochure  (ready  in  about 
60  days),  Aeronautical  Research  Lab- 

oratory, Wright  Patterson  AFB,  Day- 
ton, Ohio.  8 

PROVEN  RELIABILITY- 

soud-state  POWER  INVERTERS 

over  260,000  logged  hours-  voltage-regulated, 

frequency-controlled,  for  missile,  telemeter,  ground- 

support,  135°C  all-silicon  units  available  now- 

r 

-
/
 

r  

Interelectronics  all-silicon  thyratron-like  gating  elements  and  cubic- 
grain  toroidal  magnetic  components  convert  DC  to  any  desired  number 
of  AC  or  DC  outputs  from  1  to  10,000  watts. 

Ultra-reliable  in  operation  (over  260,000  logged  hours),  no  moving 
parts,  unharmed  by  shorting  output  or  reversing  input  polarity.  Wide 
input  range  (18  to  32  volts  DC),  high  conversion  efficiency  (to  92%, 
including  voltage  regulation  by  Interelectronics  patented  reflex  high- 
efficiency  magnetic  amplifier  circuitry). 

Light  weight  (to  6  watts/oz.),  compact  (to  8  watts/cu.  in.),  low 
ripple  (to  0.01  mv.  p-p),  excellent  voltage  regulation  (to  0.1%),  precise 
frequency  control  (to  0.2%  with  Interelectronics  extreme  environment 
magnetostrictive  standards  or  to  0.0001%  with  fork  or  piezoelectric 
standards). 

Complies  with  MIL  specs,  for  shock  (100G  11  misc.),  acceleration 
(100G  15  min.),  vibration  (100G  5  to  5,000  cps.),  temperature  (to  150 
degrees  C),  RF  noise  (1-26600). 

AC  single  and  polyphase  units  supply  sine  waveform  output  (to  2% 
harmonics),  will  deliver  up  to  ten  times  rated  line  current  into  a  short 
circuit  or  actuate  MIL  type  magnetic  circuit  breakers  or  fuses,  will  start 
gyros  and  motors  with  starting  current  surges  up  to  ten  times  normal 
operating  line  current. 

Now  in  use  in  major  missiles,  powering  telemeter  transmitters,  radar 
beacons,  electronic  equipment.  Single  and  polyphase  units  now  power 
airborne  and  marine  missile  gyros,  synchros,  servos,  magnetic  amplifiers. 

Interelectronics— first  and  most  experienced  in  the  solid-state  power 
supply  field  produces  its  own  all-silicon  solid-state  gating  elements,  all 
high  flux  density  magnetic  components,  high  temperature  ultra-reliable 
film  capacitors  and  components,  has  complete  facilities  and  know  how 
—has  designed  and  delivered  more  working  KVA  than  any  other  firm! 

For  complete  engineering  data,  write  Interelectronics  today,  or  call 
LUdlow  4-6200  in  New  York. 

INTERELECTRONICS  CORPORATION 

2432  Grand  Concourse,  New  York  58,  N.  V. 
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TECHNIC 

Model  TF-F 

The  new  Technic  Model  TF-F  Gold 
Saver  is  a  dual  purpose  unit.  It  will  re- 

cover better  than  90%  of  the  gold  you 
are  now  losing  from  your  dragout  rinse, 
AND  the  unit  filters  your  dragout  rinse 
and  keeps  it  clean,  helping  to  eliminate 
rinse  stains. 
The  basic  Technic  Gold  Saver,  Model 
TF-F.  may  be  used  on  cyanide  OR  acid 
gold  dragout  solutions. 

The  TF-F  Gold  Saver  is  charged 
with  the  alkaline  resin  Technic 
C-150  for  use  on  CYANIDE  gold 
dragout  solution. 
For  ACID  gold  dragout  solutions,  the 
TF-F  Gold  Saver  is  charged  with 
Technic  resin  A-4050. 

The  Technic  Model  TF-F  Gold  Saver 
requires  no  special  installation  . . .  only 
a  source  of  current.  In  operation  the 
unit  is  placed  beside  the  dragout  tank 
with  inlet  and  outlet  hoses  placed  in  the 
tank.  The  unit  is  then  started,  and  you 
are  both  trapping  gold  and  filtering 
your  dragout. 

Technic 

P.O.Box  965 
Providence,  1  R.  I. 
STuort  1*6100 

Plant:  Cranston,  R.  I. 

PMR  Load  Swells 

Chicago  Office:  7001  No.  Clark  St. 

(Continued  from  page  130) 

Dember  made  these  points: 
—The  key  to  the  future  of  the 

Hydra  program,  "a  very  severe  prob- 
lem, is  development  of  a  guidance  sys- 
tem which  is  either  self-erecting  at  sea, 

or  a  system  which  will  allow  you  to 
transfer  your  guidance  from  the  ship 
to  the  missile  throughout  the  stages  of 
undocking  and  erecting.  In  launching 
from  the  water,  not  only  do  you  lose 
physical  contact  with  the  rocket,  unlike 
the  situation  with  a  land-based  pad,  but 
you  put  the  rocket  into  an  environment 
where  it  is  exposed  to  the  wave  motions 
of  the  sea.  This  can  be  solved,  but 
industry  does  not  yet  know  how  to 
produce  an  adequate  system  cheaply 

enough." —"We  need  cheaper  radar  beacons. 
If  you  fly  a  little  probe,  it  costs,  maybe, 
$5000  to  buy  a  radar  beacon  to  track 
it.  This  is  completely  out  of  proportion 
to  the  cost  of  the  probe. 

•  Lots  of  room — Looking  to  the  fu- 
ture in  PMR  growth,  Radom  says,  "as 

we  go  island-hopping  in  the  Pacific,  our 
expenses  will  go  up." As  more  military  programs,  such  as 
Nike-Zeus,  move  out  into  the  far  re- 

gions of  PMR,  there  will  be  require- 
ments for  "more  of  the  same." 

Major  elements  of  PMR  are  the 
Range  Support  Directorate,  the  Techni- 

cal Support  Directorate,  the  Naval  Air 
Station,  Point  Mugu;  the  Naval  Missile 
Facility,  Point  Arguello;  the  downrange 
facilities  of  the  Hawaiian  area,  Kwaja- 
lein,  and  Eniwetok,  and  the  so-called 
tenant  complex  of  attached  and  resi- 

dent military  and  civilian  units.  NMC 
is  the  largest  tenant  organization  at 
Point  Mugu. 

Under  "Ranges  and  Real  Estate," 
PMR  lists  five  ranges  over  its  vast  geo- 

graphical expanse:  Sea  Test  Range,  sup- 
porting development  of  air-to-air,  air-to- 

surface,  surface-to-air,  and  short-range 
surface-to-surface  missiles,  and  fleet 
training  with  these  missiles;  IRBM 
range,  a  sector  extending  1500  miles 
westward  to  sea  from  Point  Arguello; 
ICBM  range,  a  corridor  extending  west 
from  Point  Arguello;  Polar-Orbit  range, 
providing  a  capability  for  launching 
satellites  southward  from  Point  Ar- 

guello; Anti-missile  range,  for  missiles 
fired  from  the  coast  or  such  installations 
as  the  Nike-Zeus  facility  at  Kwajalein. 

For  industry  seeking  to  do  business 
with  PMR,  first  point  of  contact  is  the 
Supply  Management  Office  headed  by 
Capt.  A.  C.  Jackson.  Richard  M.  Gee, 
procurement  analyst  in  that  office,  sug- 

gests a  potential  vendor  or  contractor 
get  on  the  mailing  list  of  the  Navy  Pur- 

chasing Office  in  Los  Angeles,  which 
sends  out  notice  of  requirements.  8 

A  GOOD  MOVE 

for 

AERO /SPACE 

components 
Over  60  years  experience  in 
the  manufacture  of  precision 
components  and  machinery 
Ultra  modern  facilities— large diameter  machining 
Highly  skilled  personnel 
Outstanding  engineering 
Know-how  in  machining  spe- 

cial aerospace  metals  and 
alloys 

Modern  metallurgical  laboratory 
Heat  treating,  plating,  surface 
treatment  and  Dow  17  anodize 
Currently  in  production- 
nozzle  parts,  helicopter  main 
rotors,  and  gear  boxes,  parts 
for  gas  turbine  and  jet  air- 

craft engines,  components  for nuclear  reactors 
Resident  Air  Force  Inspection 
Write  for  Facts  About  Fenn. 
The  Fenn  Manufacturing  Co., 
Newington,  Connecticut. 
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ESD's  Stress  on  Space 
(continued  from  page  107) 

scribed  as  a  master  approach  for  antici- 
pating change  based  on  advancements 

in  the  state  of  the  art  in  both  electronics 
and  weapons  here  and  abroad. 

A  large  part  of  Advanced  Planning 
Office  effort  now  is  concerned  with 
space  requirements.  Needs  over  the 
next  three  years  are  clear.  The  follow- 

ing five  years,  however,  present  a  prob- 
lem in  trying  to  determine  Space  Age 

requirements  and  accomplishments,  ac- 
cording to  Col.  B.  B.  Townsend,  deputy 

for  AP. 
Principal  assignment  of  AP,  how- 

ever, is  to  study  techniques  and  the 
characteristics  of  various  systems  rather 
than  hardware. 

The  group  consists  of  about  50 
highly  experienced  specialists  who  per- 

form most  of  the  conceptual  work.  De- 
sign tasks  are  usually  handled  on  the 

outside — mostly  by  the  Mitre  Corp.  A 
few  of  its  planning  studies  are  per- 

formed by  contractors,  but  bidders  are 
usually  held  to  about  three.  Typical 
contracts  are  in  the  range  of  $200-400 
thousand.  (Over  the  past  eight  months, 
only  three  industry  contracts  have  been 
awarded.) 

•  Technology — Deputy  for  Tech- 
nology is  Col.  R.  M.  Wray,  who  directs 

a  $115-million  research  and  develop- 
ment effort  covering  seven  areas  of  tech- 

nology. His  group  of  nearly  130  people 
has  the  task  of  securing  the  latest  and 
most  useful  information  available  for 
application  to  command  and  control 
system  development. 

Wray's  group  consists  of  a  Director- 
ate of  Applied  Research,  an  Operational 

Applications  Laboratory,  a  Systems  De- 
sign Laboratory,  and  a  Directorate  of 

Instrumentation  and  Advanced  Devel- 
opment. The  latter  group  takes  over 

projects  following  the  applied  research, 
to  bring  new  equipment  into  being  and 
develop  new  processes  not  identified  as 
systems. 

Thus,  the  output  from  Technology  is 
for  direct  application  or  development 
assistance  in  next-generation  systems. 

In  operation,  Planning  Objectives 
are  directed  to  the  Applied  Research 
Directorate.  The  PO's  indicate  the  over- 

all requirements  for  a  potential  system 
or  a  capability  that  may  be  of  future 
benefit  to  the  Air  Force.  A  coordinator 
is  assigned  to  each  PO  for  management 
control,  and  research  requirements  are 
assigned  to  the  appropriate  Technical 
Area  Managers  (TAM's).  Tech  Areas 
include  electromagnetic  wave  tech- 

niques, computer  and  data  processing 
techniques,  computer  and  data  process- 

ing techniques,  surveillance  techniques, 
communications  techniques,  electromag- 

netic vulnerability  reduction,  electronics 

techniques  and  intelligence  techniques. 
The  various  TAM's  develop  pro- 

grams and  control  funds  released  to  the 
various  work  agencies:  Lincoln  Lab, 
Avionics  Directorate  of  ASD,  Cam- 

bridge Research  Lab,  Rome  ASD,  or 
the  Mitre  Corp.  (A  breakout  of  fund- 

ing for  approved  programs  is  approxi- 
mately as  follows:  RADC — $40  million; 

CRL — $18  million;  Lincoln  Lab — $19 
million;  ASD — $17  million;  and  Mitre 
— $2  million — about  7%  of  Mitre's overall  USAF  budget.) 

Areas  of  greatest  emphasis  today 
are  surveillance,  electronics,  technique 
communications,   and   intelligence,  in 

that  order.  Computer  and  data  process- 
ing is  small  now,  but  the  effort  is  ex- 

pected to  receive  increased  emphasis 

starting  in  FY  '63. It  also  is  worthy  of  note  that  each 
TAM  manages  all  the  work  in  a  given 
Technical  Area  within  all  of  the  Systems 
Command. 

The  one  new  area  of  responsibility 
at  ESD  is  Range  Instrumentation,  under 
the  Deputy  for  Technology.  A  separate 
Division  for  Range  instrumentation  has 
been  in  operation  since  last  October. 
Its  mission  is  to  meet  the  need  for  con- 

tinued development  of  range  instru- 
mentation that  is  in  consonance  with 

NEW   ^JLxi&L  BALL  JOINTS 

for  CRYOGENIC  piping 

BARCO  offers  new,  light  weight,  flexible  Ball 
Joints  for  handling  fluid  fuels  and  oxidizers, 
including  liquid  oxygen,  used  to  power  missiles 
and  space  rockets.  Joints  are  also  suitable  for 
use  in  industrial  cryogenics  for  handling  lique- 

fied gases.  TEMPERATURE:  —320°F  to  +275°F. PRESSURE:  200  psi  operating,  300  psi  proof, 
700  psi  burst.  Shock  tested  in  official  "Qualifi- 

cation Tests"  to  more  than  100  G's. 
SIZES:  3",  4",  6",  8",  10",  12" 

BARCO  c^fuuytaft  Oijfis  SWIVEL  JOINTS 
for  3,000  to  4,000  P.S.I.  Operating  Pressure 

PLANE  SWIVEL 

JOINT- 360°  rotation  in  a 
single  fixed  plane. 

Only  BARCO 
offers 
BOTH! 

SELF-ALIGNING 

SWIVEL  JOINT- 360°  rotation  plus 
15°  side  flexibility. 

<PLi.  MANY 

SPECIAL.  DESIGNS: 

Missile  Launcher 
Hydraulic  (or  High  Pressure  Gas) Assembly. 

Wing  Fold  Hydraulic  Assembly. 

BARCO 
MANUFACTURING  CO. 

566D  Hough  Street 
Barrington,  Illinois 
AIRCRAFT  DIVISION 

BARCO  is  the  leader  in  providing 
"Flexibility  for  Metal  Piping"—  the key  to  SAFETY,  PERMANENCE,  and 
RELIABILITY  wherever  design  in- 

volves fl)  Swivel  or  gimbal  move- 
ment, (2)  thermal  expansion  or 

contraction,  or  (3)  shock  motion  in 
Missile  Fuel  Loading  Lines,  Hydraulic 
Actuating  Lines  for  Inflight  orGround 
Support  Equipment,  or  Permanent 
Launching  Site  installations.  Barco 
Flexible  Joints  and  Assemblies  are 
backed  by  years  of  successful  engi- 

neering experience  in  this  field  and 
are  available  in  sizes,  styles,  and 
types  to  meet  current  project  require- 

ments. Ask  for  recommendations. 

c 

SEND  FOR  LITERATURE 
CATALOG  233B- "Flexible  Ball Jointt  for  Handling  Liquid 

Oxygen  and  other  Cryogenic 

Fluids." 

CATALOG  269B  -  "Plane  and  Self- Aligning  Swivel  Joints  for 

Hydraulic  Service." 
FLEXIBILITY   FOR    METAL  PIPING 

Serving  Industry  Since  1908 
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$400  million  for  L  systems  .  .  . 

future  missile  and  space  systems  testing 
at  Air  Force  Ranges,  and,  at  the  same 
time,  to  assure  maximum  return  for  Air 
Force  funds  expended  by  integration  of 
the  development  effort. 

ESD  makes  use  of  the  technical  and 
scientific  support  of  The  Mitre  Corp., 
Lincoln  Laboratory,  and  the  various 
Air  Force  R&D  agencies  to  perform  this 
task. 

Operational  Applications  Lab  is  pri- 
marily concerned  with  the  man/  machine 

loop.  Much  of  its  work  has  been  asso- 
ciated with  the  'L'  command  and  control 

systems.  It  has  performed  many  per- 
sonnel subsystem  studies  and  is  working 

now  with  teaching-machine  research, 
as  the  concept  applies  to  highly  complex 
computerized  systems  and  adaptive  data 
processing  systems. 

Eventually  most  data  processing  and 
simulations  required  by  ESD  will  be 
performed  by  the  Systems  Design  Lab- 

oratory with  the  technical  assistance  of 
Mitre.  Most  of  this  work  now  is  being 
performed  by  Mitre. 

Working  with  Applied  Research, 
System  Design  hopes  someday  to  have 
extensive  display  facilities.  The  develop- 

ment effort  now  is  very  small,  but  it, 

too,  will  be  expanded. 
Wray  says  this  is  an  area  that  ur- 

gently needs  advancements.  We  need 
displays,  he  said,  capable  of  best  show- 

ing selective  processed  command  and 
control  input  data.  But  we  must  first  find 
out  how  selective  to  be. 

•  Systems  Management — All  of  the 
Air  Force  command  and  control  systems 
are  under  the  direction  of  ESD's  Deputy 
for  Systems  Management,  Col.  N.  J. 
McGowan. 

Current  expenditures  for  all  systems 
are  running  about  $500-700  million  per 

year. 
The  group  is  responsible  for  C&C 

system  administration,  planning,  design, 
and  implementation.  After  turnover  to 
the  operational  command,  it  continues 
to  be  responsible  for  systems  improve- 

ment and  updating.  Finally,  it  has  the 
overall  task  of  trying  to  provide  some 
integration  of  all  systems. 

Today  there  are  15  L  systems  (431L 
and  the  new  482L  have  been  combined 
under  a  single  office  to  better  imple- 

ment the  two  FAA  systems).  Of  the  14, 
seven  are  associated  with  the  space 
effort.  FY  '62  authorizations  total  al- 

most $400  million  for  these  seven  sys- 

tems, which  include: 
425L — NORAD  Combat  Operations 

Center 
438L  —  Intelligence  Data-Handling 

System 465L— SACCS,  Strategic  Air  Com- 
mand Control  System 

466L — Electromagnetic  Intelligence 

System 473L— AF  Control  System 
480L — Spacecom,  Air  Communica- 

tions System 
496L — Space  Track 
Each  L  system  is  assigned  at  con- 

ception to  an  SPO  (System  Project  Of- 
fice) and  is  grouped  under  a  single 

System  Program  Director.  The  director 
is  responsible  for  the  overall  system 
acquisition  until  it  is  approved  and 
turned  over  to  the  using  agency  or 
command. 

Besides  the  various  SPO's,  Systems 
Management  has  its  own  test  staff, 
plus  an  engineering  support  and  systems 
integration  offices. 

The  depth  of  this  organization  and 
its  very  great  in-house  capability  are  due 
in  no  small  measure  to  the  policy  of 
hand-picking  SPO  directors  and  its  en- 

deavors to  keep  them  on  the  projects 

AS.  < cXaXtvS,  Via'*  oiu^^Ill^flflHM 
cetawte*.  —  

STEELSET  Diamond  Drills 

Sintered,  metal-bonded.  Impregnated  throughout  working  section. 
High  penetration  rates,  no  core  sticking,  long  life. 

Excellent  for  relatively  deep  and  blind  holes. 

Disintegrating  core  drills  with  ec- 
centric coolant  hole;  .060"  and  up; 

used  with  small  high-speed  water 
head. 

Solid  drills  with  flats  for  chip  clear- 
ance; central  diamond  in  some 

sizes;  .031"  and  up;  various  shank designs. 

Also  complete  line  of  thin-walled  core  drills  in  larger  sizes  as  well 
as  metal-bonded  wheels  of  all  types. 

Write  for  Catalog  DG  395. 
FISH-SCHURMAN  CORP.,  80  Portman  Rd.,  New  Rochelle,  N.Y. 

[ 
announcing  a  new 

MOREHOUSE  PROVING  RING 

The  Series  200 

repeatably  accurate  to  Vu20% 
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Greater  accuracy  through  increased  readability  has 
been  achieved  in  The  Series  200  Proving  Ring  without 
altering  a  single  feature  of  the  basic  design  .  .  .  the  same 
design  that  has  made  the  Morehouse  Proving  Ring  the 
world  standard  of  force  measurement  for  40  years.  The 
readability  has  been  increased  by  combining  three  con- 

tributing factors — a  larger  200-division  dial,  a  finer-pitch 
micrometer  screw  and  more  deflection  under  load. 

Accuracy  of  the  Series  200  Ring  is  1/20%  of  applied 
load.  Readability  is  1/10%  of  a  division  while  sensitivity 
is  1/20  of  a  division.  Each  Series  200  Ring  is  calibrated 
and  certified  by  the  National  Bureau  of  Standards  and 
conforms  to  the  N.B.S.  Specification  LC-822  for  proving 
rings.  For  full  details,  write  for  Bulletin  204 
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through  completion. 
•  A  pair  of  arms — If  one  considers 

the  three  main  operating  units — Ad- 
vanced Planning,  Technology  and  Sys- 

tems Management — as  one  arm  of  ESD, 
then  certainly  the  second  strong  arm 
must  be  the  Mitre  Corp. 

The  degree  of  integration  by  ESD 
and  the  not-for-profit  Mitre  organiza- 

tion is  almost  total. 

A  flyoff  from  M.I.T.'s  Lincoln  Lab, 
Mitre  has  grown  with  ESD's  assignments 
to  its  present  strength  of  about  1700 
employees,  two-thirds  of  which  are  tech- 

nical personnel.  Nearly  600  of  these  are 
highly  experienced  creative  scientists 
and  engineers. 

Mitre  is  a  principal  work  agency 
for  ESD,  and  as  such  supports  all  of 
the  division's  efforts.  Some  assistance 
in  data  processing  systems  is  provided 
by  another  not-for-profit  organization, 
the  Systems  Development  Corp.,  under 
subcontract  to  Mitre. 

FY  '62  contracts  held  by  Mitre  are 
expected  to  total  about  $30  million.  All 
but  $3  million  of  this  is  from  the  Air 
Force. 

Mitre  is  not  a  hardware  manufac- 
turer. As  an  ESD  technical  associate,  it 

is  a  "think"  organization  geared  to 
problems  of  command  and  control.  Al- 

though it  is  concerned  with  some  of 
the  tools  of  war,  it  also  is  concerned 
with  the  techniques  of  waging  war  and 
in  defining  the  future  tasks  in  space. 

Thus,  in  its  long-range  planning  anal- 
yses, Mitre  attempts  to  set  thresholds  as 

a  function  of  the  war  temperature. 
Technical  assignments  doled  out  to 

Mitre  vary  considerably — from  simple 
consulting  services  to  system  manage- 

ment. On  425 L,  for  example,  Mitre  is 
the  cooperating  system  manager  with 
ESD's  SPO.  Sometimes  it  develops  the system  conceptual  design  and  then 
serves  as  the  intermediary  between  user 
and  builder.  (Also,  see  M/R,  Dec.  4, 
1961,  p.  12,  for  a  more  detailed  de- 

scription of  Mitre  organization  and 
operation.) 

Mitre's  technical  staff  increased 
steadily  in  1961  and  is  continuing  to  in- 

crease in  1962  to  the  extent  necessary 
to  fulfill  the  corporation's  obligations  to ESD. 

•  Other  local  support — Two  other 
units  of  the  Hanscom  Complex  serve 
ESD:  Lincoln  Laboratory  and  Cam- 

bridge Research  Laboratory. 
Lincoln  is  a  tri-service-sponsored  ap- 

plied research  and  development  organi- 
zation. Although  its  workload  is  speci- 

fied by  the  three  military  services,  it  is 
heavily  oriented  toward  the  sciences 
contributing  to  ESD's  command  and control  mission. 

Cambridge  Research  Lab  is  a  part 
of  the  recently  formed  Office  of  Aero- 

space Research.  Because  of  its  proxim- 

Oil  REMOTE   READING  LOAD 

CELL   •   NO  CIRCUIT  BALANCING  • 

NO  CHARTS  •  CHOICE  OF  TENSION, 
COMPRESSION  OR  PUSH-PULL 

CALIBRATION. 

Designed  upon  differential  transformer  principle.  Has  no  internal 
gears,  levers  or  linkage  to  bind  or  wear  out. 

Dillon  Load  Cells  have  an  inherent  accuracy  of  1/10%  of  capacity. 
This  may  be  secured  through  use  of  digital  voltmeters  or  similar  high 
resolution  instruments.  Dillon  meter  type  Readout  shown  above  has 
lxk"  scale  length  providing  accuracy  and  readability  to  within  %% 
of  capacity.  Linear  increment  spacing  made  possible  due  to  fact  that 
output  from  Cells  is  in  exact  relation  to  mechanical  displacement! 

12  volt  battery  or  110  VAC  models  optional.  Up  to  6  cells  may  be 
totalized  at  one  time.  Deflection  varies  between  .002"  and  .004" 
depending  upon  capacity.  Cells  have  4:1  safety  factor.  Will  withstand 
3:1  overload  without  affecting  calibration  or  accuracy.  Unaffected  by 
shock  loading. 

Simple  control  on  Dillon  Readout  instantly 
cancels  large  tare  loads.  Any  length  cable  may 
be  used.  AN  type  connectors  standard.  Submer- 

sion proof  construction  upon  request.  All  Cells 
plated  against  rust  or  corrosion. 

Dillon  Readout  circuit  is  solid  state.  No  tubes. 
No  complicated,  troublesome  amplifiers.  Hyste- 

resis less  than'  1/10%  of  capacity.  Jack  for 
plugging  in  recorders,  digital  voltmeters,  oscillo- 

scopes, etc.  is  standard.  Adjustable  relay  con- 
trols optional.  The  system  with  EVERYTHING  at 

a  price  much  less  than  you'd  normally  expect to  pay! 
37  DIFFERENT  CAPACITIES  from  as  low  as 

0-1  pound  up  to  0-1,000,000  pounds.  Wide 
choice  of  attachment  fittings  such  as  cable  sockets,  swivel  hooks, 
threaded  studs,  etc. 

COSTS  YOU  NOTHING  TO  INVESTIGATE.  WRITE  LC"'3 TODAY  FOR  PROFUSELY  ILLUSTRATED  BROCHURE. 

w.c. rt  &  co.,  inc. Dept.  117 14632  Keswick  Street 
Von  Nuvs  73.  Colifom 
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THE  MITRE  CORP. 
HIGH  PURITY 

10,000  PSI  GAS 

with 

cryogenics 

COMPACT... the  Model  CXC  is  a 

complete  unit,  housed  in  a  cabinet 

28  x  32  x  45  inches.  When  plumbed  to 

a  cryogenic  liquid  tank... ready  to  do 
your  job! 

INCOMPRESSIBLE  PUMPING  is  the 

secret  of  the  CXC.  This  results  in  its 

remarkable  compact  size  and  low 
power  consumption! 

HIGH  PURITY  discharge  gas  is  the 
result  of  no  pumping  lubricants  and 

high  purity  of  cryogenic  liquids  used! 

THE  COSMODYNE  CORPORATION 

^ COSMODYNE 

3232  West  El  Segundo  Boulevard 
HAWTHORNE,  CALIFORNIA 

Send  for  our  brochure  on  Tanks,  Pumps, 
Vaporizers,  Tankers,  Couplings  and 
Facilities  for  Liquid  Oxygen,  Nitrogen, 
Hydrogen,  and  Helium. 
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ity  to  ESD,  approximately  20% 
CRL's  total  applied  reseach  effort  in 
electronics  and  geophysics  is  performed 
for  the  division. 

•  ESD  procurement — The  Deputy 
Chief  of  Staff/ Procurement  and  Pro- 

duction is  currently  responsible  for  over 
$1.9  billion  in  contracts. 

Only  statistics  can  indicate  the  vast 
complexity  of  contracts  annually  han- 

dled by  the  group.  In  1961,  for  example, 
1784  R&D  contracts  alone  were  being  ad- 

ministered for  a  total  funding  of  $486.6 
million.  During  the  same  fiscal  year, 
1188  R&D  Purchase  Requests  were 
processed  for  a  total  of  372  new  con- 

tracts and  a  new  obligation  of  $108.6 
million.  This  is  big  business. 

In  charge  of  this  operation  is  Col. 
Reagon  A.  Scurlock,  assisted  by  William 
J.  Irwin.  The  group  has  been  reorganized 
twice  since  July  1,  1961. 

Because  of  the  R&D  effort  at  ESD, 
procurement  policies  remain  fluid.  As  a 
general  rule,  however,  systems  contract- 

ing is  performed  in  the  System  Project 
Offices.  DCS/P&P  provides  support.  In 
the  future,  it  is  expected  that  Contract- 

ing Officers  will  be  assigned  directly  to 
the  various  SPO's. 

In  the  Directorate  of  Procurement, 
separate  divisions  are  employed  for  R&D 
and  Purchase. 

R&D  procurement,  as  already  indi- 
cated, is  large.  Projected  FY  '62  work- load is  expected  to  amount  to  1400 

R&D  Purchase  Requests  and  result  in 
a  total  funding  of  $130  million  in  new 
contracts. 

The  division  negotiates  and  admin- 
isters Lincoln  Laboratory  and  M.I.T. 

contracts  and  supports  the  Office  of 
Aerospace  Research  in  its  procurement 
actions. 

Average  R&D  contracts  are  from 
$35-40,000.  Excluding  Mitre  Corp.  and 
Lincoln  Lab  contracts,  most  are  for 
advancing  the  state  of  the  art  in  the 
various  technologies. 

About  60%  of  all  R&D  contracts  are 
with  industry,  the  rest  with  not-for-profit 
organizations. 

Purchase  Div.  contracts  total  roughly 
several  million  dollars  per  year.  Sixty 
percent  are  devoted  to  the  support  of 
ESD  technical  activities. 

Base  procurement  was  $10  million 
for  FY  '61  and  should  reach  $1 1  million 
by  the  end  of  FY  '62.  Over  80%  of these  contracts  are  with  small  business. 

Systems  workload  for  FY  '61  en- compassed 80  separate  cases  totaling 
$400  million.  By  the  end  of  this  fiscal 
year  100  cases  are  projected  for  a  total 
of  $1  billion. 

P&P  employs  the  Quick  Reaction 
Contract  only  to  a  limited  degree.  These 
are  time  and  service  contracts  averaging 
$10-15  thousand/ year.  It  also  makes  use 
of  blanket  purchase  orders  for  base  pro- 

curement, awarded  for  three-month  pe- 
riods, to  local  contractors.  Contractors 

are  alternated  on  a  periodic  basis.  8 
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Vast  future  needs  . 

NORAD  Uses  Space 

Know-how  to  Defend  U.S 

Command's  SPADATS  system  designed  to  detect  and  track 
satellites;  advanced  plans  include  manned  orbital  craft 

NORAD  (North  American  Air  De- 
fense Command)  has  the  mission  of 

protecting  the  continental  U.S.  from 
aerospace  attack.  It  carries  out  no  direct 
procurement.  This  is  accomplished 
through  other  Air  Force  agencies  such 
as  AFSC's  Electronics  Systems  Division. 

While  NORAD  performs  no  R&D. 
it  does  exercise  its  right  to  recommend 
or  veto  aerospace  defense  systems  on 
the  basis  of  compatibility  and  needs. 

The  next  step  beyond  the  problem 
of  defense  against  ICBM's  is  that  of  de- 

fense against  hostile  satellites  or  other 
orbital  weapon  systems. 

Since  last  July,  NORAD's  Space 
Detection  and  Tracking  System  (SPA- 
DATS)  has  been  in  operation  at  Colo- 

rado Springs,  Colo.  The  total  system  is 
designed  for  satellite  detection,  tracking, 
orbit  computation,  and  prediction. 

At  the  present  time,  it  consists  of  the 
SPADATS  center,  the  Navy's  Space 
Surveillance  System  (SPASUR),  the 
Air  Force  series  of  space  track  radars 
across  the  continent,  and  inputs  from 
certain  Army  centers,  non-military  sci- 

entific centers,  and  BMEWS. 
Continued  growth  and  updating  of 

the  system  is  provided  by  Electronic 
Systems  Division's  Space  Track  pro- 

gram (496L). 
In  time,  it  is  expected  that  the 

Saint,  or  Satellite  Inspector,  program 
will  provide  additional  inputs  to  the  cen- 

ters. These  satellites  will  report  to 
ground  stations  which  in  turn  will  feed 
data  to  NORAD. 

•  Forward  planning  —  For  the  fu- 
ture, advanced  planners  at  NORAD  see 

aerospace  defenses  including  both 
manned  orbital  vehicles  and  surveillance 
systems  offering  global  coverage. 

For  the  period  1970-1975,  Lt.  Col. 
T.  M.  Scott,  chief  of  NORAD's  Direc- torate of  Future  Plans  and  Advanced 
Developments,  sees  a  definite  place  for 
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military  manned  space  vehicles. 
A  manned  orbital  system,  said  Scott, 

will  be  completely  self-contained.  It 
will  have  all  the  subsystems  required  to 
perform  the  basic  aerospace  defense 
missions  of  detection,  identification,  in- 

terception, and  destruction  in  space. 
Space  defense  requirements  of  the 

future,  Scott  asserts,  include  covering 
the  entire  volume  of  space  from  the 
earth's  surface  out  to  all  satellite  alti- 

tudes of  possible  interest. 
To  achieve  such  a  total  system, 

Scott  said  the  following  machinery- 
would  be  required: 

— Midas-type  early  warning  satel- 
lites to  supply  the  information  necessary 

to  alert  the  defensive  systems  and  warn 
the  nation. 

—Sensors,  both  surface-based  and 
satellite-borne,  to  provide  identification 
of  warheads  and  determine  whether 
there  is  hostile  intent. 

—Orbiting  interceptor  systems  which 
can  intercept  and  destroy  ICBM's  in 
flight. 

—Terminal-phase  surface-to-air  mis- 
sile defense  in  a  few  vital,  nonexpend- 
able, hardened  locations. 

The  control  center,  into  which  all 
data  will  be  funneled,  will  be  the 
NORAD  underground  combat  opera- 

tions center  (COC)  which  is  now  under 
construction. 

Scott  further  explained  that  NORAD 
COC  will  have  secure,  reliable  data  links 
and  communications  channels  to  and 
from  all  elements  of  an  aerospace  de- 

fense system.  Automatic  data-process- 
ing from  high-capacity  equipment  will 

enable  the  commander  to  control  his 
aerospace  defense  forces.  Data  will  be 
channeled  instantaneously  into  NORAD 
COC  for  all  elements  of  the  surveillance 
system,  and  will  be  available  in  simpli- 

fied visual  displays.  S 

Measure 

4f  within dt 

0.0002/hr. 

? 
■ 

Now  possible  with 

MID  ARM 

Micro  Dynamic  Angle 
and  Rate  Monitor 

Gyro  drift  measurement 
and  inertial  system  evalu- 

ation with  MIDARM  was 

described  as  "...beyond 
the  state  of  the  art"  by 
NASA  officials  oftheGeorge 
C.  Marshall  Space  Flight 

Center,  Huntsville.Alabama. 

MIDARM  optically  meas- 
ures angular  rates  to  an 

accuracy  of  0.0002°/  hr.  in 
less  than  two  minutes  of 

time  and  angular  displace- 
ment to  an  accuracy  of 

0.02  arc  sec. 

Please  write  for  complete  details. 

LABORATORIES,  INC. 
77  TWELFTH  AVENUE  .  NEWARK  3,  N.  J. 

147 



SUB-MINIATURE 

PHOTO  ELECTRIC 

INCREMENTAL 

ENCODER  & 

TACHOMETER 

DIAM 

LENGTH 

WEIGHT 
1  1/16" 

1  5/16" 8  Ounces 

SIZE  11  SYNCHROMOUNT 

Gives  600  uniform  counts 

per  revolution — 
Measures  the  rate  of  rota- 

tion— 
Has  built-in  direction  sens- 

ing— 
Disk  has  600  clear  and  600 

opaque  divisions — 

Developed  specifically  for 
airborne  and  space  applica- 

tions— 

WRITE  FOR 
DESCRIPTIVE  LITERATURE 

AR&T  ELECTRONICS,  Inc. 
BOX  627     LITTLE  ROCK,  ARK. 

A  WHOLLY-OWNED  SUBSIDIARY  OF 

THE  BALDWIN 

PIANO  COMPANY 

Outline  of  History  of 

USAF  Man-in-Space  R&D  Program 

16  February  1956 — Manned  ballistic 
rocket  research  system  development 
conceived  and  proposed,  based  on  use 
of  ICBM  to  put  man  in  orbit  b\ 
I960.  Hq  ARDC  memo. 

March  1956 — Specific  attack  on  the 
problem  of  recovering  a  manned  cap- 

sule from  orbital  conditions  established 
by  task  27544-7969  entitled  "Manned 
Ballistic  Rocket  Research  System."  In- 

terest was  generated  with  some  con- 
tractors who  began  a  study  effort  that 

has  continued  to  the  present  time. 
December  1956 — Unsolicited  pro- 

posals for  paid  study  efforts  received 
from  AVCO  and  Martin.  Proposals 
were  evaluated. 

April  1957 — Purchase  Request  pre- 
pared to  initiate  paid  study  with  A  VCO, 

but  no  funds  were  provided. 
4  November  1957 — Industry  in- 

house  study  effort  continued  and  so  a 
study  SR  (172)  was  published  to  enable 
ARDC  support. 

15  January  1958 — Seven  unsolicited 
industry  proposals  to  develop  this  vehi- 

cle had  been  received  by  ARDC.  Tech- 
nical evaluation  of  all  concepts  was 

initiated.  NACA  observers  participated. 
24  January  1958  —  Memorandum 

from  Mr.  Horner  presented  to  Mr. 
Holaday,  OSD,  covering  recommended 
USAF  Astronautics  Development  Pro- 

gram. The  Manned  Capsule  Test  Sys- 
tems was  a  keystone.  It  was  urged  that 

special  emphasis  be  placed  on  getting 
man  into  space  at  the  earliest  practica- ble date. 

31  January  1958— Hq  USAF  letter 
signed  by  General  Putt  directed  ARDC 
to  determine  quickest  way  to  put  man 
in  space,  and  recover  him;  and  forward 
information  by  15  March. 

31  January  1958 — General  Putt  also 
sent  letter  to  Dr.  Dry  den,  NACA,  in- 

viting NACA  to  participate  in  the 
USAF  planned  development  in  a  man- 

ner similar  to  the  X-15  arrangement. 
Early  February  1958— NACA  verb- 
ally informed  ARDC  their  people  were 

preparing  their  own  manned  capsule 
designs  to  be  ready  late  March  and 
they  could  not  coordinate  with  the 
USAF  Program  before  that.  Hq  USAF 
was  so  notified  by  5  March  letter  signed 
by  General  Anderson. 

27  February  1958 — General  LeMay 
directed  in  writing  that  a  plan  for  an 
AF  Man-in-Space  Program  be  sub- 

mitted to  him  as  soon  as  possible. 
28  February  1958  —  Memorandum 

for  the  Secretary  of  the  Air  Force  from 
Roy  Johnson,  ARPA,  "recognized  the Air  Force  has  a  long  term  development 
responsibility  for  manned  space  flight 
capability  with  the  primary  objective  of 
accomplishing  satellite  flight  as  soon  as 
technology  permits."  He  "authorized 
development  of  a  test  vehicle  for  ex- 

perimental flights  with  laboratory  ani- 
mals, in  furtherance  of  the  objective  of 

manned  satellite  flight." 

7  March  1958  —  Letter  dated  7 
March  from  General  Boushey  reaf- 

firmed ARDC  evaluation  due  date  to 
14  March  and  still  to  obtain  maximum 
possible  NACA  collaboration. 

14  March  1958 — Recommended  Air 
Force  Manned  Space  Systems  Program 
forwarded  to  Hq  USAF.  Included  was 
the  Abbreviated  Development  Plan  for 
a  manned  capsule  which  provided  for 
1st  flight  in  Mid -1960.  NACA  partici- 

pated in  the  preparation  and  concurred 
in  the  solution. 

April  1958—  ARDC  task  force  pre- 
pared the  Development  Plan  for  Man- 

in-Space-Soonest.  (MISS)  based  on  use 
of  the  THOR  booster  plus  a  fluorine 
engine  second  stage  with  1st  manned 
flight,  October,  I960.  Also,  General 
Flickinger  made  arrangements  with 
AFBMD  concerning  inclusion  of  ani- 

mal experiments  in  117L  flight  test 

program. 11  April  1958— NACA  (Dr.  Dry- 
den)  signed  agreement  to  do  joint  MIS 
program  with  USAF  in  manner  similar 
to  X-15. 

2  May  1958— MISS  Development 
Plan  submitted  to  Hq,  USAF  and 
ARPA. 

8  May  1958— Mr.  Mclntire  and 
Mr.  Horner,  Office  SECAIR,  phoned 
Gen  Anderson;  said  can't  finance  all 
1st  year  MIS  program — only  $67  mil- 

lion available  ($47  ARPA  plus  $20 
million  NACA).  Development  Plan  re- vised. 

12  May  1958— Letter  from  General 
LeMay  to  General  Anderson  directing 
evaluation  of  the  AVCO-Convair  pro- 

posal as  a  possible  quicker,  cheaper, 
less  complex  method. 

20  May  1958 — Letter  from  General 
Anderson  to  General  LeMay  stating 
evaluation  revealed  AVCO-Convair  pro- 

posal offered  lower  probability  of  pro- 
viding a  successful  early  MIS  program 

than  2  May  1958  USAF  plan.  Recom- 
mendation: buy  USAF. 

21  May  1958 — Mr.  Mclntire,  Asst 
Secy  AF,  directed  revising  MISS  Devel- 

opment Plan  to  use  ATLAS  instead  of 
the  THOR-Fluorine  booster,  to  help 
reach  earlier  manned  flight. 

29  May  1958— ARPA  gave  MIS 
briefing  to  Nat'l  Security  Council  Plan- ning Group. 

12  June  1958 — General  Boushey 
phoned  that  ARPA  authority  for 
ARDC  to  proceed  with  MISS  had  been 
issued  subject  to  Presidential  approval, 
which  has  been  solicited.  NACA  co- 

ordination has  been  received.  ARPA 
also  requested  consideration  be  given 
to  use  of  ATLAS  plus  HUSTLER  en- 

gine booster  as  an  alternative  approach. 
16  June  1958 — ARPA  approval  ob- 

tained to  proceed  with  study  contracts 
on  the  ecological  aspects  of  the  MISS 
capsule,  up  through  mock-up. 

23  June  1958 — Two  3-month  con- 
tracts  (total  $340,000)  let  to  NAA  and 
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GE  for  Phase  I  of  ARDC  Lite  Support 
System  Development  (design  study  of 
space  cabin  and  internal  ecological  sub- 
systems). 

24  June  1958 — Conference  held  to 
try  to  reach  agreement  on  MISS  Pro- 

gram. ARPA,  USAF,  and  NACA. 
STL,  Convair  and  Lockheed  repre- 

sentatives participated  and  argued  for 
a  different  technical  approach — no  de- 

tailed go-ahead  agreement  was  reached. 
Funding  discussed  is  now  $33  ARPA 
and  $33  NACA  I  millions).  Good  AF 
support  from  Gen  Bonshey. 

8  July  1958 — Gen  Bonshey  phoned 
and  related  that  there  is  a  serious 
difference  of  opinion  between  the  DOD, 
the  BOB  and  the  White  House  regard- 

ing who  has  cognizance  of  the  National 
Space  Program.  BOB  is  firmly  for 
NASA.  MISS  Program  might  be  re- 

duced. Nothing  can  be  done  to  release 
funds  for  go-ahead  on  crucial  items  due 
to  the  above  dispute. 

25  July  1958— New  MISS  Devel- 
opment Plan  based  on  ATLAS  sub- 

mitted to  ARPA.  Mr.  Johnson  stated: 
no  approval,  AF  would  have  to  nego- 

tiate with  NASA  and  NASC,  FY  59 
fund  level  probably  only  $50  million, 
and  White  House  questioning  the  merit 
of  manned  space  flight  at  this  time. 

29  July  1958 — President  signed  bill 
to  establish  NASA. 

12  August  1958— MISS  conference 
with  ARPA,  NASA,  USAF,  ARDC 
held  on  MISS.  Agreement  reached  that: 
There  should  be  one  Development  Plan 
based  on  $40  million  FY  59. 

20  August  1958 — Gen  LeMay  sent 
letter  to  ARDC.  President  made  deci- 

sion to  assign  MISS  to  NASA.  ARPA 
MISS  funds  also  transferred  to  NASA, 
FY  59  funding  now  $40  million  (ARPA 
$10  and  NASA  $30),  and  "soonest" ground  rule  eliminated. 

2  September  1958  —  A  FDA  T  re- 
ported the  BOB  had  overridden  Mr. 

Mclntire's  decision  to  fund  the  A  VCO 
proposal  through  re-programing  if  not 
supported  by  ARPA. 

9  September  1958 — Meeting  with 
ARPA.  ARPA  desires  to  justify  MIS 
as  a  military  requirement  with  relations 
to  Dyna  Soar  III. 

18  September  1958— Hq  ARDC  let- 
ter to  Hq  USAF  containing  results  of 

evaluation  of  revised  AVCO  proposal: 
no  change  but  interested  in  technical 
development  of  certain  aspects. 

18  September  1958  —  Revised  ($40 
million)  MISS  Development  Plan  sub- 

mitted ARPA/NASA.  $12.5  million 
was  requested  for  immediate  go-ahead. 
No  decision  could  be  made  until  24 
September  1958  Space  Council  meeting. 

24  September  1958 — Space  Council 
meeting.  No  decisions.  President  indi- 

cated difference  would  be  resolved  by 
Military  Liaison  Committee. 

Late  September  1958 — Information 
received  that  NASA  is  developing  a 
Life  Support  Capsule.  No  indication  of 
part  USAF  will  play. 

Early  October  1958 — Discussions 
occurred  with  NASA  with  regard  to 
ARDC  help  in  the  NASA  balloon  part 
of  their  MIS  Program-  " 
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PHYSICISTS 

MATHEMATICIANS 

AND  ENGINEERS 

'fom  -  M.  I.  T. 

The  Laboratory's  staff  of  over  1000  under  the  direction  of Dr.  C.  Stark  Draper  is  engaged  in  the  conception  and  perfection 
of  completely  automatic  control  systems  for  the  flight  and 
guidance  of  missiles  and  space  vehicles.  Its  achievements 
include  the  Navy  Mark  14  Gunsight,  the  Air  Force  A-l  Gunsight, 
Hermetic  Integrating  Gyros  (HIG),  and  the  Ship  Inertial 
Navigation  System  (SINS).  The  Laboratory  developed  basic 
theory,  components  and  systems  for  the  Air  Force  THOR  and, 
later,  the  TITAN  missile.  Other  accomplishments  include  the 
Navy's  POLARIS  Guidance  System. 
Recently,  the  Instrumentation  Laboratory  was  selected  by 
NASA  to  develop  the  guidance  navigation  system  for  the  moon 
space  craft  project,  APOLLO. 
Research  and  Development  opportunities  exist  in: 

•  ANALYSIS  OF  SYSTEMS  AND  COMPONENTS 
•  HIGH  PERFORMANCE  SERVOMECHANISMS 

•  POWER  SUPPLIES  AND  MAGNETIC  AMPLIFIERS 
•  DIGITAL  AND  ANALOG  COMPUTERS 

•  ELECTRO-MECHANICAL  COMPONENTS 
•  TRANSISTOR  CIRCUITRY  AND  PULSE  CIRCUITRY 

•  RESEARCH.  DESIGN  AND  EVALUATION  OF 
GYROSCOPE  INSTRUMENTS 

•  COMPUTER  PROGRAMMING  AND  SIMULATOR  STUDIES 
•  OPTICS,  ASTRONAUTICS  AND  MANY  OTHER  AREAS 

CALL  OR  WRITE  HOWARD  R.  MILLER.  PERSONNEL  OFFICER 

INSTRUMENTATION  LABORATORY 
MASSACHUSETTS     INSTITUTE    OF  TECHNOLOGY 

es    ALBANY    STREET  Bldg.    3M     •  CAMBRIDGE   39.  MASS. 
UNIVERSITY     4-6900.     EXT.  3544 

•  Graduate  courses  may  be  taken  while  earning  full  pay. 
"An  equal  opportunity  employer" 
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A-OK' 

Directory  of  AFSC  Procurement  Contacts 

Made   possible  through  advanced 
and  reliable  electronics  and      .  . 

AGA  RADAR  TRANSPONDERS^  _ 

~~llADAR  BEACON?" FOR  MISSILE  AND 
SPACE  APPLICATION 

STANDARD  FREQUENCY— S,  C,  and  X  BAND 
SUPERHETERODYNE    and    CRYSTAL  VIDEO 

C/T  MODEL  505 

S/T  MODEL  304 

Aero  Geo  Astro 
corporation 

Kdsall  4  Lincolnia  Rds.  Alexandria,  Ya. 
i  -..MfRe  Park,  Md.  Corona.  Calif. 
Ft.  Walton  Reach.  Fla.  Arlington,  Texas 

Keyser.  W.  Va. 
Circle  No   69  on  Subscriber  Service  Cord 

MICRO 

PRECISION 

HOLES 

FROM  .0001"  DIA. 

DRILLS 

DRILLING  MACHINES 

EXPENDABLE  TOOLING 

DRILLING  SERVICE 

MICRO- MACHINING 

CONSULTANTS 

NATIONAL  JET  CO. 
I  I  CUPLER  DR.— LaVALE 

CUMBERLAND,  MARYLAND 
CABLE  ADDRESS:  NAJET 

Headquarters,  Air  Force 
Systems  Command 
Andrews  AFB,  Md. 

Tel:  98  7  (Washington,  D.  C.J 
Executive  for  Small  Business:  Mr.  John  C. 

Eiden 
Mai!  Symbol:  SCMK-2—Exi  6331.  6107 
Contractor    Relations    and  Procurement 

Sources:  Mr.  LeRoy  E.  Olson 
Mail  Symbol:  SCMKS—Exl  6331,  6107 

Electronic  Systems  Division 
L  G.  Hanscom  Field,  Mass. 

Tel.  CRestview  4-6100  (Bedford) 
Small  Business  and  Contractor  Relations 

and  Sources:  Mr.  John  Condon,  Mr. 
Norman  Mullen 
Interests  are:  Complete  acquisition  pro- 

gram for  electronic  systems. 

Aeronautical  Systems  Division 
Wright-Patterson  AFB,  Ohio 

Tel:  CLearwater  3-77  7  7  (Dayton) 
Small   Business   Specialists:   Mr.  George 

Rattenbury  and  Mr.  Larry  Grier 
Mail  Symbol:  ASRKB — Ext  38216 Contractor  Relations  and  Sources:  Miss 

Bettv  Weisbrod 
Mail  Symbol:  ASRKB— Ext  39250 

Interests  are:  Complete  acquisition  pro- 
gram for  aeronautical  systems  and  applied 

research  in  guidance  systems  for  aircraft 
and  missiles,  etc..  flight  control,  propellers 
and  rotors,  testing  including  aerodynamic, 
structural  and  environmental  tests,  power- 
plants,  ground  equipment,  aeromedical 
equipment  (aerial  reconnaissance),  airborne 
equipment,  aeromedical  equipment,  human 
factors  research,  airborne  electronics  equip- 

ment, materials,  aeronautical  science  re- 
search, including  chemistry,  mathematics, 

physics,  fluid  dynamics,  mechanics,  and 
system  dynamics.  Aircraft  and  missile  sys- 

tems components.  Aerodynamics,  including 
instruments,  structure,  design,  dynamics 
control  and  propulsion. 

Deputy  Commander 
For  Aerospace  Systems 
Air  Force  Unit  Posl  Office 
Los  Angeles  45,  Calif. 
Tel:  ORchard  0-7  444 

Smaill  Business,  Contractor  Relations  and 
Sources:  Mr.  Rov  A.  Watkins 

Mail  Symbol:  DCMB—Ext  1005 
Interests  are:  Acquisition  of  missile  and 

aerospace  systems. 

San  Antonio  Research  and 
Development  Procurement  Office 

(Div.  of  ASD) 
P  O.  Box  63,  Lackland  AFB,  Tex 

Tel  WAlnut  3-3411 
Small  Business.  Contractor  Relations  and 

Sources  (Miss  W .  Bell) 
Mail  Symbol:    WWKLS—Ext  2113/2564 

Personnel  Laboratory  interests  are:  Re- 
search  into  personnel  resources,  operatoi 
research,  social  sciences,  aviation  medicine 
and  related  problems,  cold  environmental 
research,  etc. 

Air  Force  Flight  Test  Center 
Edwards  AFB,  Calif. 

Tel:  Clifford  8-2111  (Town  of  Edwards) 
Small  Business  Specialist:  Mr.  James  L. 

Thompson 
Mail  Symbol:  FTKC—Ext  29461 

Interests  are:  Testing  of  new  aircraft 
systems,  research  aircraft,  aircraft  com- 

ponents, flight  test  instrumentation,  rocket 
propulsion  and  parachutes. 

Air  Force  Special  Weapons  Center 
Kirtland  AFB,  N.M. 

Tel:  CHapel  7-171  1  (Albuquerque) 
Small    Business   Specialist:    Mr.   M.  H. 

Nickerson 
Mail  Symbol:  SWKSB— Ext  2153 Contractor  Relations  and  Sources: 
Mail  Symbol:  SWKSR—Ext  2093 

Interests  are:  Research,  development, 
lest,  and  evaluation  of  Air  Force  com- 

ponents of  equipment  related  to  atomic 
weapons. 

Air  Force  Missile  Test  Center 
Patrick  AFB,  Fla. 

Tel:  Uiysses  7-6757  (Cocoa  BeachJ 
Small  Business  Specialist,  Contractor  Re- 

lations   and    Sources:    Mr.  Richard 
McCoy 

Mail  Symbol:  MTKSA 
Interests  are:  Test  range  instrumenta- 

tion involving  radar,  trajectory  computers 
and  recorders,  tracking  and  target  analysis, 
wire  communications,  radio  communica- 

tions, programing  timing  and  firing  sys- 
tems, telemetry  receiving,  data  storage, 

data  reduction. 

Rome  Air  Development  Center 
GrifTtss  AFB,  N.  V. 

Tel:  FF  6-3200  (Rome) 
Small  Business  Specialist,  Contractor  Re- 

lations and  Sources:  Mr.  John  Vella 
Mail  Symbol:  RAKS — Ext  5220 

Interests  are:  Radar  communications, 
navigation,  electronic  warfare,  intelligence, 
support  equipment  for  radar  and  commu- nications, specialized  support,  including 
human  engineering  and  technical  writing, 
guided  missiles,  including  aerodynamics 
and  ballistic  guidance  control,  handling 
and  launching  and  propulsion. 

Air  Proving  Ground  Center 
Eg/in  AFB,  Fla. 
Tel:  Eglin  2231 

Small  Business  Specialist,  Contractor  Rela- 
tions and  Sources:  Mr.  J.  V.  Leftwich 

Mail  Symbol:  PGKS—Ext  672842-672843 
Interests  are:   Research,  development, 

test  and  evaluation  of  guns  and  other  air- 
craft weapons,  ammunition,  rockets,  bombs, 

and  fire  control  components  and  systems. 

Air  Force  Missile  Development  Center 
P.  O.  Box  939 

Holloman  AFB,  N.  M. 
Tel:  GRanite  3-65  7  I  (Alamogordo) 

Small  Business  Specialist.  Contractor  Rela- 
tions and  Sources:  Mr.  D.  P.  Hathcock 
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Mail  Symbol:  MDKS—Exi  6861 
Interests  are:  Guided  missiles — conduct 

of  research  and  development  of  guided 
subsystems  and  components.  R&D  in  the 
field  of  human  factors,  including  biody- 
namics  and  space  biology. 

Arnold  Engineering  Development 
Center 

Arnold  Air  Force  Station,  Tenn. 
Tel:  GL  5-261 7  (Tullahoma) 

Small  Business  Specialist,  Contractor  Re- 
lations and  Sources:  Mr.  J.  Moriarty 

Mail  Symbol:  AEKS—Ext  509 
Interests  are:  Aerodynamics,  research 

and  development  of  powerplants  related 
to  operation  and  tests  of  air  breathing  pro- 

pulsion systems;  i.e.  turbojet,  ramjet,  and 
turboprop.  Problems  associated  with  high- 
temperature  materials  and  unique  mechan- 

ical, electrical  and  thermodynamic  prob- 
lems all  related  to  the  construction  of 

large  and  complex  engine  test  facilities 
and  wind  tunnels. 

If  you  are  not  located  near  Head- 
quarters AFSC  or  an  AFSC  Division  or 

Center,  it  may  be  possible  for  you  to 
obtain  additional  information  by  visiting  a 
nearby  Air  Procurement  District  Office  or 
AFSC  Regional  Office  or  one  of  the  AFSC 
Liaison  Offices.  While  these  representatives 
of  AFSC  do  no  procurement  and  do  not 
maintain  source  files,  they  do  have  quali- 

fied technical  personnel  available  to  discuss 
your  technical  capabilities  and  provide 
guidance. 

AFSC  Regional  Office,  Tel:  HOllywood 
7-5171.  6331  Hollywood  Boulevard, 
Los  Angeles  28,  Calif. 

AFSC  Regional  Office,  Tel:  REctor  2-8000. 
346  Broadway,  New  York  13,  N.  Y. 

AFSC  Regional  Office,  Tel:  Financial  6-9181. 
Rm  715,  La  Salle  Building,  39  South 
La  Salle  Street,  Chicago  3,  111. 

AFSC  Regional  Office,  Tel:  OXford  6-3594. 
clo  Department  of  the  Navy,  Room 
2305,  Munitions  Building,  Washington 
25,  D.  C. 

AFSC  Liaison  Office,  Ames  Research  Center 
(NASA),  Moffett  Field,  Calif. 

AFSC  Liaison  Office,  San  Francisco  Bay  Area, 
1 176  Los  Altos  Ave.,  Los  Altos,  Calif. 

AFSC  Liaison  Office,  Naval  Missile  and  Astro- 
nautics Center,  Point  Mugu,  Calif. 

AFSC  Liaison  Office,  Naval  Ordnance  Test 
Station,  China  Lake,  Calif. 

AFSC  Liaison  Office,  clo  The  Boeing  Com- 
pany, Seattle  24,  Wash. 

AFSC  Liaison  Office,  Langley  Research  Cen- 
ter (NASA),  Langley  AFB,  Va. 

AFSC  Liaison  Office,  Naval  Research  Labora- 
tory, Washington  25,  D.  C. 

AFSC  Liaison  Office,  Naval  Propellant  Plant, 
Indianhead,  Md. 

AFSC  Liaison  Office,  1327 A  Wellington  Street, 
Ottawa,  Ontario,  Canada 

AFSC  Liaison  Office,  Naval  Air  Research  & 
Develop.  Activities  Command,  Johns- 
ville,  Pa. 

AFSC  Liaison  Office,  Massachusetts  Institute 
of  Technology,  68  Albany  Street,  Cam- 

bridge, Mass. 
AFSC  Liaison  Office,  Lewis  Research  Cen- 

ter (NASA),  21000  Brookpark  Road, 
Cleveland  35,  Ohio 

AFSC  Liaison  Office,  Air  Training  Command, 
Randolph  AFB,  Tex. 

Eastern  Contract 

Management  Region 

ORGANIZATION 
Eastern  Contract  Management  Region 
Olmstead  AFB,  Pa. 
Whitney  4-5521 
AIR  PROCUREMENT  DISTRICTS 
Atlanta  Air  Procurement  District 
47  Exchange  Place,  S.E. 
Atlanta  3,  Ga. 
Jackson  2-4121 
Boston  Air  Procurement  District 
Boston  Army  Terminal 
Boston  10,  Mass. 
Liberty  2-6000 
Newark  Air  Procurement  District 
218  Market  Street 
Newark  2,  N.J. 
Mitchell  3-3434 
New  York  Air  Procurement  District 
7  7  7  East  16th  Street 
New  York  3,  N  Y. 
Spring  7-4200 Orlando  Air  Procurement  District 
Orlando  AFB,  Flo. 
Garden  3-0561 
Philadelphia  Air  Procurement  District 
141 1  Walnut  Street 
Philadelphia  2,  Pa. 
Locust  7-3886 
Richmond  Air  Procurement  District 
P.O.  Box  8868 
Richmond  25,  Va. 
Belmont  3-9861 
Rochester  Air  Procurement  District 
20  Symington  Place 
P.O.  Box  1669 
Rochester  3,  NT. 
Fairview  8-7670 
AIR  FORCE  PLANT  REPRESENTATIVES 
The  Hayes  Corporation 
Birmingham,  Ala. 
592-0011 

(For  Stores  of  Alabama  &  Mississippi) 

Central  Contract 

Management  Region 

ORGANIZATION 
Central  Contract  Management  Region 
Wright-Patterson  AFB,  Ohio 
Clearwater  3-77  7  7 
AIR  PROCUREMENT  DISTRICTS 
Chicago  Air  Procurement  District 
5555  S.  Archer  Avenue 
Chicago  38,  III. 
Reliance  5-3000 
Cleveland  Air  Procurement  District 
7  73  St.  Clair  Avenue 
Cleveland  14,  Ohio 
Cherry  1-7900 
Dallas  Air  Procurement  District 
500  S.  Ervay  Street 
Dallas  1,  Tex. 
Riverside  8-561 1 
Dayton  Air  Procurement  District 
Building  70,  Area  "C Wright-Patterson  AFB,  Ohio 
Clearwater  3-71 1 1 
Detroit  Air  Procurement  District 
6233  Concord  Avenue 
Detroit  7  7,  Mich. 
Walnut  1-4721 

(Continued  on  page  153) 

SffiW©  IE  Report 

Wide  Range  of  Standards 

In  Thermistor  Bolometers 

COMPENSATING 
FLAKE 

Typical  seryotherm  -  infrared  thermistor bolometer  (actual  size) 

Detection  of  radiation  in  the  infrared 
spectrum,  as  fast  as  a  fraction  of  a 
millisecond  response  time,  is  simpli- 

fied by  the  use  of  standard  servo- 
thehm  -  infrared  detectors  and  pre- 

amplifiers. A  typical  thermistor  bo- 
lometer assembly  consists  of  an  active 

flake  which  receives  the  IR  radiation 
and  a  matched  compensating  ele- 

ment, shielded  from  radiation.  The 
two  flakes,  attached  to  a  heat  sink 
which  in  part  determines  sensitivity 
and  speed  of  response,  form  a  bridge 
circuit  compensating  for  changes  in 
ambient  temperature.  A  variety  of 
window  materials  permits  selection 
of  the  specific  spectral  region  to  be 
sensed.  Besides  many  standard  mod- 

els, Servo  also  supplies  custom  bo- 
lometer designs,  including  high-am- 

bient, multi-element,  wide  angle,  and 
immersed  types.  Continuing  ad- 

vances in  production  techniques  have 
reduced  bolometer  costs  while  im- 

proving performance  and  reliability 
characteristics  for  the  most  rigid 
military  requirements. 

From  a  complex  infrared  system 

to  a  simple  infrared  lens . . . 
look  to  the  Servo  solution 

Send  for  new  SERVO/tNFRARED  brochure 
and  handy  file  folder.  Details  Servo's  IR capability  in  depth. 

SERVO  CORPORATION 

OF  AMERICA 
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Advertisers  Index 

AC — The  Electronics  Div., 
General  Motors  Corp.  127 
Agency — D  P.  Brother  &  Co 

A  R  &  T  Electronics,  Inc.,  a  Sub. 
of  Baldwin  Piano  Co.  148 
Agency — S   M   Brooks  Adv.  Agency. Inc. 

Aero  Geo  Astro  Corp.  1  50 
Agency — Charles  N.  Allred 

Aerojet-General  Corp.,  Sub. — 
General  Tire  &  Rubber  Co.  10 
Agency — D'Arcy  Adv.  Co. 

Aeroquip  Corp.  1  35 
Agency — The  Fred  M.  Randall  Co. 

Aerospace  Corp.  3 
Agency — Gaynor  &  Ducas,  Inc. 
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The  Garrett  Corp   137 
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Washington 
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See  A  R  &  T  Electronics,  Inc. 
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Barnes  Engineering  Co.  12 
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&  Holden,  Inc. 

Callery  Chemical  Co.  82 
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Grove,  Inc. 
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Agency — Smith,  Winters  Mobuchi, Inc. 

Chicago  Bridge  &  Iron  Co.  17 
Agency — Ladd,  Wells  &  Southward. Inc. 

Combination  Pump  Valve  Co  0 
Agency — Lindhult  &  Jones  Adv 

Commonwealth  of  Pennsylvania 
Department  of  Commerce  78 
Agency — Bachman,  Kelly  & 

Trautman,  Inc. 
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Consolidated  Electrodynamics 
Corp   76,  77 
Agency — Hixson  &  Jorgensen,  Inc. 

Control  Data,  Computer  Div.  85 

Cosmodyne  Corp.,  The  1  46 
Agency — Graphiques  Internationale 

Cryogenic  Engineering  Co.  16 
Agency — Tallant/Yates  Adv.,  Inc 

Darling  Co.,  R.  E..  1  53 
Agency — G.  Bruce  West  Adv 

Agency,  Inc. 

Defense  Systems  Div. — General 
Motors  Corp   55 
Agency — D.  P.  Brother  &  Co. 

Delco  Radio,  Div. — General 
Motors    Corp.  1  1  0 
Agency — Campbell-Ewald  Co. 

Delta  Air  Lines  96 
Agency — Burke  Dowling  Adams,  Inc. 

W.  C.  Dillon  &  Co.,  Inc   1  45 
Agency — Gordon  L.  Von  Der  Boom, Adv.  Agency 

Dynamics  Research  Corp.  1  8 
Agency — Technical  Marketinq Assoc.,  Inc. 

Edgerton,  Germeshausen 
&  Grier,  Inc.  2  1 
Agency — Reach,  McClinton  & 

Humphrey,  Inc. 

Fenn  Mfg.  Co.,  Aero-Space 
Products  Div.  1  42 
Agency — The  F.  W.  Prelle  Co. 

Fish-Schurman  Corp.  1  44 
Agency — John  O  Powers  Co 

Ford  Instrument  Co.,  Div.  of 
The  Sperry  Rand  Corp.  121 
Agency — Chirurg  &  Cairns,  Inc. 

General  Dynamics 
Convair   26,  27,  28,  29,  30 
Agency — D'Arcy  Adv.  Co. 

B   F.  Goodrich  Aerospace  & 
Defense  Products  48,  49 
Agency — The  Griswold-Eshleman  Co. 

Grove  Valve  &  Regulator  Co. 
Agency — L.  C.  Cole  Co.,  Inc. 

92 

Hallicrafters  Co.,  The  72,  73 
Agency — Henry  B.  Kreer  &  Co.,  Inc. 

Haws  Drinking  Faucet  Co.  104 
Agency — Pacific  Adv.  Staff 

Hughes  Aircraft  Co.  91 
Agency — Foote,  Cone  &  Belding 

Interelectronics   Corp.  141 
Agency — Meyer  &  Behor  Adv  ,  Inc 

Jet  Propulsion  Laboratory  83 
Agency — Hixson  &  Jorgensen,  Inc 

Johns-Manville  Corp.,  Packing  & 
Friction  Materials  Div.  118 
Agency — Cunningham  &  Walsh,  Inc 

Kern  Instruments,  Inc.  1  8 
Agency — Richmond   Adv  Service 

Inc. 

Kollsman  Instruments  Corp., 
Sub. — Standard  Kollsman 
Industries,    Inc   47 
Agency — Gaynor  &  Ducas,  Inc. 

Lewis  Engineering   1  40 
Agency — Herrick,  Gibney,  Hill,  Inc. 

Lincoln  Laboratory — 
Massachusetts  Institute  of 
Technology  1 20 
Agency — Randolph  Assoc. 

Little,  Arthur  D.,  Inc.  13,  15 
Agency — Adtek,  Inc. 

Litton  Industries,  Inc., 
Litton  Systems,  Inc.  126 
Agency — Compton  Adv.,  Inc 

Lockheed  California  Co.        102,  103 
Agency — Hal  Stebbins,  Inc. 

Lockheed  Missiles  &  Space  Co    36,  37 
Agency — Hal  Stebbins,  Inc. 

MIT  Instrumentation  Labs 
Agency — Allied  Adv.  Agency,  Inc. 

The  Marquardt  Corp. 
Agency — Grant  Advertising,  Inc. 

McCormick-Selph   
Agency — Hal  Lawrence,  Inc. 

McDonnell  Aircraft  Corp. 
Agency — John  Patrick  Starrs,  Inc. 

Metal  Bellows  Corp. 
Agency — Spencer-Claire  Associates 

Inc. 

Microdot,  Inc  
Agency — Carson /Roberts /Inc. 

Minnesota  Mining  &  Mfg.  Co., 
Missiles  Industry  Liaison 
Agency — MacManus,  John  &  Adams, Inc. 

Mitre  Corp.,  The  
Agency — The  Bresnick  Co.,  Inc. 

1  49 
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24,  25 

131 

Monsanto  Chemical  Co., 
Organic  Chemical  Div. 
Agency — Gardner  Adv.  Co 

Monsanto  Chemical  Co., 
Plastics  Div  
Agency — Tatham-Loird,  Inc. 

Morehouse  Machine  Co. 

Agency — Atlantic  Industrial Publications,  Inc. 
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National  Jet  Co   150 

North  American  Aviation,  Inc.  60,  61 
Agency — Batten,  Barton,  Durstine 

&  Osborn,  Inc. 

Orbitran  Co.,  Inc   1  40 

Pan  American  World  Airways, 
Inc.,  Guided  Missiles  Range 
Div   67 
Agency — Willard  E.  Botts  Adv.,  Inc 

Philco  Corp.,  Government  Products  50 
Agency — Maxwell  Associates,  Inc 

PneumoDynamics  Corp   35 
Agency — John  E.  Horton  Associates 

Presray  Corp.,  The   66 
Agency — John  S.  Kemble  Adv. 

Raytheon  Co.,  Microwave  & 
Power  Tube  Div  
Agency — Donahue  &  Coe,  Inc. 

Raytheon  &  Co.,  Missile  & 
Space  Div   139 
Agency — Fuller  &  Smith  &  Ross,  Inc. 

Razdow  Labs.,  Inc   147 
Agency — Keyes,  Martin  &  Co. 

Reinforced  Plastics  Dept.  of 
Raybestos-Manhattan,  Inc   84 
Agency — Gray  &  Rogers 

Rust-Oleum   Corp   136 
Agency — O'Grady- Anderson-Gray, Inc. 

Servo  Corp.  of  America  151 
Agency — Smith,  Winters  Mabuchi, Inc. 

Stearns-Rogers  Mfg.  Co   99 
Agency — Mosher,  Reimer,  Williamson 

Adv.  Agency,  Inc. 

Sundstrand  Aviation — Denver,  a 
Div.  of  the  Sundstrand  Corp.       1  9 
Agency — Prescott-Hull,  Inc. 

Technic,  Inc   142 
Agency — Lanning  Associates.  Adv. 

Texas  Instruments,  Inc., 
Apparatus  Div   109 
Agency — Don  L.  Baxter,  Inc. 

Thiokol  Chemical  Corp   59 
Agency — Hicks  &  Greist  Inc. 

H.  I.  Thompson  Fiber  Glass  Co.  2 
Agency — The  Ralph  Yambert 

Organization 

United  Technology  Corp.,  Sub. — 
United  Aircraft  Corp   86 
Agency — Hoefer,  Dieterich  &  Brown, Inc. 

Victor  Equipment  Co   23 
Agency — George  C.  McNutt,  Adv. 

Indianapolis  Air  Procurement  Districi 
7  7  7  2  North  Pennsylvania  Street 
Indianapolis  2,  Ind 
Melrose  2-7551 
Milwaukee  Air  Procurement  District 
770  N.  Plankinton  Avenue 
Milwaukee,  Wis. 
Broadway  2-0358 
St.  Louis  Air  Procurement  District 
7  7  74  Market  Street 
St.  Louis  7 ,  Mo 
Main  7  8100 

Western  Contract 

Management  Region 

ORGANIZATION 
Western  Contract  Management  Region 
Mira  loma  Air  Force  Station 
Mira  Loma,  Calif 
Overland  5-527  7 
(Riverside,  Calif.) 
AIR  PROCUREMENT  DISTRICTS 
Phoenix  Air  Procurement  District 
2875  Sky  Harbor  Blvd Phoenix,  Ariz. 
Bridge  5-5431 
Los  Angeles  Air  Procurement  District 
7  206  S  Maple  Avenue 
Los  Angeles  7  5,  Calif. 
Richmond  9-477  7 
Ogden  Air  Procurement  District Hill  AFB 
Ogden,  Utah 
Taylor  5-527  5 
San  Diego  Air  Procurement  District 

|  Old  San  Diego  Station  #7  548 
San  Diego,  Calif. 

I  Academy  2-0547 San  Francisco  Air  Procurement  District 
Oak/and  Army  Terminal 
Oakland  74,  Calif. 
Twin  Oaks  3-47  00 
AIR  PROCUREMENT  OFFICES 
Denver  Air  Procurement  Office 
3800  York  Street 
Denver  5,  Colo. 
Tabor  5-7  761 
(For  State  of  Colorado) 
Seattle  Air  Procurement  Office 
24600  4th  Avenue  South 
Seattle  4,  Wash 
Maine  4-0360 
(For  States  of  Washington,  Oregon  and  Alaska) 

AEROSPACE  CORP. 
FIELD  OFFICES 

Washington  Office 
William  R.  Hutchins,  Director 
1717  Pennsylvania  Avenue,  N.W. 
Washington,  D.C.  Phone:  STerting  3-5905 
Atlantic  Missile  Range  Office 
Dr.  Robert  E.  Payne,  Director 
P.O.  Box  4007 
Patrick  AFB,  F/a.  Phone.-  Ulster  7-2170 
Pacific  Missile  Range  Office 
Robert  W.  Falconer,  Manager 
P.O.  Box  1821 
Vandenberg  AFB,  Calif. 
Phone:  VAndenberg  8-6734 
San  Francisco  Bay  Area  Office 
Ezra  Kotcher,  Director 
701  Welch  Road 
Palo  Alto,  Calif.  Phone-.  DAvenport  1-5700 
Boston  Area  Office 
Irving  Meisner,  Manager 
1776  Massachusetts  Avenue 
Lexington,  Mass.  Phone.  Volunteer  2-7630 

HIGH  TEMPERATURE  RESISTANCE 
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editorial 

Outlook  for  the  Military  in  Space 

TWO  NEWS  EVENTS  in  the  Soviet  Union  empha- 
size the  importance  of  recent  military  testimony 

before  Congress.  The  launching  on  March  16  of 

another  Sputnik,  together  with  Premier  Khrushchev's simultaneous  boast  of  a  global  rocket,  point  once 
more  to  the  compelling  reasons  behind  the  current 
Air  Force  drive  for  a  larger  space  effort. 

This  issue  is  devoted  to  the  funding,  programs 
and  facilities  for  U.S.  military  space  systems.  When 
viewed  as  a  single  package,  as  it  is  here  for  the  first 
time,  the  military  effort  devoted  to  this  area  becomes 
impressive. 

Already,  the  annual  military  space  budget  is  ap- 
proaching $1.5  billion.  In  the  light  of  programs  now 

nearing  or  in  the  advanced  development  stage,  the 
estimate  of  an  annual  military  space  budget  of  over 
$6  billion  by  1970  is  conservative. 

Industry  and  Air  Force  research  and  develop- 
ment for  space  is,  in  many  areas,  well  ahead  of 

Department  of  Defense  thinking. 
We  are  deeply  concerned  with  DOD's  reluctance to  acknowledge  the  urgent  need  for  an  effective  U.S. 

space  force.  Such  a  force  is  needed  for  control  of 
what  President  Kennedy  has  described  as  a  new 
ocean. 

It  is  axiomatic  in  history  that  the  nation  which 
wants  to  carry  out  peaceful  trade  and  transit  over  an 
ocean  must  be  able  to  dominate  that  ocean  with  its 
military  forces.  What  will  we  do  the  first  time  a 
Barbary  pirate  of  space  knocks  down  one  of  our  satel- 

lites or  captures  one  of  our  orbiting  space  stations? 
That  day  may  not  come.  But  it  is  much  more 

likely  to  come  if  we  are  not  prepared  for  it — and  it 
could  come  much  sooner  than  some  influential  people 
are  willing  to  admit. 

We  think  Assistant  Defense  Secretary  John  Rubel, 
who  is  responsible  for  management  of  DOD  space 
programs,  is  a  frank,  engaging  and  sincere  public 
servant.  We  just  flatly  disagree  with  his  views  on  the 
military  space  role. 

There  are  several  soft  areas  in  our  development 
of  military  space  systems  which  are  causing  concern 
to  knowledgeable  U.S.  military  leaders  today. 

The  Dyna-Soar  program  should  be  stepped  up 
immediately.  The  project  is  basic  to  the  development 
of  a  capability  for  winged  re-entry  from  orbit.  This 
is  the  alternative  to  ballistic  re-entry,  which  one  Air 
Force  officer  describes  as  comparable  to  dumping  a 
Boeing  707  in  the  ocean  after  flying  it  from  Cali- 

fornia to  New  York. 
The  Air  Force  must  have  a  capability  to  take 

oil  from  and  return  to  predetermined  landing  areas. 
Dyna-Soar  will  provide  advanced  technology  for  that 
capability.  Both  military  and  scientific  manned  or- 

bital laboratories  will  require  a  crew  ferry  to  and 
from  the  station.  A  winged  re-entry  vehicle  offers 
more  promise  for  that  mission  than  a  ballistic  vehicle. 

Military  leaders  and  responsible  industry  scientists 
and  technicians  close  to  the  Dyna-Soar  project  say  it 
can  be  accelerated  with  additional  funding.  John 
Rubel  says  that  it  cannot  be  and  should  not  be.  We 
think  he  is  wrong. 

Development  of  large  solid  boosters  has  been 
slowed  to  an  exploration  of  advanced  technology. 
DOD  and  NASA  officials  explain  that  results  of 
static  tests  of  100-inch  solid  boosters  cannot  be  extra- 

polated to  boosters  of  156  inches  and  larger.  They 
conveniently  ignore  similar  jumps  in  liquid  tech- 

nology while  overriding  competent  testimony  from 
industry  and  Air  Force  officials. 

We  side  with  those  who  think  development  of 
large  solids  can  and  should  be  pushed  at  a  faster 
rate.  Large,  quick-reaction  boosters  are  essential  to 
upcoming  military  space  programs.  To  wait  until  a 
specific  military  mission  appears  is  like  waiting  to 
develop  an  aircraft  engine  after  you  have  invented 
the  airplane. 

Communications  satellite  development  is  another 
muddled  area  for  which  DOD  can  be  held  largely 
responsible.  Poor  planning  and  interservice  politics 
are  slowing  development  of  the  effective  command 
and  control  network  which  is  a  must  for  military 
space  operations. 

ON  BALANCE,  however,  the  prospect  is  heart- 
ening. Successful  firing  of  the  Titan  II  and 

budget  planning  for  Titan  III  are  encouraging  and 
offer  hope  of  more  emphasis  for  Dyna-Soar.  Inte- 

gration of  Air  Force  and  NASA  efforts  in  the  ren- 
dezvous and  lunar  programs  is  a  large  step  forward 

for  military  space  programing.  The  Discoverer  pro- 
gram is  an  outstanding  success  and  its  two  snooping 

offspring — Samos  and  Midas — are  adequately  funded. 
Congress  is  becoming  increasingly  aware  of  the 

need  for  military  operations  in  space,  both  manned 
and  unmanned.  And  the  Administration  seems  to  be 
learning  that  it  must  lend  a  military  emphasis  to  its 
purely  scientific  space  program  to  obtain  full  backing 
from  the  Hill. 

These  signs  all  bode  well  for  the  military  space 
systems  discussed  in  this  issue. 

William  J.  Coughlin 
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WELDED  DIAPHRAGM 

METAL  BELLOWS 

Here  is  a  graphic  illustration  of  the  unique  advan- 
tages offered  by  welded  diaphragm  metal  bellows  as 

compared  to  conventional  bellows: 

Conventional  Bellows  vs.  Welded  Diaphragm  Metal  Bellows 

CB WDMB 

1.  Diaphragm  Shape II  O  0 

2.  Effective  Area ±4% ±1% 

3.  Spring  Rate ±20% ±10% 

4.  Materials Ductile  metals All  weldable  metals 

5.  Life Erratic 
Predictable  and 
consistent 

6.  Stroke  to  solid 
height  ratio 1/1 3/1  to  10/1 

Depending  on  0D- ID  relationship 

7.  Free  Length 

±J<6" ±.005" 

What  Do  They  Really  Cost? 

Right  at  the  outset,  let's  face  the  fact  that  in many  installations  these  modern  bellows  initially 
cost  more  than  conventional  bellows. 

Having  presented  this  apparently  negative  in- 
formation, let's  see  why  welded  diaphragm  metal bellows  are  finding  a  wider  acceptance  year  after 

year. 
From  the  value  engineer's  viewpoint,  the  "cost 

of  the  function"  is  his  primary  consideration.  It  is 
a  fact  that  the  total  "cost  of  the  function"  is  often 
reduced  by  the  built-in  characteristics  of  welded 
diaphragm  metal  bellows.  These  characteristics 
include  reliability,  uniformity,  repeatability,  and 
generally  superior  performance  which  make  the 
higher  initial  cost  a  lower  final  cost.  For  example, 
the  uniformity  of  bellows  effective  area  makes  it 
unnecessary  to  select  bellows  for  matched  sets; 
the  repeatability  eliminates  drift  problems  so  that 
once  an  instrument  is  calibrated,  it  does  not  have 
to  be  recalibrated;  and  the  all  welded  construction 
rules  out  the  possibility  of  non-welded  joints  fail- 

ing when  the  bellows  is  soldered  or  brazed  into 
the  final  assembly. 

Metal  Bellows  Corporation,  pioneer  manufacturer  in  the 
welded  diaphragm  metal  bellows  industry  can  deliver  the 
most  extensive  designing  and  manufacturing  facilities 
available  anywhere  in  the  world.  Completely  new  designs 
are  normally  converted  to  hardware  in  6  weeks.  Call  on 
East  or  West  Coast  plants  for  complete  engineering  and 
production  services. 

Send  for  the  brochure  "Design  Data  —  Welded  Dia- 
phragm Metal  Bellows" 

103     MICA     LANE,     WELLESLEY     HILLS     82,     MASS.,    Pacific    Division,    20979    Knapp    Street,    Chatsworth,    L.    A.,  California 
Circle  No.  2  on  Subscriber  Service  Card 



THE  GATEWAY  TO  THE  WEST  has  become 
the  Gateway  to  Space.  The  spirit  of  St.  Louis 
first  turned  pioneers  westward  in  a  struggle  that 
unlocked  half  a  continent.  It  nourished  the  practi- 

cal dreams  of  Charles  Lindbergh  and  he  opened 
an  ocean  and  an  era.  The  spirit  of  St.  Louis  has 
now  spread  through  all  America,  charting  the 
course  for  a  great  new  American  enterprise. 

Mercury  Spacecraft,  designed  and  built  in  St. 
Louis,  have  carried  Astronauts  Shepard,  Grissom 
and  Glenn  on  their  history-making  flights.  As 
this  new  national  enterprise  reaches  toward  the 
moon,  it  deserves  the  enthusiasm  and  support 
of  every  American.  For  the  historic  achievements 
of  nations  are  but  reflections  of  the  courage  of 
individual  citizens  who  rise  to  meet  great  challenges. 

MCDONNELL 

Designers  and  builders  of  Project  Mercury  Spacecraft  for  the 
NATIONAL  AERONAUTICS  and  SPACE  ADMINISTRATION 

CMplMCCDO       OOICMTIOTO       PUVC|P|CTQ»  F°r  information  on  the  outstanding  employment  opportunities  that  now  exist  at 
'  I  IOIO,     r  n  I  O  I  Is  I  O  I  O  •  McDonnell,  complete  and  mail  the  postage  paid  resume  card  opposite  this  page. 

Circle  No.  3  on  Subscriber  Service  Card 
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BOEING  OPENINGS  FOR  ELECTRONIC/ ELECTRICAL  ENGINEERS 

Boeing's  Aero-Space  Division,  holder  of  major  contracts  on  such 
advanced  space  programs  as  Saturn,  Dyna-Soar  and  Minuteman, 
has  a  number  of  immediate,  long-range  openings  offering  pro- 

fessional challenge,  and  in  many  instances, 
unique  ground-floor  opportunities  in  new- 

ly-formed divisional  organizations. 
Electronic/Electrical  engineering 
assignments  are  available  in  many  areas, 
including  the  design  of  electronic  equip- 

ment, the  development  of  improved  de- 
sign techniques,  electronic  parts,  electron- 

ic packaging  techniques  and  the  design 
and  development  of  improved  electronic 
systems. 
Salaries  are  commensurate  with  all  levels 
of  education  and  experience.  Minimum 
requirements  are  a  B.S.  degree  in  any 

applicable  scientific  discipline.  Most  of  the  assignments  are  in  the 
uncongested  Pacific  Northwest,  offering  outstanding  family  living 
and  recreational  advantages. 

Send  your  resume,  today,  to  Mr.  Carl  Ander- 
son, The  Boeing  Company,  P.O.  Box  3707- 

MRP,  Seattle  21,  Washington.  The  Boeing 
Company  is  an  equal  opportunity  employer. 

P.S.  Seattle  is  the  scene,  April  21  to  Octo- 
ber 21,  of  the  science-oriented  Century  21 

World's  Fair.  The  Fair's  Boeing-sponsored 
Spacearium  in  the  Science  Pavilion  oilers 
simulated  llights  through  outer  space. 
Fair  visitors  are  invited  to  stop  in  at  the 
Boeing  Professional  Employment  Infor- 

mation Center,  near  the  Fair's  Science Pavilion  entrance. 

Divisions:  Military  Aircraft  Systems  •   Transport  •  Vertol   •   AERO-SPACE  .  Industrial  Products  — Boeing  Scientific  Research  Laboratories 



purposeful  imagination ....  in  form 

The  men  of  Aerospace  exercise  high  technical  competence  and  constructive  imagination  in  the  creation  and  assessment  of  form 

and  configuration  for  advanced  ballistic  missile  and  space  systems.  □  As  a  partner  of  the  Air  Force-science-industry  team, 

Aerospace  Corporation  is  chartered  exclusively  to  serve  the  United  States  Government  in  this  mission.  The  men  of  Aerospace 

provide  advanced  systems  analysis  and  planning;  theoretical  and  experimental  research;  general  systems  engineering  and 

corresponding  technical  direction  of  programs.  □  Through  concept,  research,  development  and  completed  mission  the  men  of 

Aerospace  improve  the  form  of  components,  equipments,  and  systems.  Trade-offs  and  interface  considerations  are  objectively 

appraised  on  the  basis  of  performance,  reliability,  and  cost.  □  Men  with  the  depth  and  breadth  of  experience  required  to 

solve  these  interdisciplinary  problems  are  needed  by  Aerospace  Corporation,  an  equal  opportunity  employer.  Highly  skilled 

engineers  and  scientists  with  advanced  degrees  are  invited  to  contact  Mr.  George  Herndon,  Room  105,  Aerospace  Corporation, 

P.  O.  Box  95081,  Los  Angeles  45,  California,  n  Organized  in  the  public  ̂  — ^     .        -__  — .  ~        .  /"IT"1 
interest  and  dedicated  to  providing  objective  leadership  in  the  advancement 

and  application  of  science  and  technology  for  the  United  States  Government. 



Problem  for  you: 

Soft  land 

this  vehicle  on 

the  moon 

CONTROLS  ENGINEERS.  Concerns 
airborne  computers  and  other  controls  re 
lated  areas  for:  missiles  and  space  vehicles 
satellites,  radar  tracking,  control  circuitry 
control  systems,  control  techniques,  tran 
sistorized  equalization  networks  and  con 
trol  servomechanisms. 

CIRCUIT  DESIGNERS.  Involves 
analysis  and  synthesis  of  systems  for:  tele- 

metering and  command  circuits  for  space 
vehicles,  high  efficiency  power  supplies 
for  airborne  and  space  electronic  systems, 
space  command,  space  television,  guid- 

ance and  control  systems,  and  many  others. 

This  spacecraft  is  SURVEYOR,  one  of  the  many  important  pro- 

jects now  under  way  at  Hughes.  It  will  "soft"  land  on  the  moon 
sometime  in  1963.  Its  mission:  to  pierce  and  analyze  the  moon's 
surface;  to  transmit  back  to  earth  high  quality  television  pictures; 

and  to  measure  the  moon's  magnetic  and  radiation  characteristics. 
To  accomplish  these  demanding  objectives,  Project  Surveyor  re- 

quires the  talents  of  many  imaginative  junior  and  senior  engineers 
and  physicists  to  augment  its  outstanding  staff.  A  degree  from  an 
accredited  university  and  U.S.  citizenship  are  required.  Experience 
in  Aerospace  Vehicles  is  preferred  but  not  necessary.  A  few  of  the 

openings  include: 

INFRARED    SPECIALISTS.  To 
perform  systems  analysis  and  preliminary 
design  in  infrared  activities  for  satellite  de- 

tection and  identification,  air-to-air  missiles, 
AICBM,  infrared  range  measurement,  air- 
to-air  detection  search  sets,  optical  sys- 

tems, detection  cryogenics  and  others. 

SYSTEMS  ANALYSTS. 
To  consider  such  basic  prob- 

lems as:  requirements  of 
manned  space  flight;  auto- 

matic target  recognition  re- 
quirements for  unmanned 

satellites  or  high  speed  strike 

reconnaissance  systems;  IR  systems  re- 
quirements for  ballistic  missile  defense.  In- 

quire today.  Please  airmail  your  resume  to: 
Mr.  Robert  A.  Martin, 
Supervisor  of  Scientific  Employment, 
Hughes  Aerospace  Divisions, 
11940  W.  Jefferson  Blvd., 

Culver  City  21,  California. 
We  promise  a  reply 
within  one  week. 

creating  a  new  world  with  electronics 
I  1 

HUGHES 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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letters 

The  Patent  Debate 
To  the  Editor: 

Your  Feb.  26  issue  carried  a  letter 
headed  "Small  Business  Apathy?",  signed 
by  Louis  L.  Orenbuch  of  Boston. 

We  take  violent  exception  to  the  writ- 
er's objection  to  the  DOD  policy  of  per- 

mitting military  contractors  to  retain  com- 
mercial rights  in  inventions.  His  premise 

that  most  of  the  Department  of  Defense 
R&D  goes  to  big  business  is  very  prob- 

ably true.  However,  there  is  no  single 
large  development  contractor  who  does 
not  include  a  great  many  property  parts 
owned  and  developed  by  small  business 
subcontractors.  If  DOD  is  forced  to 
change  its  policy  of  allowing  contractors 
to  retain  their  patent  rights,  this  will  also 
force  them  to  require  of  subcontractors  all 
patent  rights,  proprietary  rights  and  know- 
how — and  will  be  most  injurious  to  small 
business. 

I  have  no  idea  what  business  Mr.  Oren- 
buch may  be  in,  but  most  evidently  he 

cannot  be  in  the  business  of  filling  de- 
fense contracts,  on  either  a  prime  or  a 

subcontracting  basis.  As  an  alternative,  if 
he  is  in  the  defense,  he  most  obviously 
does  not  have  the  brain  power  at  his  dis- 

posal to  develop  any  patentable  items  of 
his  own. 

D.  L.  Leavitt 
President 
AIRATERRA 
Glendale,  Calif. 

To  the  Editor: 
Re:  Patents  and  their  relation  to  the 

individual,  the  company  and  the  govern- ment. 

The  case  in  point  is  where  the  indi- 
vidual has  assigned  his  rights  to  claims 

for  patent  to  the  company  for  monetary  or 
other  considerations,  and  the  company  in 
turn  has  used  the  assignment  in  the  pro- 

duction of  goods  that  have  been  sold  to 
the  government. 

This,  then,  has  set  the  precedent  for 
the  relationship  the  government  can  as- 

sume with  the  company  (an  assignment  of 
claims  of  patent  corresponding  to  that  be- 

tween company  and  individual). 
There  is  only  one  way  to  correct  this 

situation  to  protect  the  rights  of  the  indi- 
vidual: remove  all  assignment  agreements 

— past,  present  and  future — between  the 
individual  and  the  company,  and  replace 
them  with  licensing  agreements  for  the 
right  to  manufacture.  Since  the  govern- 

ment is  not  directly  involved  in  the  man- 
ufacturing business,  the  individual's  bene- fits from  his  claims  of  patent  will  be 

protected. 
The  licensing  agreements  should  be  in 

two  parts:  first,  an  agreement  of  intent  to 
license  prior  to  awarding  the  claims  of 
patent;  second,  the  actual  licensing  agree- 

ment after  awarding  of  claims  of  patent. 
N.  A.  Norene,  Owner 
Engineering  Service  Co. Seattle 

Space  Catharsis 
To  the  Editor: 

Mr.  Saunders  B.  Kramer's  letter  criti- 
cizing those  who  would  oppose  man's  di- rect exploration  of  space  (M/R,  March  5) 

might  also  have  included  one  of  my  pet 
irritations. 

During  the  past  5  years  that  I  have 
been  doing  research  on  astronomical  prob- 

lems for  industry,  and  consulting  with 
various  authorities,  I  have  become  thor- 

oughly dismayed  with  the  confusing  array 
of  controversial  data  and  opinionated 
writings  of  our  more  prominent  members 
of  the  astronomical  hierarchy  who  often 
vehemently  disagree  with  each  other  on 
many  facets  of  their  kindred  works. 

No  greater  evidence  of  this  can  be 
obtained  than  the  opinionated  papers  I 
have  studied  involving  the  nature  of  the 
lunar  surface  and  its  physiography — not  to 
mention  such  a  subject  as  What  Is  A 
Comet? — a  matter  that  is  tossed  around 
by  the  theoreticians  without  much  agree- ment. 

The  striking  and  real  difference  between 
today's  youthful  scientists  and  our  older 
theoreticians  (academicians,  to  use  a  Rus- 

sian term)  is  that  today's  scientists  are empiricists,  a  pragmatic  lot  who  must  be 
shown.  For  example,  we  want  to  analyze 
the  lunar  surface  directly,  for  by  no  so- 

phistry of  the  imagination  can  we  ever 
really  know  the  true  nature  of  the  moon 
.  .  .  until  we  explore  first-hand. 

It  has  been  the  lack  of  laboratory 
equipment,  namely  space  probes  with  in- struments, that  has  kept  astronomy  largely 
on  the  theoretical  side.  We  had  no  idea 
of  a  Van  Allen  Belt  until  we  orbited 
satellites.  We  theorized  that  perhaps  the 
earth's  magnetic  field  did  trap  particle 
radiations  from  the  sun,  but  we  had  no 
idea  of  the  intensity,  frequency  or  distri- bution of  these  radiations  .  .  . 

Future  astronomical  papers  will  be  far 
more  objective  in  content  and  extrapola- 

tions— which  is  perhaps  why  many  theo- 
reticians are  opposed  to  the  direct  explora- 

tion of  space  by  man.  Their  precious 
theories  might  be  completely  squelched — 
these  scientists  who  now  write  and  act  as 
though  they  assisted  God  with  the  crea- 

tion of  the  Universe! 
I  want  to  see  man  explore  space,  not 

only  for  the  sake  of  knowledge  and  ma- 
terial application,  but  for  philosophic 

reasons.  When  the  first  airplane  lifted 
from  the  ground,  the  Tower  of  Babel  fell. 
What  other  myths  and  dogmas  might  fold 
when  man  begins  to  directly  explore  the 
cosmos?  The  necessary  revisions  of  our 
social  behavior,  moral  attitudes  and  re- 

ligious thinking  might  take  on  the  effects 
of  mental  purgatives — cleaning  us  and 
bringing  mankind  a  little  closer  together. 
But,  as  T.  Huxley  said  of  scientific  truths, 
the  yet-to-be-learned  ones  may  "sear  the 

eyeballs." 
Ray  Benton Baltimore 
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The  Countdown 

WASHINGTON 

GAO  Says  McDonnell  Contract  A-OK 
Government  Accounting  Office  has  given  the  NASA 

contract  with  McDonnell  Aircraft  Corp.  for  the  Mercury 
capsule  an  A-OK  rating.  The  capsules  cost  twice  the 
original  estimate  of  $400  milhon.  The  review  is  the  first 
result  of  a  GAO  step-up  in  monitoring  of  NASA  contracts. 

Centaur  Launch  Slips  Further 

First  launch  of  Centaur  now  is  set  for  April  6.  Slip- 
page of  another  week  followed  a  systems  integration 

checkout  of  the  A /to-based  upper  stage  prior  to  its  sched- 
uled March  29  firing.  Second  launch  of  the  Saturn  booster 

now  is  set  for  April  23.  Further  slippage  in  both  pro- 
grams is  expected.  (For  Centaur  guidance  story,  see 

p.  22). 

A  Week  Away  in  Space 

Crewmen  on  the  first  Gemini  rendezvous  flight  are 
expected  to  be  in  orbit  about  a  week.  NASA  says  the 
long-duration  flight  probably  will  be  required  in  order 
to  launch  the  Agena  B  vehicle  in  the  time  period  and 
precise  orbit  needed. 

NASA  Construction  Spending  Up 

NASA  will  spend  well  over  $500  million  annually 
on  new  construction  for  the  next  four  or  five  years, 
according  to  the  Army  Corps  of  Engineers.  Biggest  job 
will  be  the  Mississippi  Test  Facility,  where  five  test  stands 
in  the  4-to-5-million-lb. -thrust  class,  four  stands  in  the 
12-million-lb.  class,  and  two  stands  in  the  22-million-lb. 
class  will  be  built. 

Small  AF  Office  in  NASA  Liaison 

The  liaison  office  which  Air  Force  Systems  Command 

is  setting  up  to  work  with  NASA's  Manned  Space  Flight 
Project  Office  on  the  lunar  program  will  have  a  staff  of 
25,  including  one  general  officer  and  nine  senior  officers. 

Those  Skyrocketing  Skybolt  Costs 

Cost  of  Skybolt  ALBM  program,  originally  estimated 
at  $170  million,  now  is  closer  to  $493  million.  (M/R. 
March  12,  p.  9).  Defense  Secretary  McNamara  admitted 
to  the  House  Defense  Appropriations  subcommittee  that 
he  was  "very  embarrassed"  to  see  costs  rise  far  above 
estimates.  He  assured  the  committee  DOD  is  giving  con- 

siderable attention  to  improvement  of  cost  estimating 
procedures. 

Army  Planning  Missile  Air  Cavalry 

Army  officials  are  moving  quickly  to  create  missile- 
equipped  helicopter-borne  "Air  Cavalry"  units  capable 
of  offensive  action  against  ground  targets.  The  first  unit, 
being  formed  at  Fort  Knox,  Ky.,  will  have  a  platoon  of 
helicopters  equipped  with  machine  guns,  rockets  and 
wire-guided  antitank  missiles. 

INDUSTRY 

INS  Passes  Rugged  Shock  Test 

The  Inertial  Navigation  System  in  Fairchild  Stratos" AN/  USDS  high-performance  drone  was  recovered  from 
the  rubble  following  a  booster  explosion  which  destroyed 
the  drone  on  launch  early  last  month  at  the  Yuma  Test 
Range  in  Arizona.  Shipped  back  to  the  Minneapolis- 
Honeywell  Aero  Division  plant  at  St.  Petersburg.  Fla.,  it 
has  been  thoroughly  checked  out  and  will  be  used  again. 
Only  reported  damage:  that  suffered  by  the  computer 
input/ output  unit  and  the  exterior  finish  on  electronic 
subsystems. 

Ranger  Set  to  Try  Again 

Ranger  IV  lunar-landing  mission  is  scheduled  for 
launching  from  Cape  Canaveral  late  this  month.  One 
significant  change  since  the  last  attempt:  an  automatic 
ground  control  switch  will  be  used  to  back  up  Atlas 
engine  cutoff.  It  is  hoped  this  will  prevent  the  long 
burning  time  which  marred  the  Ranger  III  flight  in  Jan- uary. 

Scout  Launch  Equipment  Delivered  to  PMR 
Launch  equipment  for  the  firing  of  Scout  from  the 

Pacific  Missile  Range  has  been  delivered  to  PMR  by 
Ling-Temco-Vought.  To  be  used  in  support  of  both  AF 
and  NASA  launches,  the  equipment  is  expected  to  support 
launches  as  frequently  as  twice  a  month — thanks  to  an 
improved  assembly  and  checkout  system. 

Disagreement  Delayed  Titan  III 
Industry  sources  say  a  NASA-DOD  disagreement 

delayed  initiation  of  the  Titan  III  space  booster  program 
for  a  period  of  three  to  four  months.  NASA  was  seeking 
what  has  been  termed  a  "Titan  2V2"  while  DOD  was 
holding  out  for  Titan  III.  Due  to  the  joint  launch  vehicle 
agreement  of  last  year,  neither  could  proceed  without  the 
written  consent  of  the  other. 

INTERNATIONAL 

International  Satellite  Shots  Upcoming 

NASA's  international  satellite  program  will  move 
into  high  gear  this  month  with  the  launch  of  the  S-51 
satellite  set  for  April  10.  Following  in  mid-1963  will  be 
the  S-52  satellite  for  which  Westinghouse  recently  was 
awarded  a  $1 -million  contract.  Both  satellites  are  being 
launched  in  cooperation  with  the  United  Kingdom  and 
both  will  conduct  scientific  measurements  of  various 

space  phenomena. 

Manned  Space  Vehicle  Studied  in  UK 

Britain's  Ministry  of  Aviation,  Ministry  of  Defense. 
Air  Ministry  and  Bristol  Siddeley  Engines  Ltd.  are  work- 

ing on  design  for  an  Aerospace  plane-type  manned 
space  vehicle.  Technical  studies,  including  wind  tunnel 
tests,  have  been  carried  out  at  the  Royal  Aircraft  Estab- 

lishment, Farnborough.  Gas  turbines  would  be  used  for 
vertical  takeoff  with  advanced  ramjets  taking  over  for 
acceleration  to  half-orbital  speed.  Rocket  engines  then 
would  be  employed  for  the  space  mission. 
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Questions 

and 

Answers 

about  the 

GLOBAL 

COMMUNICATIONS 

CAPABILITIES 

of 

RCA 

What  capabilities?  From  which  subsidiary  of 
RCA? 

From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications  . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  -  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities 
available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Moit  Trusted  Name  in  Communication! 

The  Missile / Space  Week 

Space  Pact  Efforts  Start 

First  concrete  efforts  toward 
U.S. -Soviet  space  cooperation  were 
under  way  in  Geneva  last  week  while 
secrecy  shrouded  early  talks  at  the 
United  Nations. 

Dr.  Harry  Wexler,  Director  of 
Meteorological  Research  for  the  U.S. 
Weather  Bureau,  is  in  Geneva  pre- 

paring for  a  May  29  meeting  of  the 
World  Meteorological  Organization. 
A  top  Russian  scientist,  like  Wexler 
a  member  of  the  WMO  secretariat, 
was  in  the  same  city  helping  to  lay 
the  groundwork  for  the  meeting. 

Informed  sources  report  the  U.S. 
and  USSR  representatives  are  also 
discussing  cooperation  in  the  weather 
satellite  area. 

In  New  York,  members  of  both 
delegations  were  tightlipped  last 
week  regarding  exploratory  talks  be- 

tween NASA's  Dr.  Hugh  L.  Dryden 
and  Dr.  Anatoli  A.  Blagonravov  of 
the  Soviet  Academy  of  Sciences. 

The  bilateral  discussions  are 
aimed  at  detailing  the  seven  areas 
of  possible  cooperative  space  efforts 
proposed  by  President  Kennedy  in 
recent  correspondence  with  Premier 
Khrushchev. 

The  UN's  28-member-nation  com- 
mittee on  outer  space  was  meeting  at 

the  same  time. 

AF  Shifts  Rumored 

Air  Force  has  denied  reports  that 
Secretary  Eugene  M.  Zuckert  and 
Chief  of  Staff  Gen.  Curtis  LeMay  will 
resign  or  retire  soon. 

Several  other  shifts  in  a  top-level 
AF  reorganization  are  said  to  be  in 
the  offing: 

•  Assignment  of  Maj.  Gen.  O.  J. 
Ritland,  commander  of  the  Space 
Systems  Division  in  AF  Systems 
Command,  to  AFSC  headquarters  as 
Deputy  Commander  for  Manned 
Space  Flight  within  the  "next  30-45 

days." 

•  Upgrading  of  SSD  to  the  level 
of  an  Air  Force,  with  consequent  in- 

creases in  power  and  prestige.  The 
new  Air  Force  would  be  called  "The 
Military  Space  Force." 

•  Assignment  of  Lt.  Gen.  H.  M. 
Estes,  presently  Deputy  Commander 
for  Aerospace  Systems  in  AFSC,  to 
replace  Gen.  Ritland  if  SSD  is  up- 

graded. Otherwise,  Estes  is  expected 
to  be  assigned  to  a  space  program 
post  in  the  Pentagon. 

The  changes  are  said  to  have  been 

discussed  at  a  meeting  at  Ramey 
AFB,  Puerto  Rico,  called  by  Gen. 
LeMay  early  in  March. 

The  Air  Force  declined  to  confirm 
or  deny  the  changes,  under  its  policy 
of  not  announcing  personnel  or  or- 

ganizational changes  until  they  take 

place. Shots  of  the  Week 

President  Kennedy  became  the 
first  U.S.  chief  executive  to  see  an 
ICBM  launched  when  he  watched  an 
Atlas  fired  from  Vandenberg  AFB 
on  March  23. 

In  an  operational  readiness  fir- 
ing the  Convair  Atlas  successfully 

reached  its  target  in  the  Pacific 
Ocean.  It  impacted  eight-tenths  of 
a  mile  from  its  predicted  impact 

point. 

Circle  No.  2  on  Subscriber  Service  Cord 

UTC  Filament-wound  Test 

UNITED  TECHNOLOGY  CORP.  dem- 
onstrated practicality  of  large  segmented 

filament-wound  motors  with  successful  fir- 
ing of  1 2, 000-lb. -thrust  glass-wrapped, 

three  segment  rocket.  Walls  were  cool  to 
touch  after  12-sec.  test  in  UTC-wound 
case  assembly.  No  details  on  joints  were 
disclosed,  but  process  does  not  involve 
metal-to-glass  bonding.  Nozzle  is  inside  top 
portion  of  case  in  this  photo.  Test  engine 
was  5  ft.  long  and  2  ft.  in  diameter. 
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•  Minuteman  scored  its  seventh 
consecutive  success  March  23  when 
it  was  launched  from  its  under- 

ground silo  and  impacted  more  than 
4000  miles  downrange  from  Cape 
Canaveral. 

Objectives  of  the  first  night  flight 
of  the  solid-fueled  Boeing  ICBM  were 
to  evaluate  silo  environment  and 
launch  characteristics  of  the  opera- 

tional configuration. 
•  A  biological  package  was  suc- 

cessfully launched  and  recovered  in 
the  nose  cone  of  a  meteorological 
rocket  March  16,  Pacific  Missile 
Range  authorities  reported.  Purpose 
of  the  test  was  to  determine  the 
effect  of  primary  cosmic  radiation  on 
living  matter. 

•  NASA  launched  two  sodium 
vapor  rockets  from  Wallops  Island  to 
study  atmospheric  effects  at  high 
altitudes. 

Avco  To  Make  Apollo  Shield 

Avco  Corp.  will  design  and  build 
the  heat  shield  to  protect  the  crew  of 
the  Apollo  spacecraft  from  re-entry 
heating. 

Selection  of  Avco  for  the  con- 
tract— expected  to  exceed  $8  million 

— was  announced  by  North  American 
Aviation's  Space  and  Information 
Systems  Division,  principal  Apollo 
spacecraft  contractor  for  NASA. 

Avco  President  James  R.  Kerr 
said  that  charring  plastics  will  be 
used  in  the  heat  shield.  The  Apollo 
will  re-enter  the  earth's  atmosphere 
at  approximately  25,000  miles  per 
hour  after  taking  the  first  Americans 
in  scientific  exploration  to  the  moon. 

Senate  ComSat  Bill  Emerges 

Administration  officials  have 
voiced  general  approval  of  a  Senate 
bill  to  set  up  a  commercial  commu- 

nications satellite  system. 
The  measure  was  reported  by  the 

Senate  Space  Committee  and  is  up 
for  public  hearings  before  the  Senate 
Commerce  Committee. 

The  compromise  legislation  in- 
cludes the  provision  deemed  most 

important  by  the  Administration — 
broadly  based  ownership.  Fifty  per- 

cent of  the  common  stock  would  be 
owned  by  U.S.  communications  car- 

riers; the  rest  would  be  sold  only  to 
the  public,  except  that  foreign  gov- 

ernments might  buy  a  total  of  20%. 

Correction 
On  p.  9  of  the  March  19  issue, 

Missiles  and  Rockets  inadvertently 
referred  to  the  Rocketdyne  M-l  engine. 
Contract  for  the  M-l  engine  is,  of 
course,  held  by  Aerojet-General  Corp. 

PRECISION  GIMBAL  ANGLE  ENCOD 

ATTITUDE 

AN      NERTIAL  SYSTEM 

The  Wayne-George  DIGISYN®  Type  RI-15S  measures 
gimbal  angles  in  attitude  reference,  inertial  guidance  and 
similar  platforms  with  accuracies  to  40  seconds  of  arc. 

Associated  solid  state  electronics  occupying  less  than  10  cubic  inches 
provide  high-level  pulses,  one  pulse  for  each  40  seconds  of  arc,  which 
may  be  counted  to  give  a  direct  digital  representation  of  angle.  Self- 
contained  direction  sensing  logic  provides  pulses  on  one  of  two  lines 
depending  on  direction  of  rotation.  A  third  line  provides  a  zero  index  for 
resetting  a  reversible  counter.  The  precision,  hollow  encoder  bearing  may 
be  used  as  a  gimbal  support  in  most  platform  applications. 
In  addition  to  greater  accuracy  and  reliability,  savings  in  weight  and  space 
over  synchro-to-digital  systems  can  be  realized  with  the  Type  RI-15S 
pancake  encoder. 

Wayne-George's  experience  in  the  design  and  production  of  angle  encoders 
and  pulse  tachometers  for  a  wide  variety  of  applications  is  available  to 
meet  your  special  requirements. 

LJLJ' ^13 

Write  for  Technical  Literature 

WAYNE-GEORGE  CORPORATION 
322  Needham  Street,  Newton  64,  Mass. 
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New  hearings  set . . 

Congress  Probes  NASA-AF  Disputes 

Two  agencies  are  sharply  at  odds  over  location 
by  Hal  Taylor 

of  Titan  III  pads  and  pace  of  funding  tor  big  solids 

CONGRESS  is  turning  its  gun  on 
two  sharp  NASA-Air  Force  disputes — 
over  the  Atlantic  Missile  Range  and 
more  funding  for  large  solid  booster 
development. 

The  AMR  disagreement  concerns 
location  of  the  Air  Force's  launch  com- 

plex for  the  Titan  III  booster. 
The  Air  Force  wants  to  build  the 

three  Titan  pads  in  the  new  NASA  land 
acquisition  at  Cape  Canaveral  between 
the  space  agency's  Advanced  Saturn and  Nova  launch  facilities. 

NASA  has  nixed  the  idea. 
Instead,  it  has  proposed  that  the 

pads  be  constructed  behind  the  moon 
launch  complexes — even  though  the  lo- 

cation would  present  "over-flight"  prob- lems. 
Reportedly,  the  chances  for  settling 

the  dispute  in  the  near  future  are  un- 
likely. This  could  mean  a  real  delay 

in  both  agencies'  space  programs — in 
which  launch  facilities  are  the  pacing 
items. 

The  disagreement  was  revealed  when 
a  House  Space  Subcommittee  ordered 
a  closed-door  executive  session  to  delve 
into  the  problem.  Slated  to  testify  were 
Gen.  Bernard  Schriever,  Commander 
of  the  Air  Force  Systems  Command; 
Dr.  Robert  C.  Seamans,  Associate 
NASA  Administrator;  and  D.  Brainerd 
Holmes,  Director  of  NASA's  Office  of 
Manned  Space  Flight. 

The  hearing  was  scheduled  follow- 
ing a  subcommittee  field  trip  to  Cape 

Canaveral. 
"We  found,"  one  subcommittee  mem- 

ber told  M/R,  "that  we  need  more  fir- 
ing sites  than  we've  got  room  for." Some  people  (NASA  and  certain 

other  scientists)  feel  that  "over-flights" 
are  necessary  if  all  the  needed  launch 
facilities  are  to  be  built  at  AMR. 

Air  Force  officers  contend  that  over- 
flight by  the  giant  Titan  III  boosters 

would  present  almost  impossible  safety 
problems.  In  addition,  it  is  believed 
that  the  Titan  III  fuel  would  be  toxic 
and  thus  have  a  corrosive  effect  on  any 
building  or  equipment  over  which  it 
flew. 

The  basic  NASA  position  is  that  it 
does  not  want  its  two  possible  launch 
sites  for  the  lunar  landing  mission  split 

up.  There  is  also  a  question  as  to 
whether  there  is  enough  room  for  all 
three  facilities. 

A  proposal  has  been  made  to  build 
NASA's  large  Nova  pads  behind  the 
other  facilities,  apparently  because  these 
will  be  needed  much  later  than  the  Titan 
III  and  Advanced  Saturn  sites. 

•  Booster  emphasis — The  problem 
of  funding  for  the  large  solid  booster 
development  is  not  so  much  a  dispute 
as  it  is  a  difference  in  emphasis. 

The  Air  Force  wants  development 
speeded  up.  NASA  is  satisfied  to  put 
most  of  its  eggs  on  large  liquid  engines 
for  direct  manned  flights  to  the  moon. 

Schriever  told  the  House  Space 
Committee  on  Advanced  Research  and 
Technology  last  week  that  not  enough 
money  is  being  requested  for  large  solid 

booster  development  in  Fiscal  '63. 
He  was  supported  by  two  top  offi- 

cials of  Hercules  Powder  Co.  and 
United  Technology  Corp. 

The  subcommittee  requested  that 
Schriever  appear  again  before  the  com- 

mittee this  week.  He  is  slated  to  tell  the 
committee  how  much  full-scale  devel- 

opment of  the  large  launch  vehicles 
would  cost.  NASA,  in  turn,  will  be 
given  an  opportunity  to  state  its  posi- 

tion. Holmes  and  Milton  R.  Rosen, 

who  directs  NASA's  large  launch  ve- hicle program,  will  probably  testify. 
Holmes  last  week  kicked  off  detailed 

hearings  on  the  manned  lunar  landing 
program  when  he  told  the  Subcommit- 

tee on  Manned  Space  Flight  that  Proj- 
ect Apollo  would  involve  the  partici- 

pation of  hundreds  of  thousands  of 
Americans  and  thousands  of  U.S.  firms. 
Other  important  testimony  on  propul- 

sion technology  was  given  by  John  H. 
Sloop,  director  of  NASA's  propulsion 
and  power  generation  office. 

•  Big  picture — In  review  of  Apollo, 
Holmes  said  that: 

—All  engines  required  by  the 
Apollo  spacecraft  will  be  under  devel- 

opment this  year. 
—The  service  module  will  provide 

propulsion  for  take-off  from  the  moon 
and  return  to  Earth.  It  also  will  pro- 

vide an  abort  and  return  capability 
at  any  time  during  the  mission.  For 

this  reason,  the  service  module  propul- 
sion must  have  the  highest  degree  of 

reliability — 99.9% — of  any  propulsive 
element  in  the  system. 

The  lunar  take-off  propulsion  will 
require  a  thrust  of  20,000  lbs.  It  will 
be  controllable  over  a  wide  range  so 
that  the  unit  can  perform  its  various 
functions.  The  system  will  be  pres- 

surized and  hypergolic. 
—The  lunar  landing  propulsion — 

which  will  use  liquid  oxygen-liquid 
hydrogen — presents  a  formidable  chal- 

lenge. Several  engines  will  be  employed 
to  give  the  wide  range  of  thrust  that 
is  demanded  by  the  landing  maneuver. 

The  lunar  landing  module  is  a 
rocket  of  substantial  size,  having  a  gross 
weight  of  100,000  lbs. 

It  may  be  economical,  therefore,  to 
use  pump-fed  engines  in  order  to  avoid 
excessive  weight  in  the  fuel  tanks. 
Thrust  level  is  not  critical  and  would 
lie  in  the  neighborhood  of  50,000  to 
75,000  lbs. 

—F-l  engine  —  One  model  of  the 
engine  has  been  run  at  full  power  at 
Edwards  AFB.  Much  more  testing  re- 

mains to  be  done.  Engine  deliveries  to 
NASA  will  begin  in  1963. 

— J-2  liquid  hydrogen  engine — De- 
velopment began  in  1961.  The  first 

complete  engine  is  now  fully  assembled 
and  tests  started  in  February.  First 
deliveries  of  ground-test  engines  are 
expected  by  mid- 1963. 

—  M-l  liquid  hydrogen  engine — ow- 
ing to  prior  experience  with  the  J-2,  no 

new  technological  development  is  re- 
quired in  the  development  of  the  M-l. 

It's  expected  that  first  deliveries  of  the 
engine  will  be  made  in  1964. 

—Advanced  Saturn  booster  —  The 
first  stage  will  be  powered  by  five  F-l 
engines.  Its  tanks  are  33  ft.  in  diameter 
and  carry  over  200  tons  of  liquid 
oxygen  and  kerosene.  The  first  stage 
will  be  140  ft.  high. 

The  second  stage  will  have  five  J-2 
engines  and  will  carry  close  to  a  million 
lbs.  of  liquid  oxygen  and  liquid  hydro- 

gen fuel.  It  is  33  ft.  in  diameter  and 
70  ft.  high.  The  third  stage  with  one 
J-2  engine  will  be  used  only  for  escape 
missions. 

—Nova — The  giant  launch  vehicle 
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ARTIST'S  DRAWING  of  proposed  Nova  launch  complex  to  be  built  at  Canaveral. 

should  be  in  full  scale  development  in 
Fiscal  '63  (see  below). 

•  Propulsion  puzzles — NASA's  Di- 
rector of  Propulsion  and  Power  Genera- 

tion covered  a  whole  range  of  propul- 
sion problems,  liquid  and  solid,  before 

Subcommittee  No.  2  of  the  House  Space 
Committee. 

The  rocket  expert  pointed  to  some 
promising  developments,  in  DOD's  pro- 

gram on  high-energy  solid-propellant 
chemistry,  which  NASA  keeps  under 
close  surveillance.  Two  propellants,  con- 

taining boron,  hydrogen  and  nitrogen 
appear  to  merit  further  work. 

In  liquid  mono-  and  bi-propellants. 
DOD  has  come  up  with  some  promising 
combinations  in  C-H-O-N  and  B-H-O-F 
atomic  species.  Sloop  said  there  are 
developments  in  solids  which  may  in- 

crease performance  by  more  than  18%. 
If  this  were  applied  to  the  Surveyor 
spacecraft,  it  would  mean  a  50%  in- 

crease in  instrument  package  weight. 
Present  solids  approach  a  specific 

impulse  of  300,  and  some  under  study 
may  go  as  high  as  400  in  space  applica- 

tions. Liquids  are  now  past  the  400 
mark  in  LP  and  may  easily  reach  500. 

Sloop  described  a  new  construction 
technique  for  liquid  engines  which  looks 
good  to  NASA.  The  concept  is  a  radi- 

ation-cooled thrust  chamber.  NASA  has 
fired  chambers  consisting  of  a  shell  of 
pyrolytic  graphite  about  0.005  in.  thick. 
If  these  can  be  perfected,  says  Sloop, 
propulsion  can  be  greatly  simplified. 

The  chamber  described  was  formed 
in  one  piece  through  mold  deposition. 
This  form  of  graphite  increases  in 
strength  as  the  temperature  rises. 

A  right-angle-firing  solid-attitude 
control  motor  is  under  study.   In  this 

instance,  it  is  a  small  end-burning  motor 
rotating  on  two  bearings  and  driven  by 
an  actuator  through  a  sector  gear.  The 
nozzle  is  canted  so  the  gases  are  di- 

rected nearly  at  right  angles  to  the  grain. 
Thrust  termination  is  achieved  by  blow- 

ing a  port  opposite  the  aft  nozzle  end. 
•  Space  engine — Sloop  outlined  an 

advanced  liquid  propulsion  system 
NASA  expects  to  investigate  as  an  ad- 

vancement in  the  state  of  the  art.  While 

very  simple,  the  system — if  it  is  success- 
ful— will  possess  all  the  required  char- 

acteristics of  a  spacecraft  propulsion 
mode. 

The  system  will  have  long-term 
space  storability,  restart,  variable  thrust 
and  reliability.  Sloop  described  the  sys- 

tem as  having  a  gas  forcing  a  liquid 

into  the  gas  generator  to  produce  pres- 
surizing gas.  This  gas,  after  cooling  in 

heat  exchangers,  is  used  to  collapse  the 
bladders  containing  fuel  and  oxidizer. 
This  forces  propellant  through  the  thrust 
control  valve  into  the  combustion  cham- 

ber. Propellants  ignite  on  contact. 
Sloop  mentioned  that  certain  critical 

items  must  be  investigated  before  the 
system  becomes  a  reality.  These  are 
radiation-cooled  thrust  chambers,  throt- 

tling injectors,  expulsion  bladders,  re- 
startable  gas  generators,  leak-proof 
valves  and  compatible  materials. 

Other  items  covered  included  the 
effects  of  space  on  both  solid  and  liquid 
propellants.  Sloop  said  radiation  in 
space  will  affect  the  burning  times  and 
physical  properties  of  solids.  8 

Fifteen  Firms  to  Submit  Nova  Study  Plans 

NASA  HAS  INVITED  15  missile /space  firms  to  submit  pro- 
posals for  a  detailed  systems  definition  and  preliminary  design 

of  the  Nova  superbooster. 
Proposals  are  due  April  26;  contract  award  is  due  in  May. 
Two  of  the  15  firms  will  be  chosen  for  a  parallel  coordinated 

approach  to  the  problem,  NASA  said.  The  study  contract  will 
last  about  six  months,  and  a  contract  for  actual  development  of 
the  big  launch  vehicle  will  be  awarded  before  the  end  of  the  year. 

NASA  said  it  was  willi?ig  to  commit  $700,000  to  each  of  the 
firms  in  the  study.  In  addition,  each  firm  will  include  as  part 
of  its  proposal  a  statement  as  to  how  much  of  its  own  funds  it 
is  willing  to  commit. 

Nova  is  the  largest  rocket  presently  planned  by  NASA.  It 
will  be  capable  of  placing  more  than  200  tons  in  Earth  orbit, 
or  sending  more  than  75  tons  on  an  Earth-escape  trajectory. 
Nova  thus  will  be  able  to  perform  manned  lunar  landings  with 
Apollo  spacecraft  in  direct  flights  from  the  earth. 

While  the  firms  selected  will  perform  only  a  design  study, 
there  is  a  possibility  that  they  may  later  be  awarded  the  produc- 

tion contracts  for  the  large  launch  vehicle.  This  was  implied  in 
the  space  agency  announcement,  which  noted  that  "requests  for bids  are  being  offered  to  firms  having  a  capability  of  participating 
in  follow-on  hardware  development." 

Nova  development  will  involve  two  contracts,  one  for  the 
first  stage  and  the  other  for  the  second  stage. 

The  15  firms  include:  Aerojet-General  Corp.;  Bell  Aircraft 

Co.;  Boeing  Co.;  Chrysler  Corp.;  Douglas  Aircraft  Co.;  Ford 
Motor  Co.;  General  Dynamics/ Astronautics;  Grumman  Aircraft 
Engineering  Co.;  Eing-T emco-V ought ,  Inc.;  Lockheed  Aircraft 
Corp.;  Martin  Co.;  McDonnell  Aircraft  Corp.;  North  American 
Aviation,  Inc.;  Northrop  Corp.;  and  Republic  Aviation  Corp. 

Nova's  first  flight  is  expected  in  the  1966-67  period. The  Nova  first  stage  will  develop  about  12  million  pounds 
thrust,  using  F-l  oxygen/ kerosene  engines.  Minimum  lift-off 
weight  of  the  vehicle  will  be  about  5000  tons. 

The  Nova  second  stage  will  use  multiple  M-l  engines — a 
1.2 -million-lb. -thrust  liquid  hydrogen /liquid  oxygen  engine  for 
which  Aerojet-General  was  recently  chosen  contractor.  The  third 
stage  probably  will  be  powered  by  a  J-2  engine. The  two  contractors  will  be  selected  to: 

—  Develop  a  detailed  set  of  criteria  and  model  specification 
for  the  complete  Nova  vehicle,  supported  by  a  detailed  pre- 
liminary  design. 

—  Define  a  manufacturing  plan  including  the  fabrication 
methods,  inspection  and  test  methods  as  well  as  major  facility 
and  equipment  requirements. 

—  Determine  the  method  of  achieving  acceptable  reliability 
at  the  earliest  feasible  date. 

— Define  the  testing  program  required. 
— Describe  the  method  of  transportation  and  equipment. 
— Develop  a  schedule,  funding  and  management  plan  for 

the  overall  Nova  program. 

missiles  and  rockets,  April  2,  1962 
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For  House  committee  .  .  . 

Holmes  Describes 

Manned  Lunar  Mission 

The  following  are  excerpts  from  D. 
Brainard  Holmes'  narration  of  events 
during  the  first  U.S.  manned  lunar  land- 

ing mission,  using  the  orbital  rendez- 
vous concept  of  space  flight.  It  was 

presented  before  a  hearing  of  the  House 
Space  Committee. 

THE  UNMANNED  escape  stage  is 
launched  first,  while  the  Advanced 
Saturn  that  will  transport  the  Apollo 
spacecraft  is  in  the  last  stages  of  prep- 

aration and  check-out. 
When  the  escape  stage  is  in  orbit, 

on-board  automatic  equipment  per- 
forms a  complete  check-out  of  the 

stage  and  relays  the  information  to  the 
command  center  on  the  ground.  Only 
when  this  stage  is  known  to  be  in  full 
operating  condition  are  the  astronauts 
sent  aloft. 

The  manned  launch  is  made  a  day 
later  and  within  an  interval  (about  an 
hour)  that  will  permit  early  intercep- 

tion of  the  escape  stage  already  in 
orbit.  As  the  Apollo  spacecraft  rises 
to  orbit,  it  overtakes  the  escape  stage 
which  has  been  tracked  by  the  Apollo 
and  also  from  the  ground. 

The  spacecraft  moves  in  front  of 
the  escape  stage  and  the  docking  man- 

euver is  performed.  This  operation  is 
performed  by  the  astronauts,  using 
precise  tracking  and  positioning  equip- 
ment. 

When  the  two  vehicles  are  properly 
joined,  and  when  they  reach  the  precise 
point  in  the  orbit  for  departure  to  the 
moon,  the  escape  stage  fires  and  burns 
for  about  seven  minutes,  giving  the 
Apollo  the  necessary  speed  to  make  the 
2Vi-day  journey  to  the  vicinity  of  the 
moon.  When  the  escape  stage  has  per- 

formed its  function,  it  is  jettisoned  and 
the  Apollo  spacecraft  proceeds  alone. 

•  Busy  hands — During  the  2'/2-day 
journey  to  the  vicinity  of  the  moon,  the 

three  astronauts  are  performing  many 
important  functions  in  a  weightless  con- 

dition. They  keep  close  tabs  on  solar 
radiation  levels,  and  are  constantly 
alert  to  the  threat  of  a  solar  flare.  .  .  . 

The  astronauts  navigate  and  control 
their  spacecraft  by  taking  bearings  on 
the  earth,  moon  and  stars.  They  can 
turn  the  spacecraft  in  various  directions 
to  facilitate  navigation  and  communica- 

tion with  the  earth.  Periodically,  they 
check  out  every  piece  of  operating 
equipment  in  the  spacecraft  and  report 
back  to  earth.  They  are  performing 
numerous  scientific  observations  includ- 

ing those  of  a  medical  nature.  They 
are  reporting  periodically  on  their 
physical  and  mental  condition.  .  .  . 

•  Landing  —  When  the  spacecraft 
arrives  at  an  appropriate  distance  from 
the  moon,  the  landing  engines  are 
turned  on  to  produce  a  low-altitude 
orbit.  The  moon  is  now  under  con- 

tinuous radar  and  optical  observation, 
so  that  the  astronauts  can  navigate  to 
the  pre-selected  landing  site. 

When  this  point  is  reached,  the 
spacecraft  is  turned  with  its  landing 
engines  toward  the  moon,  and  a  care- 

fully controlled  descent  begins,  until  the 
Apollo  is  hovering  over  the  landing 
area.  The  next  operation — that  of  the 
touchdown — is  probably  one  of  the 
most  critical  maneuvers.  .  .  . 

The  astronauts  spend  at  least  one 
day  upon  the  moon.  .  .  . 

•  Take-off  —  Having  completed 
their  work,  the  astronauts  return  to  the 
command  capsule  and  fire  the  take-off 
rockets.  This  one  firing  imparts  suffi- 

cient velocity  to  propel  the  capsule 
away  from  the  moon  and  to  return  it  to 
the  vicinity  of  the  earth.  En  route  to 
the  earth  the  astronauts  perform  many 
of  the  same  tasks  they  did  on  the  way 
out.  including  mid-course  corrections. 
This  time  they  must  hit  a  40-mile-wide 
re-entry  window  several  hundred  miles 
above  the  earth's  surface;  guidance  re- 

quirements are  extraordinary. 
For  the  final  approach,  they  are 

assisted  by  precise  ground  tracking. 
After  the  spacecraft  has  entered  the 
corridor,  the  service  module  is  jetti- 

soned and  the  command  module  is 
ready  to  begin  its  descent  to  the  earth. 

The  command  module  is  now  hur- 
tling through  the  atmosphere  and  is 

subjected  to  the  maximum  temperatures 
and  accelerations  it  encounters  during 
mission. 

•  Descent — At  about  10,000  feet, 
the  large  parachutes  are  deployed  to 
bring  the  capsule  safely  to  earth. 
Landing  occurs  in  a  pre-designated  and 
prepared  area  where  the  capsule  is 
tracked  by  many  radars  and  optical 
instruments.  When  the  capsule  is  down, 
recovery  teams  proceed  immediately  to 
the  landing  point  to  pick  up  the  astro- 

nauts. 8 

NASA  Crewmen  To  Train  in  Martin  Simulator 

SEXTANT  will  be  used  to  check  course  during  "flights"  in  Martin  Co.  spacecraft  sim- 
ulator. Firm  last  week  won  contract  from  NASA  to  study  confinement  effects  on  crew. 
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Opposition  falters  . 

Nike-Zeus  Looks  Finished 

Defense  Secretary  McNamara  hints  anti-ICBM  program  may 

be  dropped  in  two  years;  still-confident  Army  attempts  to 

refute  criticisms;  Kwajalein  tests  will  not  affect  decision 

by  James  Trainor 

as  Weapon 

IT  NOW  SEEMS  unlikely  the 
Army's  controversial  Nike-Zeus  anti- 
ICBM  system  will  ever  be  put  into 

production. Department  of  Defense  decisions 
apparently  have  doomed  Nike-Zeus  to 
a  purely  research  and  development 
program  designed  to  gather  data  on 
warhead  and  decoy  signatures  and  to 
produce  information  that  may  help  de- 

velopment of  a  future  antimissile  mis- 
sile system. 
Secretary  of  Defense  Robert  S.  Mc- 

Namara has  intimated  strongly,  in  fact, 
that  Nike-Zeus  has  only  two  more  years 
of  life. 

"I  believe  it  would  be  wise  to  con- 
tinue it  for  an  additional  year  beyond 

this  year,"  the  Defense  Secretary  told 
a  Congressional  committee  recently, 
"and  very  probably  to  the  completion 
of  what  we  would  call  the  development 

phase." 

A  surprising  reaction  to  the  Secre- 
tary's comments  is  the  seeming  acqui- 

escence of  both  the  Army  and  Congres- 
sional committees.  In  past  years,  there 

has  been  a  strong  contingent  in  both 
houses  of  Congress  which  has  urged 
production  and  deployment  of  the  Zeus 
system.  This  year,  the  once-formidable 
bloc  seems  to  have  been  reduced  to 
Rep.  Daniel  J.  Flood  (D-Pa.). 

The  Army  itself  has  shied  away 
from  taking  its  case  to  Congress.  The 
reason  as  explained  by  one  Army  offi- 

cial: "Nobody  wants  to  get  into  a  fight 
with  that  man  upstairs." The  Army,  in  fact,  is  taking  a  new 
look  at  its  role  in  a  Zeus  program  which 
would  be  limited  purely  to  research 
and  development,  with  no  hope  of 

production. "We  can  continue  the  program," 
says  an  Army  spokesman,  "but  we  are really  not  interested  in  a  purely  Ballistic 
Missile  Research  Program.  This  is  more 
ARPA's  concern.  We  want  a  weapons 

system." 

•  Innocent  remarks — McNamara's 
pessimism  about  the  effectiveness  of 
Zeus  first  came  to  light  publicly  last 
month  on  a  New  York  television  show. 
He  asserted  that  no  amount  of  money 

ARMY'S  NIKE-ZEUS  appears  fated  for 
termination  within  next  two  years. 



can  make  possible  an  absolute  defense 
of  the  United  States  against  ICBM's. 

Initially,  Army  officials  refused  to 
comment  on  the  Secretary's  statement. 
Later,  they  contended  that  his  remarks 
"were  really  quite  innocent"  when  taken 
in  context.  The  Army,  they  said,  agreed 
with  the  Secretary  that  there  is  no  abso- 

lute defense  against  a  ballistic  missile 
attack.  Therefore,  they  felt,  the  press 
had  manufactured  the  possibility  of  a 
controversy. 

The  extent  of  McNamara's  reserva- 
tions about  the  Nike-Zeus  was  clarified 

last  week  by  the  release  of  his  heavily 
censored  testimony  before  the  House 
Armed  Services  Committee,  the  Sub- 

committee on  Department  of  Defense 
Appropriations  and  the  Senate  Armed 
Services  Committee. 

In  his  unclassified  testimony,  the 
Defense  Secretary  raised  several  "seri- 

ous questions"  about  Zeus.  The  primary 
objection  to  the  system,  he  said,  was 
its  inability  to  handle  a  saturation  attack 
by  Soviet  ICBM's.  A  corollary  to  this 
problem  was  the  question  of  its  ability 
to  discriminate  between  an  incoming 
warhead  and  a  surrounding  cloud  of 
decoys. 

Further,  the  Secretary  said,  "these 
systems  would  still  not  necessarily  solve 
the  problem  of  nuclear  fallout  from 
surface  explosion  outside  the  defended 

area." Finally,  the  cost  of  an  operational 
Zeus  system  was  listed  as  a  point  of 
contention. 

"It  has  been  variously  estimated," 
the  Defense  Secretary  told  the  com- 

mittee, "that  a  Zeus  program  to  defend 
some  perhaps  27  cities,  the  larger  cen- 

ters of  population  in  this  country,  might 
cost  between  $10  billion  and  $14 

billion." 
•  Army  still  Zeus-confident — Al- 

though Army  witnesses  before  Congress 
expressed  confidence  in  the  Zeus  system 
and  made  passing  reference  to  authority 
of  pre-production  engineering  funds,  it 
was  not  until  Lt.  Gen.  Arthur  G.  Tru- 
deau  appeared  before  the  committees 
that  Congressmen  heard  the  other  side 
of  the  story. 

Expressing  "more  confidence"  in  the 
system  than  ever  before,  the  Army  R&D 
chief  compared  the  decision  to  develop 
Zeus  to  that  of  building  fighter  inter- 

ceptors even  "when  we  admitted  30% 
of  the  enemy  bombers  would  get 

through." 
"We  are  in  a  position  where  both 

the  possible  enemy  and  ourselves  are 
equipped  with  a  sword,"  Trudeau 
pointed  out,  "and  the  fellow  who  gets 
the  shield  first  is  going  to  have  a  very 
advantageous  position  no  matter  how 
vulnerable  or  invulnerable  the  shield  is." 

Noting  that  the  FY  '63  RDT&E 
budget  for  Zeus  was  3%  below  FY  '62 
— $267.5  million  against  $274  million 

in  '62 — Trudeau  revealed  that  the  Army 
was  working  on  several  improvements 
in  the  system  which  would  extend  its 
capabilities. 

The  first — an  "Advanced  Zeus" — 
would  be  essentially  what  the  Army 
terms  a  "sprint  missile."  This  would  be 
a  high-acceleration,  quick-reaction  mis- 

sile considerably  faster  than  even  the 
present  Zeus. 

Such  a  missile,  the  Army  says, 
would  enable  the  Zeus  system  to  handle 
many  more  targets  by  taking  one  target 
at  a  time,  firing  a  missile  against  it  and 
then  recycling  to  pick  up  and  destroy 
the  next  target.  This  sequential,  rather 
than  simultaneous,  handling  of  targets 
would,  the  Army  feels,  give  the  Zeus 
system  the  growth  potential  to  handle 
the  enemy  threat. 

The  second  improvement  in  the 
Zeus  system  is  the  addition  of  ZMAR — 
a  multiple-array  radar  (M/R,  Jan.  22, '62,  p.  29). 

Both  of  these  improvements  will  be 
funded  in  the  FY  '63  budget.  However, 
the  $133.7  million  requested  for  the 
pre-production  program  was,  as  in  past 
years,  deleted  by  DOD. 

•  Kwajelin  tests  inconclusive — 
Probably  the  hardest  blow  to  the 
Army's  hope  for  early  production  of  the 
Zeus  system  is  McNamara's  belief  that 
the  system's  effectiveness  under  combat conditions  will  not  be  proven  by  the 
Kwajalein  tests. 

"In  actual  combat,"  the  Secretary 
said,  "we  could  expect  a  greater  number 
of  missiles  and  missiles  of  varying  types 
which  the  system  might  or  might  not  be 

effective  against." Later,  in  a  press  conference,  the 
Secretary  said  that  the  success  or  failure 
of  the  Zeus  tests  in  the  Pacific  would 
have  little  bearing  on  his  decision  for 
or  against  production  of  the  system. 

That  the  tests  against  A  //as-launched 
target  vehicles  are  not  a  test  of  an 
operational  system  against  an  opera- 

tional system,  the  Army  readily  admits. 
However,  Army  officials  point  out  that 
the  tests  must  be  controlled  to  a  certain 
degree  in  order  to  maximize  the  data 
received  from  an  individual  test,  as  well 
as  to  keep  within  the  safety  and  instru- 

mentation limits  of  the  test  area. 
Although  these  spokesmen  say  they 

would  welcome  a  test  of  the  Zeus  under 
combat  conditions,  they  point  out  that 

just  as  you  don't  test  a  tank  under combat  conditions  to  develop  confidence 
that  it  can  perform  under  fire — so  the 
Nike-Zeus  doesn't  have  to  be  tested  to this  extent. 

Since  the  Kwajalein  tests  are  de- 
signed to  progress  from  relatively  simple 

target  vehicles  to  sophisticated,  small 
radar  cross-section  nose  cones  with 
decoys  and  other  penetration  aids, 
Army  officials  feel  the  test  series  will 
prove  the  capability  of  the  system. 

•  Can  war-game  system  to  death — 
Turning  to  the  objections  raised  by 
Secretary  of  Defense  McNamara,  one 
Army  spokesman  pointed  out  that  the 
system  undoubtedly  can  be  saturated  if 
the  enemy  is  willing  to  make  the  effort. 

"Zeus  is  not  a  panacea,"  he  ad- 
mitted. "Its  principal  advantage  is  that 

it  contributes  significantly  to  deterrence 
by  putting  doubt  into  the  mind  of  the 
enemy  about  the  effectiveness  of  his 

attack." 

Although  more  and  more  advanced 
threats  are  being  postulated,  he  said,  the 
Army  feels  that  Zeus  can  handle  the 
"realistic"  threat — both  present  and 
future. 

"Sure,  it's  easy  to  war-game  this 
thing  to  death  by  adding  just  one  more 
missile  to  saturate  the  system,"  another 
Army  official  said,  "but  the  real  ques- 

tion is  'how  badly  do  you  want  a  de- 

fense?' " 

McNamara  reservations  about  the 

system's  discrimination  capabilities  puz- 
zle Army  officials.  Although  one  dis- 

crimination system  is  operational  at 
White  Sands  Missile  Range,  the  second 
is  just  going  operational  at  Kwajalein 
and,  as  yet,  discrimination  data  is 
largely  unavailable.  Detailed  informa- 

tion on  the  discrimination  capabilities 
of  the  Zeus  radar,  Army  officials  point 
out,  will  only  be  available  after  the 
Kwajalein  tests. 

Nuclear  fallout  will  certainly  result 
from  detonations  outside  Zeus-defended 
areas,  the  Army  concedes  in  agreeing 
with  the  Defense  Secretary  that  efforts 
should  be  made  to  minimize  the  damage 
from  these  weapons. 

However,  it  is  pointed  out  that  the 
Zeus  itself  will  not  contribute  to  this 
fallout — except  on  a  long-range,  world- 

wide, atmospheric  basis. 
The  Army  admits  that  deployment 

costs  would  be  large,  but  it  feels  that 
the  precedent  has  been  set  for  spending 
of  this  magnitude  on  air  defense.  Cur- 

rently, they  note,  the  country  is  spend- 
ing over  a  billion  dollars  in  this  area annually. 

Pointing  out  the  relative  cost  of  the 
system  as  compared  to  other  weapons 
systems,  General  Trudeau  told  Con- 

gress that  the  cost  of  the  Zeus  system 
is  one-third  of  what  SAC  cost  in  the 
decade  1950-60;  one-third  of  the  cost 
of  continental  air  defense  1950-60;  one- 
half  of  the  cost  of  U.  S.  IRBM's  and 
ICBM's  through  1966;  one-half  of  the 
cost  of  fighter  aircraft  in  the  period 
1950-60. 

•  When  to  decide?  —  When  Army 
officials  are  asked  when  a  decision  is 
required  on  production  of  the  Zeus, 
their  answer  is  the  same.  "Now,  a 
couple  of  days  ago,  a  couple  of  years 

ago." 

The  decision  apparently  has  been 
made.  8 
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Over  $85  million  in  FY  '64  .  .  . 

NASA's  ComSat  Funding  To  Climb 

NASA  SPENDING  for  communi- 
cations satellites  will  continue  to  in- 

crease over  the  next  two  years. 
Milton  Stoller,  director  of  the  space 

agency's  Office  of  Applications,  told 
M/R  that  ComSat  funding  —  which 
jumped  to  $85  million  in  Fiscal  '63 — 
will  go  up  a  little  more  in  Fiscal  '64. 

Development  of  advanced  satellites 
will  boost  the  spending,  he  said. 

Stoller  also  gave  the  first  indication 
that  NASA  favors  22,300-mile-high  sat- 

ellites for  incorporation  into  a  commer- 
cial communications  system. 

"I  would  think,"  he  said,  "that  when 
all  the  technology  is  in  hand,  it  will  be 
the  synchronous-orbit  satellites  which 
will  be  the  most  attractive  to  us." 

Previously,  NASA  officials  testify- 
ing before  Congress  had  repeatedly  re- 

fused to  take  sides  as  to  what  type  of 
satellite  would  best  fit  into  an  opera- 

tional communications  system. 
•  No  chasms  seen  —  The  nation's 

largest  communications  company,  Amer- 
ican Telephone  &  Telegraph  Co.,  favors 

the  use  of  low-altitude  satellites.  This 
would  require  about  200  to  give  com- 

plete global  coverage. 
Missile/ space  firms — and  now,  ap- 

parently, NASA — have  favored  the  use 
of  the  synchronous-orbit  satellite  sys- 

tem in  which  only  three  satellites  could 
send  and  receive  communications  from 
any  point  on  Earth. 

Stoller,  who  directs  NASA's  com- 
munication and  meteorological  satellite 

programs,  said  that  the  synchronous- 
orbit  system  reduces  the  number  of 
launches  and  ground  antenna  which 
would  be  required. 

He  admitted,  however,  that  it  does 
have  drawbacks — including  the  diffi- 

culty of  placing  and  keeping  the  satel- 
lite in  a  22,300-mile  orbit.  Another 

major  problem  is  the  "loop  delay"  in 
which  there  is  a  fraction  of  a  second's 
delay  in  messages  sent  to  the  satellite. 

Stoller  declared  that  the  spacecraft 
problems  in  the  synchronous  system  will 
be  solved.  "At  this  point,  we  see  no 
yawning  chasms,"  he  said. 

•  Hughes  in  early — Hughes  Air- 
craft Corp.  has  already  submitted  an 

unsolicited  proposal  to  NASA  for  de- 
velopment of  an  advanced  synchronous 

satellite.  A  contract  for  the  advanced 
satellite — a  follow-on  to  the  Syncom 
series — will  be  awarded  in  Fiscal  '63. 

A  contract  for  an  advanced  version  of 
the  low-altitude  Telstar  satellite  series 
will  also  be  awarded. 

Stoller  said  that  so  far  Hughes  has 
been  the  only  firm  to  submit  a  proposal 
for  the  advanced  Syncom  which  will  be 
launched  with  an  Atlas- Agena  in  1964. 
Other  reliable  sources  reported  that 
NASA  has  already  accepted  and  ap- 

proved the  Hughes  proposal. 
Stoller  also  disclosed  that: 
—The  use  of  nuclear  power  in  com- 

munications satellites  is  still  a  couple  of 
years  away. 

—NASA  expects  that  another  year's study  and  review  will  be  needed  before 
the  potentialities  and  requirements  of  a 
national  navigational  satellite  system  are 
known.  He  said  that  the  system — based 
on  the  Navy's  Transit  satellite — hold 
promise.  Program  recommendations, 
including  an  additional  flight  schedule 
if  one  is  required,  will  not  be  made 
until  the  study  is  completed. 

—A  limited  operational  commercial 
communications  satellite  system  could 
be  achieved  in  the  1965-66  period.  It 
would  be  limited,  he  said,  in  that  it 
would  not  be  equivalent  to  the  tele- 

phone services  we  now  have.  Further- 
more, he  said,  it  will  be  feasible  only  if 

commercial  interests  (communication 
carriers)  are  ready  to  move  ahead. 

—NASA  has  had  a  pilot  study  going 
on  in  the  Midwest  to  determine  what 
portions  of  its  research  and  technology 
efforts  may  be  of  practical  interest  and 
value  to  American  industry.  This  is  the 

chief  job  of  Stoller's  Office  of  Applica- tions. 
Among  the  products  which  NASA 

feels  may  be  applicable  to  industry  so 
far  are  leakproof  connectors  in  hydrau- 

lic systems,  sensor  techniques  in  aero- 
medical  work,  and  a  pyrotechnic  device 
which  snips  antennas. 

A  complete  study  of  possible  com- 
mercial R&D  applications  will  be  com- 

pleted within  the  next  year. 
—Stoller  said  he  and  other  com- 

munication and  meteorological  satellite 
experts  at  NASA  would  be  available  as 
advisors  to  Deputy  Administrator  Hugh 
L.  Dryden,  who  has  been  selected  by 
President  Kennedy  as  chief  U.S.  nego- 

tiator of  a  space  cooperation  agree- 
ment with  the  USSR. 

No  formal  plans  have  yet  been 
made  for  the  officials  to  join  Dr.  Dry- 

den in  New  York,  where  the  negotia- 
tions are  being  conducted. 

One  important  fallout  from  Russian 
participation,  he  said,  would  be  24- 

hour  daylight  coverage  of  the  Earth's surface.  The  present  Tiros  satellite  series 
provides  only  12-hour  coverage.  8 
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Crowe/  of  70,000  .  .  . 

IRE  Told  Market  Will  Double  by  72 

New  York  —  A  total  electronics 
market  in  1972  almost  double  the  $11.7 
billion  of  last  year  was  predicted  here 
last  week  at  the  international  convention 
of  the  Institute  of  Radio  Engineers. 

The  forecast  came  from  Patrick  E. 
Haggerty.  IRE  President  and  president 
of  Texas  Instruments,  Inc.,  who  also 
foresaw  a  big  jump  in  the  military  and 
civilian  space  market — an  increase  of 
$3.1  billion  by  1972  over  last  year's $6.9  billion  figure. 

Haggerty  spoke  in  a  pre-convention 
press  conference,  before  the  New  York 
Coliseum  was  deluged  by  more  than 
70.000  engineers,  businessmen  and 
sightseers. 

This  year's  industrial  show,  includ- ing exhibits  from  856  electronics  firms, 
filled  to  capacity  the  four  complete 
floors  and  additional  mezzanine  space 
available.  Many  displays  spilled  over 
into  areas  generally  used  for  technical 
sessions. 

"This  exceedingly  large  display"  was 
appropriate,  Haggerty  declared,  so  that 
IRE  could  show  off  the  accomplish- 

ments of  its  members,  as  in  previous 

years.  "This  is  the  output,"  he  said. But  many  observers  reflected  that 
an  even  greater  extravaganza  may  be 
expected  if  the  proposed  merger  of  IRE 
and  the  American  Institute  of  Electrical 
Engineers  is  approved,  as  expected. 

IRE  claims  97.000  members;  AIEE 
lists  70,000.  Joining  of  the  two  into  the 
projected  Institute  for  Electrical  and 
Electronic  Engineers  (IEEE)  would 
draw  an  audience  estimated  at  over 
100,000  persons  to  an  annual  spring 
convention  and  show  in  New  York. 

So  large  an  undertaking  would, 
many  at  this  meeting  felt,  be  of  ques- 

tionable value  considering  the  expense 
of  participating,  time  away  from  com- 

pany projects,  and  the  possibility  of 
being  totally  lost  in  an  overwhelming 
display  of  hardware. 

This  year's  IRE  meeting  included 54  technical  sessions  in  28  different 
fields  represented  by  265  papers.  The 
recent  AIEE  show  here  included  118 
technical  sessions,  more  than  100  com- 

pany displays. 
•  Manpower  fears  —  Although  the 

market  picture  looks  rosy  for  the  next 
decade,  one  IRE  official  expressed  grave 
concern  over  the  engineering  and  scien- 

tific manpower  shortage. 

IRS  HEAD  HAGGERTY 
For  missile  I  space — $10  billion  by  1972. 

Dr.  Frederick  E.  Terman,  of  Stan- 
ford University,  stressed  that  he  feared 

the  deficit  in  technical  competence  more 
than  the  statistics  on  the  number  of 

technical  "bodies"  turned  out  each  year. 
James  M.  Bridges,  Electronics  Di- 

rector in  DOD's  Office  of  the  Director 
of  Defense  Research  and  Engineering, 
also  expressed  worry  over  the  outcome 
of  the  technological  race  with  Russia. 
Over  80%  of  all  U.S.  electrical  engi- 

neers are,  he  said,  engaged  at  least  in- 
directly in  defense  tasks. 

At  the  present  time,  Bridges  as- 
serted, development  costs  are  excessive, 

the  time  interval  for  RDT&E  is  too  long, 
and  our  creative  resources  are  spread 
too  thin.  At  our  present  rate,  he  added, 
technical  manpower  demands  will  ex- 

ceed supply  in  5  to  10  years,  if  govern- 
ment and  industry  don't  take  preventive action. 

•  Direct  space  TV  impractical? — 
At  one  technical  session,  an  extremely 
pessimistic  view  of  proposals  for  direct 
TV  broadcast  via  orbital  relay  stations 
was  voiced  by  Dr.  Richard  C.  Gould,  of 
Stanford  Research  Institute. 

Gould  reported  on  a  broad  study 
based  on  those  schemes  suggesting  use 
of  a  stationary  (synchronous)  equatorial 
orbit. 

It  has  been  assumed  throughout 
most  existing  proposals  that  a  24-hour satellite  would  obviate  the  need  for 

tracking  antennas  or  special  equipment 
at  the  receiving  end,  Gould  said. 

He  then  noted  the  problems  immedi- 
ately encountered  throughout  North  and 

South  America  with  respect  to  time 
zones,  language  barriers,  and  the  use  of 
different  transmission  standards  (the 
U.S.  standard  of  525-line  raster  vs.  the 
Western  European  625-line  raster). 

If  direct  transmissions  to  Europe 
and  Africa  are  also  considered,  these 
same  problems  become  even  more 
acute,  he  asserted. 

Considerable  doubt  was  cast  by  the 
scientist  on  possible  programing  ad- 

vantages of  a  hemispheric  system. 
He  conceded  that  it  would  permit  in- 

stantaneous transmissions  over  a  wide 
range  without  the  need  for  extensive 
ground  lines  or  microwave  support  be- 

tween stations.  However,  he  maintained 
that  although  the  existing  transconti- 

nental microwave  network  makes  possi- 
ble simultaneous  broadcasting  within 

this  country,  little  use  is  made  of  it.  Of 
the  total  hours  (147)  in  1961  devoted 
to  such  broadcasts,  all  but  16  hours 
were  for  professional  baseball  games. 
The  remainder  was  for  newsworthy 
events  and  news  commentary. 

The  justification  for  proposing  a 
satellite-TV  direct  broadcast  system  has 
been  its  usefulness  in  transmitting  sig- 

nificant world  events.  Gould  expressed 
concern  that  the  total  time  required  for 
events  of  this  nature  would  be  even  less 
than  the  16  hours  required  in  the 
United  States  during  an  entire  year. 

Next,  by  a  series  of  computations, 
Dr.  Gould  showed  the  extremely  high- 
power  requirements  that  continental 
coverage  would  require  of  a  relay  satel- 

lite. For  example,  he  estimated  that  for 
U.S.  and  Canada  coverage  on  Channel 
13,  44  kw  would  be  needed;  for  Chan- 

nel 83,  145  kw  would  be  required. 
Finally,  Dr.  Gould  pointed  out  that 

even  for  regional  coverage  it  still  is  not 
certain  that  a  one-channel  satellite  sys- 

tem would  prove  to  be  less  costly  than 
an  adequate  ground  network  for  any 
country  not  now  provided  with  such  a 
ground  system. 

The  Stanford  scientist  emphasized, 
however,  that  these  problems  would  not 
be  encountered  with  a  relay/ rebroadcast 
system  using  the  satellite  for  global  relay 
and  delayed  rebroadcast  from  existing 
ground  facilities.  « 
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technical  Countdown 

ELECTRONICS 

ight  Microwave  Modulated 

I A  beam  of  light  has  been  successfully  mod
ulated  at 

licrowave  frequencies  by  researchers  at  Aircraft  Arma- 
nents.  Inc.  The  modulator  uses  the  Pockels  effect  in  crystal- 
me  material — somewhat  analogous  to  the  Kerr  effect  in 
iquids.  It  consists  of  an  electro-optic  crystal  placed  within 
| he  electrical  field  of  a  microwave  cavity.  A  non-radiating 
lole  on  two  sides  of  this  cavity  permits  the  beam  of  light 
p  pass  through.  A  20-watt  pulsed  microwave  source  (700 
p  1200  mc)  achieved  an  estimated  depth  of  modulation  of 
!0  to  20%.  Modulation  of  Laser  energy  at  microwave 
requencies  is  planned. 

Cryogenic  Associative  Memory  Developed 
I  A  cryogenic  associative  memory  circuit  which  simul- 

taneously compares  all  stored  computer  information,  rapidly 
associating  input  data  with  any  portion  of  related  informa- 

tion contained  in  its  memory,  has  been  developed  by  GE's 
Heavy  Military  Electronics  Dept.  This  first  operative  unit 
of  its  kind,  says  GE,  will  provide  a  greatly  simplified  design 
approach  to  high-speed,  large-storage  computer  memories. 
The  device  was  fabricated  through  standard  thin-film  tech- 

niques using  evaporative  methods  and  circuit-pattern  stencils. 

High-Speed  Computing  Techniques  Developed 
Data  rates  in  excess  of  1  gigacycle  are  possible  through 

a  computing  technique  perfected  by  scientists  at  ITT  Federal 
Labs.  The  logic  elements  of  the  computer  are  simple  micro- 

wave mixers  and  filters  with  six  interchangeable  inputs  which 
accept  either  data  or  the  control  signals  that  set  up  the 
element  for  the  particular  operation  to  be  performed.  Per- 

forming as  a  "nor"  gate  in  one  clock  interval,  the  element 
may  be  used  as  a  3-bit  "and"  in  the  next. 

Continuous-Wave  Gas-Phase  Laser  Marketed 

Helium-neon  gas-phase  lasers  producing  a  continuous 
beam  of  coherent  light  of  about  1  milliwatt  at  an  output 
wavelength  of  11,530  angstroms  are  commercially  available 
from  Perkin-EImer's  Optical  Maser  Dept.  Developed  by 
both  P-E  and  Spectra-Physics,  Inc.,  the  device  weighs  only 
13  lbs.  and  can  be  mounted  on  standard  optical  benches. 
The  beam  produced  is  highly  directional,  with  a  spread  of 
less  than  1  minute  of  arc  when  focused  to  a  parallel  beam. 

RACEP  Test  Sets  Delivered 

Test  sets  of  Martin  Co.'s  RACEP  (Random  Access  and Correlation  for  Extended  Performance)  communications 

system  have  been  delivered  to  AF/ESD  and  the  Army's 
Signal  Corps  Electronic  Proving  Ground  ahead  of  schedule. 
Six  sets  were  ordered  by  the  Air  Force  and  four  by  the 
Army.  The  system  fragments  and  codes  speech  signals  into 
minute  sections  combining  at  random,  and  transmits  them 
all  at  once  over  the  same  channel.  Pre-set  receivers  recon- 

struct specific  conversations  into  normal  speech 

Power  Rectifiers  Upgraded 
Hughes  Aircraft  Co.  has  designed  silicon  power  rectifiers 

capable  of  operating  frequencies  up  to  150  kc  with  efficiences 
in  excess  of  90% .  The  firm  calls  the  development  a  break- 

through, since  previously  available  power  rectifiers  begin 
to  lose  their  efficiency  above  10  kc. 

Du  Pont's  Thinnest  Film  Yet 

A  15-gauge  ( 0.0001 5-in. -thick)  Mylar  polyester  dielec- 
tric film  with  a  nominal  yield  of  133,000  in. -/lb.  was  intro- 

duced by  Du  Pont  at  the  IRE  meeting  last  week.  Electrical 
characterization  studies  of  the  film  show  the  same  high  levels 
associated  with  thicker  Mylar  films.  The  dielectric  makes 
possible  structures  with  substantially  increased  capacitance 
per  unit  volume  in  low-voltage  circuitry. 

ADVANCED  MATERIALS 

World  Lead  Claimed  in  Fine  Wires 

A  London  firm.  Glass  Developments  Ltd..  is  producing 
glass-insulated  wires  down  to  a  thickness  of  only  3  microns, 
and  claims  a  world  lead  in  the  field.  The  company  is  making 
the  wire  in  0.5-kilometer  lengths,  but  can  produce  longer 
units  if  desired.  The  production  method  involves  RF  heat 
to  melt  a  wire  within  a  glass  tube.  Radiated  heat  from  the 
wire  melts  the  glass,  and  a  fine  thread  is  drawn  from  the 
molten  blob,  forming  a  glass-coated  metallic  filament.  The 
high  surface  tension  of  the  glass  insures  a  truly  circular  wire 
with  a  smooth  surface  finish.  The  process  also  can  produce 
extremely  fine  bare  wires  by  etching  the  glass  away.  The 
insulation  can  stand  temperatures  up  to  200°C  and  voltages 
to  5  kv  d-c. 

Apollo  Re-Entry  Shock  Tube  Perfected 
Shock  speeds  greater  than  25,000  mph  with  temperatures 

reaching  90,000°F  are  being  achieved  in  an  electrically 
driven  shock  tube  at  Avco/Everett.  The  high  temperature 
is  in  the  newly-discovered  non-equilibrium  radiation  range — 
air  temperatures  suddenly  shoot  up  to  over  90,000°F  under 
very  high  shock  speeds  and,  for  a  short  time,  radiate  a  huge 
amount  of  heat  to  the  re-entry  vehicle.  The  tube  can  simulate 
re-entry  speeds  of  more  than  36,000  fps.  A  new  heat  transfer 
gauge  is  used  to  measure  the  amount  of  heat  being  radiated 
from  the  shock  wave.  This  measurement  must  be  made  in 
less  than  two  millionths  of  a  second. 

Lighter  Batteries  Through  Separators 

A  tissue-thin  modified  polyethylene  membrane  has  pro- 
longed service  life  of  silver  batteries  by  a  factor  of  100 

when  used  as  separators.  The  Permion  membranes,  devel- 
oped by  Radiation  Applications  Inc.,  are  ion-selective.  With 

a  stable  pore  size  of  molecular  dimensions,  the  separator  re- 
mains fine  enough  to  inhibit  the  migration  of  silver  plate 

ions  while  permitting  the  free  passage  of  electrolyte.  The 
development,  the  firm  says,  should  lead  to  a  greater  use  of 
silver  batteries  in  space  applications  by  taking  advantage  of 
their  power/ weight  factor. 

PROPULSION 

Pershing  Motor  Checkout  Simplified 
Redstone  Arsenal  engineers  use  a  simple  profilometer  to 

search  for  cracks  and  bulges  in  the  interior  of  solid  rocket 
motors.  Mounted  on  a  14-ft.  aluminum  rod.  a  small  wheel 
on  a  flexible  arm  and  connected  to  a  strain  gage  is  run 
back  and  forth  over  the  propellant.  The  large-scale  measur- 

ing rod  saves  time — it  surveys  one  Pershing  motor  in  an 
hour   The  measurements  are  accurate  to  0  0005  in 
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Inertial  system  developed  by 

Minneapolis-Honeywell  for 

complex  maneuvering 

by  Charles  D.  LaFond 

THE  FIRST  Centaur  inertial  guid- 
ance systems,  designed  expressly  for 

space-mission  use,  are  ready  for  initial 
flight-testing  at  Cape  Canaveral.  The 
space  booster  and  its  sophisticated  guid- 

ance system  are  expected  to  be  inte- 
grated and  flight-tested  over  the  next 

two  years. 
Developed  for  Centaur  by  Minneap- 

olis-Honeywell, under  contracts  to  Gen- 
eral Dynamics/ Astronautics,  this  also  is 

the  first  guidance  system  capable  of  di- 
recting complex  multiple  stop-and-go 

space  maneuvers. 
GD/ Astronautics  in  San  Diego  is 

prime  contractor  for  the  Centaur;  Mar- 
shall Space  Flight  Center  in  Huntsville, 

Ala.,  directs  the  development  program 
for  the  National  Aeronautics  and  Space 
Administration. 

Coupled  with  a  first-stage  modified- 
Atlas  booster,  the  spacecraft  is  the  first 
high-energy  U.S.  vehicle  capable  of 
placing  a  4.5-ton  payload  in  low  orbit 
(300  mi.)  or  of  sending  large  instru- 
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mented  probes  (up  to  1450  lbs.)  into 
outer  space.  Second  stage  of  the  Atlas- 
Centaur  is  the  first  U.S.  rocket  to  em- 

ploy liquid  hydrogen  as  a  fuel  with 
liquid  oxygen. 

•  Test  plans — Initial  flight  test  of 
the  Atlas-Centaur,  last  scheduled  for 
March  29,  is  now  set  for  April  6.  Prin- 

cipal goal  in  this  launch  will  be  to 
check  out  engine  operation  and  booster 
structure  performance  in  each  stage. 

Because  a  simple  ballistic  trajectory 
is  planned,  the  guidance  system  will  be 
installed  to  ride  primarily  as  a  pas- 

senger. Although  not  connected  to  con- 
trol the  vehicle,  it  will  be  set  to  operate 

as  if  it  were. 
Details  of  its  operation  will  be  tele- 

metered to  ground  stations  to  permit 
later  analysis  of  its  performance  under 
flight  conditions. 

Flight  stabilization  will  be  achieved 
by  means  of  a  programed  autopilot. 
Radio  command  from  the  ground  will 
not  be  employed.  However,  a  sun-point- 

ing function  of  the  M-H  guidance  sys- 
tem is  scheduled  for  use  during  the 

second-stage,  unpowered  phase  of  the 
test  flight. 

During  operational  use,  the  solar 
orientation  will  be  applied  to  keep  the 
aft  end  of  the  Centaur  pointed  directly 
at  the  sun.  This  will  minimize  the  area 
subjected  to  solar  heating  and  help  re- 

duce liquid  hydrogen  boil-off. 

A  total  of  seven  Atlas-Centaur  flight 
tests  are  planned,  three  in  1962  and 
four  in  1963.  NASA  officials  say  the  j 
space  system  will  be  considered  opera- 

tional with  the  eighth  launch  in  1964. 
•  Guidance  production  —  GD/  A 

awarded  Honeywell  the  first  Centaur 
inertial  guidance  system  contract  in 
July,  1959.  This  $5.4-million  award 
called  for  development  and  ultimate  1 construction  of  nine  systems,  including 
ground  checkout  equipment. 

Honeywell  selected  the  Librascope 
Division  of  General  Precision,  Inc.,  in 
Glendale,  Calif.,  to  develop  and  produce 
the  guidance  computer  and  associated 
input/output  equipment. 

A  second  contract  was  received  by 
Honeywell  in  June,  1961,  for  the  pro- 

duction of  eight  more  complete  systems. 
This  current  contract,  which  runs 

through  the  end  of  1962,  is  expected  to 
total  $5  million. 

(To  make  use  of  what  amounted 
to  an  off-the-shelf  guidance  package.  [ 
Honeywell,  as  associate  prime  contrac- 

tor for  primary  guidance  on  the  Air 
Force  Dyna-Soar  program,  will  employ 
the  Centaur  stable  platform  and  asso- 

ciated electronics  in  the  boost  glider.) 
•  Hardware  details — The  guidance 

system  was  developed  by  Honeywell's Aeronautical  Division  of  Minneapolis 
and  was  built  at  its  facility  in  St.  Peters- 

burg, Fla. 
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LEFT:  First  Centaur  test  vehicle  was 
hoisted  from  its  dock  at  General  Dynamics/ 
Astronautics  San  Diego  plant  in  spring  of 
1961  and  moved  to  nearby  Sycamore  Can- 

yon for  static  testing  of  engines  and  sys- 
tems. Centaur  is  first  high-energy  U.S. 

space  vehicle,  and  first  to  be  powered  by 
liquid  hydrogen.  A  modified  Series  D  Atlas 
will  be  used  as  launch  booster.  Centaur  is 
powered  by  two  Pratt  &  Whitney  hydrogen- 
oxygen  rocket  engines  of  15,000  lbs.  thrust 
each.  Overall,  the  Atlas-Centaur  vehicle 
is  10  ft.  in  diameter  and  107  ft.,  8  in.  long. 

RIGHT:  Inertial  guidance  platform  (cover 
removed)  for  the  NASA  Centaur  vehicle 
undergoes  final  testing  at  Minneapolis- 
Honeywell's  inertial  guidance  facility  in  St. 
Petersburg,  Fla.  The  25-lb.  platform  em- 

ploys a  jour-gimbal  structure  providing 
freedom  of  movement  in  any  direction. 

Overall,  the  complete  guidance  pack- 
age weighs  about  130  lbs.  This  includes 

the  stable  platform,  computer,  all  asso- 
ciated electronics,  and  the  power  supply. 

Solid-state  circuits  and  printed  cir- 
cuits are  used  throughout  the  system 

and  exteriors  are  gold-plated  to  assist 
in  internal  temperature  control. 

The  gyros  and  their  associated  gim- 
bal-drive  servo  loops  serve  to  keep  the 
first  (azimuth)  gimbal  in  a  fixed  rela- 

tionship to  inertial  space — the  prime 
reference  for  the  guidance  system. 

To  guide  the  Centaur  onto  the  cor- 
rect trajectory,  the  system  senses  accel- 

eration changes  in  each  axis,  determines 
platform  and  vehicle  attitude,  generates 
steering  commands  for  correction  to  the 
flight  control  system,  and  finally  com- 

mands engine  cutoff  when  programed 
velocity,  attitude,  and  time  conditions 
have  been  attained. 

Subsequent  engine  restart  and  stop 
operations  to  achieve  a  transfer  ellipse 
and  to  change  the  trajectory  plane  and 
velocity  are  under  programed  velocity 
control.  For  each  stage  of  powered 
flight,  a  required  velocity  vector  is  de- 

fined for  each  point  in  space  and  time 
enveloping  the  nominal  trajectory. 

—Platform — The  four-gimbal  iner- 
tial platform  contains  three  miniature 

integrating  gyros  and  three  pendulous 
accelerometers.  The  complete  platform 
is  comprised  of  an  outer  case,  gimbal 
structure,  gimbal  drive  motors,  and 
gimbal  angle  resolvers,  plus  the  inertial 
components.  The  whole  assembly  weighs 
25  lbs.  and  occupies  about  0.5  cu.  ft. 

—Platform  electronics — The  associ- 
ated platform  electronics  unit  carries 

the  four  gimbal-control  amplifier  assem- 
blies, three  resolver  isolation  amplifiers, 

function  switching  facilities,  associated 
networks  and  a  blower  for  thermal 

stabilization. 
The  units  are  packaged  in  a  light- 

weight tubular  container  with  domed 
end-caps.  The  compact  construction 
assures  that  the  package  will  withstand 
the  required  pressurization.  Weight  is 
about  17  lbs.;  the  container  measures 
15  in.  x  IVz  in.  in  diameter. 

— Pulse  rebalance,  gyro  torquer, 
power  supply — A  pulse  rebalance  loop 
is  provided  for  pulse  torquing  the  accel- 

erometers to  keep  them  positioned  at 
null,  and  to  furnish  the  computer  with 
pulse  information  indicating  velocity 
change. 

Also,  for  gyro  torquing,  the  control 
field  of  each  gyro  is  excited  from  the 
arm  of  a  potentiometer  in  the  computer, 
positioned  by  a  digital  servo. 

The  power  supply  includes  a  pre- 
cision potentiometer  regulator,  — 35-volt 

supply,  +20-volt  supply  and  regulator, 
precision  frequency  supply,  synchroniz- 

ing pulse  supply,  precision  current  sup- 
ply and  gyro-pattern  field-current  supply. 
In  all,  these  units  weigh  about  31 

lbs.  and  occupy  approx.  1.04  cu.  ft. 
—Computer  —  The  57-lb.  digital 

computer  performs  both  pre-flight  and 
in-flight  computations. 

During  the  pre-flight  phase,  the  nec- 
essary computations  are  performed  for 

determination  of  both  g-sensitive  and  g- 
insensitive  gyro-drift  trim  coefficients, 
determination  of  accelerometer  bias  and 
scale  factor  calibration  coefficients,  fine 
alignment  of  platform  to  the  initial 
position  required  for  the  in-flight  phase 
and  the  repeated  solution  of  a  computer 
check  problem. 

During  the  in-flight  phase,  it  handles 
the  computations  required  for  continu- 

ous three-coordinate  steering,  genera- 
tion of  signals  to  the  programer  which 

activate  verniers  and  turn  off  main  stage 

and  vernier  engines,  generation  of  gyro- 
drift  trim-torquing  signals,  prediction  of 
initial  conditions  for  later  powered 
phases,  reset  of  the  computer  control 
unit  with  restart  time,  and  data  process- 

ing for  telemeter  output. 
A  drum  memory  is  provided  for 

data  storage  in  the  computer. 
—Signal  conditioner — A  signal  con- 

ditioner package  prepares  selected  guid- 
ance system  signals  for  required  tele- 
metry transmission.  It  receives  19  sig- 

nals and  converts  them  to  voltages 
that  can  be  handled  by  the  telemetry 

equipment. •  Mission  requirements — The  Cen- 
taur is  designed  for  as  many  as  three 

restarts  during  any  given  flight.  The 
guidance  system  was  developed  to  per- 

form the  standard  attitude  and  velocity 
control  functions,  as  well  as  to  direct 
the  complex  engine  stop  and  restart  op- 

erations necessary  for  spatial  maneuvers. 
Thus,  the  space  vehicle  will  be  able 

to  travel  from  launch  phase  into  a  pre- 
liminary orbit,  park  for  a  specific  time 

period,  fire  again  to  kick  into  another 
planned  orbit,  and  then  repeat  the 
whole  process  if  required. 

Such  a  technique  might  be  used  to 
achieve  an  equatorial  synchronous  (or 
24-hour  stationary)  orbit.  This  is  not 
possible  now  for  heavy  payloads 
launched  from  existing  U.S.  sites  into 
single-orbit  flights. 

A  primary  application  for  Centaur 
will  be  placing  the  Army's  Advent  ac- 

tive communication  satellites  in  syn- 
chronous earth  orbits. 

The  system  is  flexible  enough  to 
place  large  payloads  in  precise  orbits 
anywhere  in  the  range  of  from  300  to 
22,000  miles  altitude. 

Later,  Centaur  will  be  used  to  place 
a  payload  on  the  moon.  8 

missiles  and  rockets,  April  2,  1962 23 



So  far  we've  only  scratched  the  surface  at  Northrop  Ventura 

Construction  is  getting  under  way  on  the  new  home 

of  Northrop's  Ventura  Division  (formerly  Radio- 
plane).  Located  in  Ventura  County  50  miles  north- 

west of  Los  Angeles,  it  will  be  ready  for  occupancy  in 
December,  1962. 

We've  only  begun  to  explore  the  capabilities  of 
Northrop  Ventura,  too.  But  what  a  beginning  it  is! 

Item:  Northrop  Ventura  is  making  recovery  sys- 
tems for  every  manned  space  capsule  now  scheduled 

by  the  U.S.,  including  the  landing  systems  which  have 
brought  the  Mercury  astronauts  safely  back  to  earth. 

Item:  Northrop  Ventura  is  now  providing  crew 

escape  systems  for  America's  high  performance manned  aircraft. 



Item:  Northrop  Ventura  target  drones  and  mis- 
siles, surveillance  drones  and  support  systems  are 

now  in  use  by  all  three  U.S.  armed  services  and  14 
foreign  countries. 

The  new  name  and  new  facilities  reflect  Northrop 

Ventura's  increasing  capability  in  fields  where  its 
leadership  is  already  well  known . . .  paradynamics, 

atmospheric  re-entry  and  planetary  landing  systems, 
and  surveillance  systems.  In  addition  the  division  will 

broaden  its  capability  in  nucleonics,  invulnerability 

of  weapons  to  nuclear  effects,  penetration  aids  for 
ballistic  missiles,  and  other  advanced  fields. 
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space  exploration 

Pluto-the  Gateway  to  the  Stars 

Most  distant  of  our  planets  appears  to  have 

great  density,  will  be  in  good  position  from  7969-2009 

by  Robert  L.  Forward 

STEPS  BEYOND  MARS— THIS  IS 
THE  FOURTH  in  a  series  of  articles 
exploring  the  prospects  for  probes 
and  manned  travel  to  the  other  planets 
of  our  solar  system.  Earlier  articles 
discussed  Jupiter  (MR,  Dec.  4, 
1961),  Saturn  (M  R,  Jan.  8)  and 
Neptune  and  Uranus  (M/R,  Jan.  22). 

Author  Robert  L.  Foward  is  a 

Hughes  Research  Laboratories  phys- 
icist who  has  published  many  papers. 

AS  THE  twentieth  century  closes, 
man  will  be  completing  his  first  steps 
into  the  outer  reaches  of  the  solar  sys- 

tem. He  will  now  settle  down  to  a  pe- 
riod of  consolidation  and  an  investiga- 

tion of  just  what  he  has  obtained  for  his 
efforts. 

He  may  find  that  there  are  things  of 
practical  value  out  there.  But  it  is  more 
likely  that  the  result  of  this  efforts  will 
be  more  intangible.  Mostly  he  will  have 
learned  a  great  deal  about  the  capabili- 

ties of  the  human  mind  and  body. 
After  the  solar  system  has  been  ex- 

plored man  will  have  to  wait.  Star 
travel  is  not  a  trivial  problem.  We  are 
stopped  cold  by  the  slow  crawl  of  the 
speed  of  light  and  the  almost  instanta- 

neous winking  on  and  off  of  the  average 
human  lifetime.  If  we  are  lucky,  a 
genius  may  come  along  and  show  us  a 
way  around  the  limitation  of  the  speed 
of  light.  But  it  is  more  likely  that  we 
will  solve  the  problem  in  the  same  way 
that  we  are  pushing  into  the  thermal 
thicket  of  atmospheric  flight — we  will 
engineer  our  way  into  it. 

•  The  planet — Pluto  is  the  outer- 

most member  of  the  solar  system  and 
very  difficult  to  observe.  The  astron- 

omers have  been  able  to  drag  a  few 
facts  out  of  Pluto.  But  the  frustrating 
part  is  that  by  using  these  hard-won 
facts  they  can  easily  prove  that  such  a 
planet  can  not  exist 

It  all  started  back  in  the  1820's when  it  was  found  that  Uranus  was  not 
following  a  smooth  elliptical  orbit.  It 
was  finally  realized  that  the  erratic  be- 

havior was  due  to  another  planet  still 
further  out.  Two  mathematicians  tack- 

led the  problem  and  independently  cal- 
culated the  orbit,  position,  and  mass  of 

the  hypothetical  planet. 
With  the  position  in  the  sky  known, 

it  was  a  simple  matter  for  the  astron- 
omers to  find  the  new  planet,  Neptune, 

which  till  then  had  been  overlooked. 
As  soon  as  Neptune  was  discovered,  the 
orbit  of  Uranus  was  recalculated  and 
this  time  the  observations  fitted  per- 

fectly— almost.  There  were  still  small 
differences  between  the  predicted  and 
the  actual  positions. 

Spurred  on  by  the  success  of  the 
previous  work.  Professor  Percival 
Lowell  thought  that  there  might  be 
another  planet  still  further  out.  He 
calculated  that  it  should  be  four  thou- 

sand million  miles  out  from  the  sun, 
moving  in  an  unusually  elliptic  orbit 
with  a  period  of  280  years  and  a  mass 
of  six  times  that  of  the  earth.  The 
same  figures  were  later  obtained  by  an- 

other prominent  astronomer.  Professor 
W.  H.  Pickering. 

An  object  six  times  more  massive 
than  earth  should  be  easy  to  find;  so  in 
1905,  Professor  Lowell  sat  down  at  his 
moderate-sized  but  adequate  telescope 

and  started  looking.  He  died  without 
finding  it.  It  was  there,  but  it  was  much 
fainter  than  it  had  a  right  to  be  and 
he  had  missed,  it.  Later  searches  with 
photographic  plates  missed  it  although 
it  was  photographed  twice.  Once  it  was 
masked  by  a  bright  star,  and  the  other 
time  the  image  fell  on  a  flaw  in  the 
negative! 

•  High  density  —  It  wasn't  until 1930  that  Pluto  was  found.  The  radius, 
eccentricity  and  period  of  the  orbit  were 
almost  exactly  as  Lowell  has  predicted. 
Because  the  orbital  calculations  were  so 
closely  verified,  there  was  no  reason  to 
doubt  Lowell's  prediction  that  Pluto  had 
a  mass  of  six  times  the  earth's  mass, 
except  that  the  size  of  the  planet  was 
impossibly  small.  It  was  so  small  that  it 
still  looked  like  a  point  through  the telescope. 

It  wasn't  until  1950,  using  the  200- 
in.  Palomar  telescope,  that  Pluto's  diam- eter was  measured.  It  was  roughly 
3600  miles,  or  about  as  big  as  Mer- 

cury. This  would  make  the  density  of 
the  planet  hundreds  of  times  greater 
than  water.  The  earth  is  only  5.5 
denser  than  water  and  Osmium,  the 
densest  known  material,  is  only  22  times 
denser. 
Thus  Pluto  seems  to  be  made  of  col- 

lapsed matter,  except  such  matter  should 
only  be  stable  in  the  interior  of  dwarf 
stars.  Such  a  planet  should  not  exist! 
But  it  does! 

The  astronomers  have  tried  every- 
thing in  an  attempt  to  make  sense  out 

of  what  they  know,  including  "fudg- 
ing" the  numbers  a  little.  There  have 

been  suggestions  that  Pluto  is  a  very 
smooth  sphere  covered  by  large  methane 
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THEORETICAL  METHOD  for  providing  power  for  interstellar 
travel  is  use  of  a  very  large  Laser  in  orbit  close  to  sun.  Laser 
would  convert  random  solar  energy  into  intense,  very  narrow 
light  beams  that  would  apply  radiation  pressure  to  solar  sail 

oceans,  and  the  small  observed  diam- 
eter may  be  due  to  specular  reflection. 

(There  was  a  similar  effect  present  with 
the  Echo  balloon.)  But  there  are  slow 
variations  in  the  intensity  indicating  that 
Pluto  is  rotating  with  a  day  of  154 
hours,  and  one  would  expect  rather 
sudden  changes  in  intensity  from  the 
specular  reflections. 

•  Pluto's  Orbit — The  other  unusual 
thing  about  Pluto  is  its  orbit.  The  orbit 
is  so  egg-shaped  that  it  actually  passes 
inside  the  orbit  of  Neptune,  so  that  they 
would  at  various  times  in  the  past  and 
future  pass  every  close  to  each  other. 
Because  of  the  high  eccentricity  of 

Pluto's  orbit,  during  the  years  from 1969  to  2009  Neptune,  not  Pluto,  will 
be  the  outermost  member  of  the  solar 
system.  Thus,  almost  at  the  very  time 
when  we  will  have  the  capability  of 
making  the  journey,  Pluto  will  be  in  the 
most  favorable  position  for  exploration. 

The  astronomers  feel  that  due  to 
perturbations  from  the  other  planets,  it 
is  improbable  that  Pluto  has  been  in  its 
present  orbit  for  more  than  200  million 
years.  This  is  only  a  small  fraction  of 
the  age  of  the  solar  system;  appar- 

ently Pluto  is  a  stranger  which  arrived 
in  its  present  orbit  from  other  regions 
of  space.  One  suggestion  is  that  it  was 
once  a  moon  of  Neptune. 

•  Bode's  Law — There  is  one  other 
nagging  feature  and  that  is  the  break- 

down of  Bode's  Law  for  Neptune  and 
Pluto.  Bode's  Law  is  an  empirical  for- 

mula for  the  orbits  of  the  planets  and 
the  reason  for  its  acceptance  is  best 
shown  by  the  accompanying  table. 

There  is  obviously  something  wrong 
out  past  Uranus.  It  is  as  if  Pluto  had 

carrying  space  cabin  at  distances  of  light  years.  Rearward  beam 
from  Laser  would  equalize  light  pressure.  Author  Forward  ob- 

serves, however,  that  the  Laser  would  have  to  be  over  10  kil- 
ometers in  diameter.  Therefore  other  methods  must  be  developed. 

300  km/sec.  To  get  to  the  stars  in  any 
reasonable  time,  the  interstellar  probes, 
manned  or  otherwise,  will  have  to  travel 
at  appreciable  fractions  of  the  speed  of 
light  instead  of  an  insignificant  tenth 

percent. •  Anti-matter  rocket  —  To  obtain 
velocities  near  light  using  rockets,  we 
need  to  complete  conversion  of  matter. 
The  most  efficient  nuclear  reaction,  the 
hydrogen  fusion  process,  results  in  only 
a  small  fraction  of  the  initial  mass  being 
converted  into  energy.  An  obvious 
method  for  obtaining  complete  conver- 

sion, which  has  been  proposed  by  many 

people,  is  to  use  an  anti-matter  rocket. 
A  proton  (hydrogen  nucleus)  and 

an  anti-proton  annihilate  each  other,  as 
do  electrons  and  positrons.  Their  mass 
is  completely  converted  into  energy  in 
the  form  of  high-energy  gamma  rays. 

This  sounds  like  a  solution  to  the 
problem — and  it  would  be  a  solution 
if  you  were  a  science  fiction  writer.  But 
if  you  are  a  space  engineer,  there  are 
a  few  little  engineering  details. 

First,  you  must  produce  anti-matter. 
To  do  this  you  must  build  an  ultra- 
high-energy-particle  accelerator  capable 
of  many  amperes  of  beam  current.  (The 
best  site  for  such  a  machine  is  out  in 
space.)  This  is  so  you  can  create  grams 
of  anti-protons  per  second  (1  gram  = 
1023  atoms)  rather  than  the  few  dozens 
of  anti-atoms  produced  by  present 
machines. 

Second,  you  must  store  the  anti- 
matter. Since  anti-matter  cannot  touch 

normal  matter  without  exploding,  you 
have  to  make  the  container  out  of  force 
fields.  Since  the  anti-protons  have  a 
magnetic  moment,  it  might  be  possible 

PLUTO 

Orbital  Radius 

(km) 4—8x10" Period  (days) 90,700 
Rotation  (days) 6.39 
Radius  (km) 

2,900 Mass  (kg) 
5—30x10'*? Density 

(gm/cm3) 

50—300  ? !  ? 

come  along,  interacted  with  Neptune 
and  pushed  it  into  an  inner  orbit,  usurp- 

ing its  proper  place  in  Bode's  Law. What  we  actually  know  about  Pluto 
is  very  little.  But  this  little  bit  that  we 
know  points  out  that  it  is  imperative 
that  we  learn  more  about  it.  In  the 
coming  decades  as  the  Orbiting  Astro- 

nomical Observatory  is  put  into  opera- 
tion and  man  ventures  to  the  outer 

planets,  we  will  get  to  know  it  better. 
If  Pluto  does  turn  out  to  have  a  super- 

high density,  many  important  gravita- 
tional experiments  will  be  called  for, 

and  a  manned  expedition  to  Pluto  would 
be  a  certainty. 

•  To  the  stars — After  visiting  and 
studying  the  solar  system,  man  is  going 
to  have  to  stop  thinking  in  terms  of 
km/sec,  Astronomical  Units,  number  of 
days  flight  time,  minimum  energy  obital 
transfers  and  other  provincial  concepts 
if  he  wants  to  go  out  to  the  stars.  Every 
one  of  his  concepts  will  have  to  be  in- 

creased by  orders  of  magnitude. 
Pluto  is  5  light  hours  away,  the  stars 

are  5  light  years  away.  To  get  to  Pluto 
in  any  reasonable  length  of  time,  we 
will   need   characteristic   velocities  of 
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to  hold  them  in  a  magnetic  bottle,  but 
it  will  probably  be  easier  to  use  electric 
fields. 

One  possible  container  would  be  a 
box  made  of  six  electron  beam  sheets. 
The  anti-protons,  having  been  made  in 
our  accelerator,  would  be  decelerated 
and  injected  into  the  box.  Since  the 
anti-protons  have  negative  charge  they 
will  be  repelled  by  the  negative  electrons 
in  the  sheet  beams  and  collect  in  the 
center.  A  beam  of  anti-electrons  (posi- 

trons) taken  from  any  convenient 
radioactive  material  and  also  injected 
into  the  container  will  be  captured  by 
the  anti-protons  to  form  anti-hydrogen. 

If  there  is  proper  thermal  radiation 
shielding,  we  will  end  up  with  a  ball  of 
liquid  anti-hydrogen,  charged  negative, 
contained  in  a  box  of  electron  beams. 
When  any  of  the  neutral  anti-hydrogen 
atoms  evaporate  off.  as  they  go  near  the 
electron  beams,  the  positron  will  be 
destroyed  by  an  electron  from  the  beam, 
and  the  anti-proton  (with  a  negative 
charge)  will  be  repelled  back  to  the  anti- 
hydrogen  ball.  Similar  beams  could  con- 

ceivably be  used  to  manipulate  the  anti- 
hydrogen  so  it  can  be  squirted  to  the 
rocket  chamber  where  a  stream  of 
normal  hydrogen  can  react  with  it. 

So  far,  we  have  been  talking  about 
things  which  have  a  physically  plausible 

solution,  although  they  may  not  be  tech- 
nically feasible.  We  now  come  to  the 

last  of  the  minor  engineering  details 
that  stand  in  the  way  of  our  anti-matter 
rocket. 

When  the  hydrogen-anti-hydrogen 
streams  collide,  the  matter  in  the  atoms 
will  be  transformed  into  pure  energy, 
but  the  energy  will  be  in  the  form  of 
intense  gamma  radiation.  We  can  stop 
the  gamma  rays  in  heavy  lead  shields 
and  get  our  thrust  this  way,  but  the 
energy  in  the  gamma  rays  will  turn  into 
heat  energy  in  the  shields  and  it  will 
not  be  long  before  the  whole  rocket 
melts.  What  is  needed  is  a  gamma  ray 
reflector — and  such  a  material  does  not 
exist.  In  fact,  there  are  strong  physical 
arguments  against  ever  finding  any  such 
material  since  the  wavelengths  of  the 
gamma  rays  are  smaller  than  the  atomic 
structure  of  matter. 

•  Star  travel  without  rockets — After 
a  short  investigation  into  relativistic 
rocketry,  one  realizes  almost  immedi- 

ately that  standard  reaction  methods  are 
not  the  way  to  obtain  speeds  near  that 
of  light.  If  an  interstellar  vehicle  has 
to  carry  the  energy  sources,  the  propel- 
lant  plant  and  the  reaction  mass,  then 
even  complete  conversion  of  mass  to 
energy  will  not  lessen  the  requirement 
for  large  mass  ratios  if  we  wish  to  ap- 

Fifteen-Man  Mars  Mission 
AN  INFORMAL  CONCEPT  of  five  nuclear  I  electric-powered  vehicles  in  a  hi.sk  font- 
exploration  of  the  planet  Mars  was  advanced  by  NASA's  Ernst  Stuhlinger  and  I.  C.  King 
at  the  recent  American  Rocket  Society  meeting  on  Electrical  Propulsion.  With  three 
men  in  each  vehicle,  and  emergency  quarters  for  all  15  on  any  one  craft,  the  l'A-year 
expedition  woidd  provide  29  days  on  Mars. 

proach  3  X  101"  cm/sec.  Also,  if  even 
a  small  percentage  of  the  energy  goes 
into  heat  instead  of  thrust,  then  the 
lemperature  problems  become  great. 

But  we  have  made  atoms  go  at  the 
speed  of  light.  How  do  we  achieve  these 
relativistic  atomic  particles?  We  do  it 
by  using  a  huge  cyclotron,  with  tre- 

mendous energy  sources,  all  to  push  one 
little  atom.  Thus  we  see  that  to  achieve 
relativistic  velocities  with  interstellar 
vehicles,  the  energy  source  and  reaction 
mass  must  be  external  to  the  vehicle. 
This  sounds  like  an  impossible  require- 

ment, but  one  design  which  fits  this 
concept  is  the  solar  sail.  The  energy 
source  is  the  sun,  and  the  reaction  mass 
is  in  the  reflected  photons. 

•  Lasers — There  is  a  way  to  extend 
the  idea  of  solar  driven  sails  to  the  prob- 

lem of  interstellar  travel  at  large  dis- 
tances from  the  sun.  This  is  to  use  very 

large  Lasers  in  orbits  close  to  the  sun. 
They  would  convert  the  random  solar 
energy  into  intense,  coherent,  very  nar- 

row light  beams  that  can  apply  radia- 
tion pressure  at  distances  of  light  years. 
However,  since  the  Laser  would 

have  to  be  over  10  kilometers  in  diam- 
eter, this  particular  method  does  not 

look  feasible  for  interstellar  travel  and 
other  methods  of  supplying  propulsive 
energy  from  fixed  power  plants  must 
be  found. 

•  Energy  requirements — No  matter 
what  method  we  eventually  find  to  at- 

tain these  speeds,  the  significant  factor 
is  that  we  have  to  give  the  interstellar 
vehicle  an  incredibly  large  amount  of 
kinetic  energy.  Not  ergs  of  energy,  not 
joules  of  energy,  not  even  megawatt- 
hours  of  energy,  but  TONS  of  energy. 
If  an  interstellar  vehicle  is  traveling  at 
half  the  speed  of  light  then  the  mass  of 

E 
its  kinetic  energv  (M  =  — )  is  16%  of 

C* 

the  rest  mass,  or  many  thousands  of 
kilograms  of  kinetic  energy.  This  much 
dynamic  energy  should  inspire  awe  in 
any  engineer  when  he  realizes  that  the 
total  available  electrical  power  output  of 
the  whole  world  for  a  whole  year 
amounts  to  a  few  paltry  kilograms. 

Thus,  interstellar  travel  will  have 
to  wait  until  man  can  generate  and  con- 

trol the  power  of  stars.  But  the  future 
is  not  without  hope.  The  present  in- 

tensive research  on  a  controlled  fusion 
reaction  is  our  first  step  to  the  stars.  8 
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EM PROPOSED  GROUND  PLAN  for  $2-million  Graduate  Center,  to  be  built  in  1963 
on  land  donated  by  Air  Force  near  Arnold  Engineering  Development  Center. 

Tullahoma,  Tenn.  —  A  Graduate 
Center  for  Space  Technology — spon- 

sored by  the  University  of  Tennessee, 
ARO,  Inc.  and  the  Air  Force — has 
moved  a  step  closer  to  reality  with  the 
"enthusiastic  endorsement"  of  the  uni- 

versity's Board  of  Trustees. 
To  be  buUt  on  Air  Force-donated 

land  near  its  Arnold  Engineering  De- 
velopment Center,  the  graduate  school 

is  expected  to  offer  a  wide  range  of 
Space-Age  subjects — not  presently  avail- 

able in  most  U.S.  educational  institutions. 
This  curriculum  is  expected  to  lead 

to  Masters'  and  Doctors'  degrees  in  the 
space  sciences.  The  center  itself  is  en- 

visioned as  "a  natural  channel  through 
which  military  requirements  can  flow 
into  the  Institute's  research  laboratories 
and  into  the  development  and  produc- 

tion plants  of  the  area's  industry." 
•  Proposal  wins  praise — The  idea 

for  a  educational  institution  at  the 
Arnold  Center  was  contained  in  Dr. 

Theodore  von  Karman's  original  study which  led  to  the  establishment  of 
AEDC,  but  the  proposal  had  lain  dor- 

mant until  last  year. 
In  November,  Dr.  B.  H.  Goethert, 

Director  of  Engineering  for  ARO,  op- 
erating contractor  of  Arnold,  proposed 

a  university-sponsored  space  institute. 
This  won  the  backing  of  both  Maj.  Gen. 
William  L.  Rogers,  Commander  of  the 
Arnold  Center,  and  Gen.  Bernard  A. 
Schriever,  Commander  of  the  Air  Force 
Systems  Command. 

Governor  Bufford  Ellington  of  Ten- 
nessee and  President  Andrew  D.  Holt 

of  the  University  of  Tennessee  also 
strongly  endorsed  the  plan. 

Recently,  the  Board  of  Trustees 
authorized  the  university  to  "proceed 
vigorously"  with  planning  graduate  and 
research  programs  in  space  technology, 
soliciting  funds  for  construction  and 
operation  of  the  school,  and  obtaining 
immediately  funds  for  architectural 
drawings  to  be  used  as  the  basis  for 
detailed  construction  plans  and  fund- 
raising. 

Although  some  delay  is  expected  in 
getting  the  project  under  way,  it  is 
hoped  that  classes  in  the  graduate  cen- 

ter will  begin  in  the  fall  of  1963.  The 
delay  results  from  the  fact  that  the 
Tennessee  State  Legislature,  which  must 
appropriate  funds  for  the  project,  does 
not  convene  again  until  February,  1963. 

In  the  interim,  five  committees — 

composed  of  officials  from  the  Arnold 
Center  and  the  University — have  been 
named  to  deal  with  specific  problems, 
including  curriculum,  organization,  fac- 

ulty, laboratories  and  finances. 
Initial  cost  of  the  center  is  expected 

to  be  about  $2  million,  with  annual 
operating  costs  running  to  $500,000- 
$600,000.  Since  the  Air  Force  has 
agreed  to  transfer  more  than  400  acres 
of  land  along  the  shores  of  Woods  Res- 

ervoir to  the  University,  the  initial  out- 
lay will  be  devoted  entirely  to  construct- 
ing and  equipping  the  facility. 
The  Tennessee  legislature  is  ex- 

pected to  appropriate  some  funds.  How- 
ever, additional  support  will  be  solicited 

from  the  Federal  Government,  founda- 
tions and  industry. 

•  Faculty  &  curriculum  —  While 
definite  plans  have  not  been  completed, 
officials  estimate  that  the  initial  faculty 
will  consist  of  approximately  12  full- 
time  professors,  50  graduate  students 
and  10  post-graduate  workers  and  re- 

search assistants. 

Part-time  or  periodical  full-time  em- 
ployment of  the  Center's  faculty  mem- bers by  the  Arnold  Center  will  be 

mutually  beneficial,  AEDC  officials  be- 
lieve, because  it  will  keep  the  faculty 

abreast  of  advances  in  technology  while 

at  the  same  time  allowing  them  to  aid 
in  solving  the  Center's  engineering 
problems. Although  they  in  no  sense  constitute 
a  final  program,  these  subjects  have 
been  suggested  for  the  institute: 

— Astrodynamics. 
—Electronics  of  Space  Technology. 
—Chemical  Propulsion  by  Liquid 

and  Solid  Rockets. 

—Nuclear  &  Electrical  Propulsion. 
—Physics  of  the  Upper  Atmosphere. 
—Structures  and  Materials  under 

Space  and  Re-entry  Temperature  and 
Pressure  conditions. 

—Human  Factors  and  Radiation 
Hazards. 

In  addition  to  the  land,  the  Air 
Force  has  agreed  to  allow  the  graduate 
center  to  use  many  of  its  smaller  proto- 

type test  units  at  AEDC,  and  to  furnish 
support  services  from  its  technical library. 

One  of  the  major  goals  of  the  Uni- 
versity of  Tennessee-ARO-Air  Force 

plan  for  the  graduate  center,  according 
to  Dr.  Goethert,  is  "to  form  together with  the  new  Research  Institute  in 
Huntsville,  Ala.,  the  twin  focus  points 
of  aerospace  research  and  industry  of 
the  South  and,  possibly  also,  of  the 
entire  nation."  tt 
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LEFT:  Aerojet  used 
this  16-ft.  scale  mod- 

el of  Titan  II  to  es- 
tablish design  cri- 

teria in  construction 

of  operational  under- ground launch  silos. 

RIGHT:  Firing  of 

1 1 6th  scale  model 
held  in  place  about 80%  of  the  way  up 

silo  tube  shows  en- 
gine exhaust  exiting 

from  either  side  of 
"W"  deflector. 

Titan  II  Development  Cost  One-Thir 

SUCCESSFUL  flight  of  the  first  storable-fueled  ICBM. 
the  Titan  II,  capped  an  Aerojet-General  engine  development 
effort  accomplished  in  half  the  time  and  at  a  third  of  the 
cost  of  its  predecessor  Titan  I. 

Aerojet-General  spokesmen  credit  this  to  the  Air  Force 

low  cost  of  the  development,  the  Titan  II  engines  are  more 
reliable — they  have  only  one-third  as  many  moving  parts 
as  their  cryogenic  forerunners. 

Titan  II  is  slated  to  be  the  booster  in  NASA's  Gemini 
program.  The  missile  will  be  the  core  of  the  Titan  III,  a 

investment  in  the  Titan  I  technology.  Despite  the  speed  and       composite,  solid-liquid  booster  workhorse. 

EXHAUST  FROM  the  single-roll  control  nozzle  in  the  second  stage  is  seen  at  right. 
Fuel  overboard  line  discharging  actuator-used  fuel  is  visible  to  the  left. 

FINAL  PACKAGING  of  ICBM  first-stage 
engine  is  handled  at  Aerojet's  Sacramento 
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o\  Titan  I's 

Because  of  the  storable  fuels,  little  or  no  countdown  is 
necessary  in  operational  firings.  The  flight  down  the  Atlantic 
Missile  Range  on  March  16  was  preceded  by  a  countdown 
for  tracking  and  other  system  integration  purposes.  The 
ICBM  is  designed  for  quick  response  launchings  from 
underground  silos. FIRST-STAGE  engines  develop  430,000  lbs.  thrust,  yet  design  is 

far  simpler  than  that  of  300,000-lb.  Titan  I  engines. 

hxk<xh:. 

plant  before  the  missile  is  shipped  to 
Martin-Denver,  Titan  prime  contractor. 

BUTYL-COATED  cotton  safety  suits  are 
worn  by  servicing  personnel  at  the  launch 

site.  The  suit  weighs  five  lbs.  and  carries 
a  15-lb.  life  support  pack. 
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space  propulsion 

Electric  Tops  for  High-Energy  Trips 

JPL  study  shows  45,000-lb. 

craft  would  far  surpass 

chemical  or  nuclear-heat- 

exchanger  spaceships 

AN  ELECTRICALLY  propelled 
spacecraft  with  an  initial  weight  of  45,- 
000  lbs.  can  perform  every  one  of  the 
15  high-energy  missions  of  interest  to 
space  scientists. 

Scientists  from  the  Jet  Propulsion 
Laboratory,  California  Institute  of 
Technology,  told  the  recent  Electrical 
Propulsion  Conference  of  the  American 
Rocket  Society  that  comparable  chem- 

ical and  nuclear-heat-exchanger  space- 
craft can  handle  only  seven  and  nine 

of  these,  respectively. 
JPL  has  been  studying  deep-space 

applications  of  electrical  propulsion  en- 
gines for  nearly  two  years.  The  main 

problem  lies  in  the  power  sources.  L. 
D.  Jaffe,  J.  I.  Shafer,  O.  S.  Merrill,  J. 
W.  Lucas  and  D.  F.  Spencer — co- 

authors of  the  ARS  paper — concluded 
that  a  highly  accelerated  research  and 
development  program  is  warranted  for 
both  thermionic  and  turbogenerator 
powerplants. 

The  JPL  scientists,  taking  into  ac- 
count what  they  consider  to  be  realistic 

estimates  of  system  weight,  report  that 
these  two  powerplants  appear  to  have 
comparable  specific  weights — 12  to  14 
lb./kwe  at  the  0.3  to  1.5  Mwe  power 
level. 

Systems  considerations  indicate  that 
the  static  or  thermionic  type  may  be 
preferred.  For  instance,  attitude-con- 

trol requirements  of  the  spacecraft  are 
minimized  with  this  system,  through 
elimination  of  rotating  mechanical  de- 

vices, and  the  radiator  area  is  reduced. 
But  the  most  important  factor  is  the 

inherent  reliability  associated  with  a 
static  system.  The  JPL  experts  say  this 
reliability  can  be  demonstrated  in 
ground  testing. 

•  Reasonable  definition — Studies  at 
JPL  have  progressed  far  enough  so  that 
preliminary  information  is  yielding 
some  pertinent  conclusions. 

In  its  analysis,  JPL  took  the  gross 
payload  as  being  the  weight  of  the 
spacecraft  at  its  destination,  less  the 
propulsion  powerplant  weight.  This  in- 

cludes the  weight  of  scientific  instru- 
ments, telecommunications,  guidance 

and  control  and  associated  structures. 
The  powerplant  weight  is  in  terms  of 
its  electrical  gross  power  level  and  spe- 

cific weight. 

The  discussion  excluded  secondary 
power;  it  was  confined  to  an  electric 
propulsion  system  consisting  of  a  nu- 

clear reactor  feeding  a  power  conver- 
sion system,  dynamic  or  static,  and  an 

electrical  propulsion  unit  with  associ- 
ated tankage  and  controls. 

Performance  calculations  were  based 
on  ion  thrust  units,  but  the  power-con- 

version system  is  equally  applicable  to 
other  electric  concepts. 

The  Nova  was  conceived  as  a  first 
stage  by  the  JPL  researchers.  Six  Fl 
engines  are  topped  by  liquid  oxygen- 
hydrogen  upper  stages. 

The  electric  missions  were  computed 
by  using  constant  thrust  directed  tan- 
gentially  in  the  spiral  trajectories  and 
an  Irving  and  Blum  optimum-thrust 
program  in  the  heliocentric  trajectory. 
Payload  weights  are  therefore  optimis- 

tic by  5-10%. 
The  vehicles  studied  include: 
—The  chemical  Nova,  capable  of 

300,000  lbs.  in  a  300-n.-mi.  Earth  orbit. 
—The  Saturn  nuclear  vehicle,  uti- 

lizing a  RIFT-type  reactor  stage  aboard 
the  S-l  and  estimated  to  have  a  payload 
capability  of  79,000  lbs.  in  Earth  orbit. 

—Electric  vehicles  having  an  8500- 
lb.  initial  weight  in  300-n.-mi.  orbit, 
with  a  300  kwe  powerplant  and  a  45,- 

MISSION  CAPABILITY  comparison  chart  covers  gross  payload 
estimates  for  15  planetary  and  interplanetary  missions  of  interest 
to  space  scientists.  Designation  "no  mission"  signifies  either  that 

the  propulsion  system  is  incapable  of  delivering  any  weight  to 
its  destination,  or  that  the  gross  weight  is  less  than  required 
for  necessary  associated  equipment  and  minimum  experiments. 
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OOO-lb.  initial  weight  in  orbit  with  a 
1500-kwe  powerplant. 

The  combined  weight  of  tempera- 
ture control,  guidance  systems,  etc., 

was  taken  as  1000  lbs.  For  the  chem- 
ical and  direct  nuclear  systems,  an 

additional  500  lbs.  was  allotted  to  the 
telecommunication  power  supply. 

In  the  case  of  the  nuclear  systems, 
allowance  has  been  made  for  thrust  and 
interstage  structure  in  the  dead  weight 
— an  additional  500  lbs.,  the  estimated 
weight  of  spacecraft  structure  for  the 
electric  and  chemical  systems,  must  be 
deducted  in  their  cases  to  present  the 
results  on  a  comparable  basis. 

For  example,  the  JPL  experts  say  a 
useful  mission  with  a  chemical  system 
must  involve  a  gross  payload  of  at 
least  2000  lbs.  At  least  1500  lbs.  is  pred- 

icated for  nuclear  or  electric  systems. 
•  Electric  biggest  potential  —  The 

Nova  has  greater  payload  potential  for 
low-  and  medium-energy  missions, 
whereas  the  electric  systems  are  su- 

perior for  high-energy  missions.  "The nuclear  heat  exchanger  systems  on  the 
Saturn  S-l  stage  nowhere  play  a  singu- 

lar role  in  the  unmanned  exploration 

of  planetary  and  interplanetary  space," say  the  JPL  scientists. 

Vehicle  Capacity  for  15  missions 
Vehicle  type  Number  of  Missions 

Not  Definitely 
Feasible    Marginal  Feasible 

Chemical  Nova 
S-l  +  2  nuclear  stages 300  kwe  electric 

(=   13.5  lb.  kwel 
8500  lb.  initial  wt. 

600  kwe  electric 
1=  13.5  lb.  kwel 
Saturn  C-l   (20,000  lb. al A.) 

1500  kwe  electric 
1=   13.0  lb.,  kwel  0  0  15 
45,000  lb.   initial  wt. 

A  summary  of  the  mission  capability 
of  the  four  vehicles  covered  in  the  bar 
chart  with  the  addition  of  a  600  kwe 
electric  system  for  use  with  a  Saturn 
C-l.  Not  Feasible  refers  to  payload 
definitely  under  the  gross  limits  men- 

tioned above.  Marginal  covers  those 
Systems  capable  of  delivering  a  payload 
within  1000  lbs.  of  minimum  and  Defi- 

nitely Feasible  covers  system  with  capa- 
bilities greater  than  the  other  two. 

The  1500-kwe  electric  system  of 
45,000  lbs.  initial  weight  is  capable  of 
performing  all  indicated  missions:  there 
is  therefore  a  strong  incentive  for  pro- 

ducing such  a  unit. 
The  JPL  scientists  included  Saturn 

C-l  to  indicate  the  type  of  perform- 
ance possible  for  an  intermediate  power 

|  level  with  an  assumed  cluster  of  two 
300-kwe  powerplants.  If  it  is  impossible 
to  obtain  a  vehicle  in  the  45, 000-lb. 
class,  the  Saturn  C-l  would  permit  13 
and  possibly  14  of  the  missions  to  be 
performed.  t» 

Small  Hyprox'  Generators 

Boast  High  Steam  Flow  Rate 

Thiokol's  Reaction  Motors  utilized  parts  from  early 

XLR-99  engines  to  make  low-cost,  quick-acting  units 

A  STEAM  GENERATOR  no  big- 
ger than  a  man  but  capable  of  pro- 

ducing up  to  3.5  million  lbs./hr.  of 
steam  at  pressures  up  to  2000  psi  has 
been  developed  by  Reaction  Motors 
Division,  Thiokol  Chemical  Corp. 

The  "Hyprox"  units  will  achieve  this 
— without  standby  service — within  15 
seconds  of  the  initial  start  signal. 

The  device  is  aimed  at  military  and 
civilian  markets  in  which  primary  con- 

siderations are  low  installation  cost,  high 
flow  rate  and  instant  steam  demand  at 
intermittent  levels.  These  applications 
include  altitude  simulation,  cryogenic 
sub-cooling,  intermittent  vacuum  or 
steam  ejector  drives,  and  pilot-plant 
operations. 

The  Hyprox  generator  operates  on 
hydrogen  peroxide,  gaseous  hydrogen 
and  water  to  produce  the  steam.  The 
H-O;  is  catalytically  decomposed  to  pro- 

duce superheated  steam  and  free  oxygen 
at  its  decomposition  temperature  of 
1380°F.  Gaseous  hydrogen  is  next  in- 

troduced to  burn  with  the  free  0=, 
generating  additional  steam.  The  result- 

ant mixture  is  pure  steam  with  a  tem- 
perature of  approximately  4500°F. Water  is  then  added  to  produce 

more  steam  and  reduce  the  superheat 
to  saturated  dry  steam  or  to  any  de- 

sired degree  of  wet-quality  steam. 
•  Steam  rocket — The  operating  se- 

quence starts  with  the  introduction  of  a 
small  quantity  of  ELOa  into  the  catalyst 
bed.  After  this  preheating  step,  full 
peroxide  flow  is  initiated.  The  gaseous 
hydrogen  is  partially  diverted  through 
a  pre-heat  coil  submerged  in  the  decom- 

posed peroxide  stream,  permitting  spon- 
taneous burning  with  the  oxygen  with- 

out ignition  devices. 

Water  enters  the  unit  through  a 
cooling  jacket,  increasing  its  own  en- 

thalpy by  heat  transfer,  and  is  ejected 
in  sufficient  quantity  to  generate  the 
desired  quality  of  steam.  Automatic  pre- 
and  post-operation  controls  purge  the 
Hyprox  system  completely. 

Steam  temperature  is  instantly  regu- 
lated by  "dialing  in"  the  proper  water 

injection  rate.  All  controls  and  valving 
are  integrally  mounted  on  the  Hyprox 
package.  All  generators,  and  their  asso- 

ciated support  systems,  are  designed  and 
manufactured  to  ASME  and  ASA  speci- 

fications for  fired  and  unfired  pressure 
vessels. 

Part  of  the  history  of  this  family  of 
generators  is  associated  with  the  XLR- 
99  variable-thrust  rocket  engine,  devel- 

oped by  the  division  for  the  X-15  pro- 
gram. Some  of  the  hardware  in  the 

prototype  steam  units  was  salvaged 
from  early  XLR-99  engine  firings. 

The  Hyprox  units  run  in  size  from 
40,000-lb./hr.  units  to  3.5  million  lbs./ 
br.  The  required  floor  space  is  between 
4  and  64  sq.  ft.  This  is  considerably 
smaller  than  the  area  occupied  by  water- 
tube  steam  generators  of  the  same 
capacity. 

All  of  the  units  are  equipped  with 
fail-safe  controls.  Each  unit  is  com- 

pletely automatic  in  starting  and  de- 
livers on-the-line  steam  at  the  flick  of 

a  switch. 

The  auxiliary  system  includes  a  per- 
oxide supply,  a  water  source,  hydrogen 

bottle  cascades  with  associated  mani- 
folds and  regulators,  and  a  small  nitro- 

gen bottle  bank  for  purging.  None  of 
the  equipment  and  buildings  normally 
associated  with  conventional  steam 

plants  are  required.  ♦« 
missiles  and  rockets,  April  2,  1962 

35 



sounding  rockets 

Program  To  Get  $10  Million  for  R&D 

R.m.«-n.'-        .~L  - 
FIRST  IRIS  sounding  rocket — launched 
July  22,  1960,  from  Wallops  Is.,  carried 
150  Ihs.  of  instruments  to  140-mi.  altitude 
in  performance  checkout. 
36 

by  William  Beller 
THE  NATION'S  sounding  rocket 

program  is  expected  to  be  funded  at 
$10  million  for  research  and  develop- 

ment during  Fiscal  Year  1963 — a  sub- 
stantial increase  over  the  $7  million 

budgeted  for  the  purpose  for  the  cur- 
rent fiscal  year. 

The  funding  level  would  apparently 
have  gone  even  higher  if  some  of  the 
investigations  seemingly  suited  to  verti- 

cal probes  had  not  been  recast  for  satel- 
lites. Nevertheless,  the  unique  scientific 

value  of  sounding  rockets  is  seen  main- 
taining the  national  program  level  close 

to  the  Fiscal  '63  figure  for  the  next 
few  years. 

•  Rockets  vs.  satellites — The  civilian 

space  agency's  Goddard  Space  Flight Center  about  three  years  ago  set  up  the 
sounding  rocket  program  chiefly  for  two 
reasons:  to  help  get  scientific  data  for 
geophysical  and  astronomical  studies; 
and  to  have  an  inexpensive  way  to  test 
under  space-like  conditions  some  of  the 
equipment  destined  for  satellites. 

When  the  program  was  started,  God- 
dard scientists  expected  that  university 

and  industry  investigators  would  use 
about  80%  of  the  total  payload  of 
scientific  rockets;  in-house  scientists 
would  take  the  rest.  This  did  not  happen. 

During  the  program's  first  two 
years,  only  53  of  the  144  rockets  fired 
were  for  out-of-house  programs.  The 
scientific  work  still  had  to  be  done  but 
university  and  industry  scientists  seem- 

ingly were  being  drawn  more  toward 
satellites  than  vertical  probes.  In  many 
instances,  the  glamour  of  having  an  ex- 

periment aboard  an  orbiter  did  not  play 
a  part  in  the  decisions. 

Meanwhile,  Goddard  is  encouraging 
universities  and  industry  to  take  ad- 

vantage of  the  rocket  probe  program 
and  the  many  scientific  benefits  it  offers. 
The  low-key  campaign  has  been  some- 

what successful,  and  increasing  num- 
bers of  out-of-house  proposals  are  being 

received  and  accepted. 
•  New  rockets — Last  year  the  Na- 

tional Aeronautics  and  Space  Adminis- 
tration fired  70  sounding  rockets,  prin- 
cipally from  its  Wallops  Island  facility. 

Launchings  were  also  made  from  Fort 
Churchill,  Canada,  and  from  Australia's Woomera  range. 

Two  new  rockets  were  introduced 

during  1961:  the  Nike-Apache,  launched 
May  25  from  Wallops  on  the  first  of 

a  string  of  five  successful;  and  Bristol's Skylark,  launched  successfully  four 
times  (which  comprised  its  program 
with  NASA). 

Goddard  is  scheduled  to  buy  five 
Aerobee  350's  in  the  next  fiscal  year. 
This  Space-General  rocket  is  expected 
to  lift  a  150-lb.  payload  to  an  altitude 
of  350  miles.  The  Center  is  also  plan- 

ning to  buy  two  Astrobee  1500's  as  re- 1 
placements  for  Argo  D-8's.  The  two- staged  Astrobee  will  have  about  the 
same  performance  as  the  four-staged 
D-8  but  will  tend  to  have  better  relia- 

bility because  of  the  fewer  stages. 
The  Navy  is  developing  the  Archer 

rocket-system  to  make  synoptic  meas- 
urements of  solar  radiations.  Using  an 

Atlantic  Research  motor,  the  vehicle  is 
in  part  being  supported  by  NASA, 
which  hopes  to  use  it  as  a  vertical 
probe  able  to  carry  40  lbs.  to  a  100-mile altitude. 

•  Help  needed  —  The  sounding 
rocket  program  calls  for  sending  ver- 

tical probes  as  far  out  as  one  earth's radius.  Goddard  has  exploited  only  a 
small  part  of  this  charter  and  is  cur- 

rently looking  for  better  ways  to  fulfill  it. 
"We  have  a  requirement  for  a 

rocket  that  will  carry  100  to  125  lbs. 
to  about  300  miles'  altitude  and  which 
will  allow  us  to  recover  the  payload," 
says  Karl  Medrow,  head  of  God- 
dard's  Sounding  Rockets  Instrumenta- tion Branch. 

Another  requirement  is  for  a  rocket 
able  to  reach  3000  miles'  altitude  with 
a  250-lb-payload.  The  payload  must  be 
able  to  re-enter  without  burning,  so 
that  it  can  be  recovered.  Such  a  ve- 

hicle would  be  used  to  send  aloft  nu- 
clear emulsion  packages  and  biological 

specimens. 
Medrow  said  he  could  not  overem- 

phasize the  need  for  a  way  to  recover 
the  payloads.  A  successful  method  calls 
for  a  predictable  trajectory  plus  a  slow 
terminal  descent  probably  by  parachute 
or  balloon. 

The  problems  that  arise  are  illu- 
strated by  last  November's  two  BIOS 

firings:  launched  by  an  Argo  D-8 
rocket,  the  BIOS  I  capsule — designed 
to  determine  the  effects  of  radiation 
belts  on  living  matter — went  only  half- 

way down  range;  and  the  backup  BIOS 
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//  did  not  achieve  full  altitude.  Conse- 
quently, the  fleet  of  ships  poised  to 

rescue  the  BIOS  payloads — 85-lb.  cap- 
sules parachuting  into  the  sea — failed 

to  find  them. 

"It  would  help  tremendously  if  we 
could  guide  the  rockets,"  says  Medrow. 
He  pointed  out  that  NASA's  sounding 
rockets  are  unguided,  the  fins  used  not 
for  control  but  for  aerodynamic  sta- 

bility. He  repeated,  "We  need  a  cheap, 
lightweight  system — and  anybody  who 
has  one,  we  surely  want  to  see  it." 

•  There's  payload  room — Goddard 
is  eager  to  get  industry  as  well  as  many 
more  university  scientists  participating 
in  the  sounding-rocket  program.  "We'd 
like  to  have  the  institutions  make  pro- 

posals and  if  they're  good  ones  and  the 
exploratory  types,  we're  sure  they'll  be 
approved  and  we'd  be  delighted  to  carry 
them."  He  sadly  noted  that  even  now few  universities  seem  to  be  interested. 

Industry  is  welcome  to  suggest  ex- 
periments too,  and  once  proposals  are 

submitted  to  Goddard,  Medrow  indi- 
cated they  will  be  speedily  examined 

and  acted  upon.  Moreover,  "We  try  to 
carry  industrial  and  university  'hitch- 

hikers' whenever  possible,  and  there  is 
no  charge  for  this  service  if  the  experi- 

ments hold  promise  of  contributing  to 
basic  research." 

•  Why  vertical  probes?  —  Even 
though  the  sounding  rocket  has  a  short 
life  in  space,  it  is  described  as  a  power- 

ful and  unique  scientific  instrument  for 
upper  atmospheric  research: 

—The  sounding  rocket  is  the  only 
vehicle  that  can  make  effective  scientific 
investigations  in  the  region  from  20  to 
100  miles  above  the  earth. 

—It  can  get  preliminary  geophysi- 
cal and  astronomical  data  which,  in 

turn,  can  be  used  as  a  guide  for  develop- 
ing more  sophisticated  experiments,  per- 

haps with  satellites. 
—  Sounding  rockets  can  also  test 

prototype  instrumentation  which  later 
will  be  used  in  satellites. 

—A  scientist  can  send  a  sounding 
rocket  up  to  make  measurements  at  the 
time  and  place,  within  limits,  he  wants. 

—For  certain  experiments,  the 
sounding  rocket  is  selected  because  of 
the  relative  ease  and  low  cost  of  pay- 
load  recovery  operations.  However, 
when  satellite  recovery  operations  are 
improved  the  situation  may  change. 

—Unlike  current  satellites,  sounding 
rockets  can  carry  relatively  large  power 
supplies. 

Goddard  is  working  toward  a  family 
of  probes  that  will  be  able  to  make 
cheap  and  simple  vertical  soundings  in 
the  territory  beneath  the  lowest  satellite. 
When  these  vehicles  are  devised,  and 
their  payloads  are  recoverable  with  reg- 

ularity, then  NASA  will  be  ready  more 
fully  to  explore  and  exploit  a  vast  new 
field.  » 

®  Silvercote 

A  Trademark  for 

Precision  Quality  Wire 

BERYLLIUM  COPPER,  BRONZES,  BRASS 
NICKEL  CLAD  COPPER,  Ni-CLAD-Ti, 
NICKEL  SILVER,  ALUMINUM,  TITANIUM 

For  Springs 

jj^jj  makes  Silvercote  Beryllium copper-hardenable  or  temper- 
ed. Phosphor  Bronze  grade  A 

and  grade  C  and  Nickel  Silvers. 

For  Wire  Wrap  Terminals 

j^Sjj  makes  Square  and  Rectan- 
gular wire  with  controlled  cor- 

ner radius  in  grade  A  Bronze 
and  Silvercote  Beryllium  Copper. 
Hardness  and  temper  to  suit 

application. 

For  Connectors 

I  makes  flat  and  rectangular 
Phosphor  Bronze,  Grades  A,  C 
and  E.  Hardenable  Silvercote 

Beryllium  Copper.  Made  in  tem- 
per to  suit  specific  applications. 

For  Welded  Circuitry 
makes  Nickel  clad  copper 

and  pure  Nickel  in  flat,  or 
square  shape.  For  ceramic  to 
metal  seal,  Nickei-clad-Titanium. 

Precision  gauges  from  Vs  to  .002. 
Close  tolerances  in  round,  flat  or 
square  shape.  Furnished  bare, 
plated  or  solder  coated. 

LITTLE  FALLS  ALLOYS.  INC. 

180  CALDWELL  AVENUE 
PATERSON  1.  NEW  JERSEY 
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CODE: 

1  — Seattle  World's  Fair 
2  —  Western  Space  Age  Industries  &  Engrg.  Exposition 
3  —  American  Helicopter  Society 
4  —  Armed  Forces  Day 
5 — Navy  League 
6  —  Air  Force  Association 
7  —  Association  of  the  U.  S.  Army 
8  —  National  Defense  Transportation  Association 
9  —  American  Rocket  Society 
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No No 
X 

No 

X 
Bell  Aerospace  Corp. 

No No 
X X 

No 
X X 

No 
7 

The  Bendix  Corp. No No 

X* 

No No No 
No 

No 
No 

The  Boeing  Company X 
No 

? No No 
No No 

? 
No 

Cessna  Aircraft  Co. 
No No 

X X 
No No No No 

No 
Continental  Motors  Corp. No 

No 
X 7 No X X 

No No 

Curtiss-Wright  Corp. No No 
No 

X 
No 

X X 

No 

X 
Dallas  Airmotive  Inc. 

No No No No No 
No 

No 
No No 

Douglas  Aircraft  Co. No No 
No No 

? ? ? 
No 

7 
The  Garrett  Corp. 

No 
No X No No No X 

No No 

General  Dynamics  Corp. ? ? ? ? 7 ? ? ? 7 
General  Electric  —  Cincinnati 

No No 
? ? X ? ? No 7 

General  Electric  —  Schenectady X 7 X ? X X X ? X 
General  Motors  —  Allison  Div. No 

No 
X No No No 

No 
No 7 

General  Precision,  Inc. 
No No No No 

X X 
No No No 

B.  F.  Goodrich No No No 
No 

No No No No X 
Goodyear  Aircraft  Corp. 

No 
X 

No No No No 
X 

No 

X 
Grumman  Aircraft  Engrg.  Corp. 

No 
No X X X X X No 7 

Gyrodyne  Co.  of  America ? No ? 
No No No 

? ? 
No 

Hiller  Aircraft  Corp. 
No 

X X 
No No No 

X 

No 
No 

Hughes  Aircraft  Co. 
No No No No No 

No No 
No No 

IBM  Corporation X 
No No No 

X X X 
No 

X 
The  Kaman  Aircraft  Corp. 

No No 
X X 

No No No No No 

Lear,  Incorporated! No No 
No 

No No ? 
No 

No X 
Ling-Temco-Vought  Inc. 

No No No No No 
No 

No No 
No 

Lockheed  Aircraft  Corp. 
No 

X 
No 

No X X X 
No 

No 
The  Marquardt  Corp. 

No No No No No 
? 

No No 

X 
Martin  Co.  —  Div.  Martin  Marietta 

No 
X No X X X X No X 

McDonnell  Aircraft  Corp. No 
No No 

X ? 7 
No No 

No 
Minneapolis-Honeywell 

No No No 
? 

No 
7 

No No 
7 

North  American  Aviation  Inc. 
No 

X No X X X X 
No 

X 
Northrop  Corporation No No No No No 

No No No No 

Republic  Aviation  Corp. 
No 

No X ? ? ? 

■> 

? X 
Rohr  Corporation X 

No No No No No No 
No 

No 

Ryan  Aeronautical  Co. 
No No No 

X X X X 

No 

X 
Solar  Aircraft  Co. ? ? ? ? ? ? ? ? 7 

Sperry  Gyroscope  Co. 
No 

No No X No X X 
No 

X 
Thiokol  Chemical  Corp. 

No No No 
No No 

No No No 
X 

Thompson  Ramo  Wooldridge 
No 

? 
No 

X X 
No 

X No X 
United  Aircraft  Corp. 

No No 
X X 

No No No 
No X 

Westinghouse  Electric  Corp. No 
No 

No No 
No No No No No 

*  Four  divisions  participating. 
t  May  change  in  the  event  of  Siegler-Lear  merger. 
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Survey  Shows 

Firms  Cutting 

Exhibit  Plans 

A  STRONG  downward  trend  in  in- 
dustry participation  in  trade  shows  and 

exhibits  is  disclosed  in  a  survey  by  the 
Aerospace  Industries  Association. 

AIA  queried  its  members  on  plans 
for  participation  in  nine  industry  events 
scheduled  for  this  year.  Voting  showed 
an  overwhelming  sentiment  against 
participation.  Not  all  major  shows  were 
included  in  the  query. 

Some  45  firms  or  divisions  re- 
sponded to  the  poll.  There  were  255 

negative  votes,  94  affirmative,  and  56 
undecided. 

Not  one  show  attracted  a  majority 
of  the  firms  replying.  Of  the  two  receiv- 

ing the  most  affirmative  votes — the American  Rocket  Society  meeting  in 
Los  Angeles  in  November  and  the  Air 
Force  Association  meeting  in  Las  Vegas 
in  September  the  ARS  came  closer  to 
an  even  split:  17  firms  said  they  plan 
to  participate  in  the  ARS  exhibit;  19 
said  they  do  not.  Nine  were  undecided. 

The  voting  indicated  a  2-to-l  senti- 
ment against  participation  in  the  AFA 

exhibit.  There  were  24  negative  an- 
swers, 12  affirmative  and  9  undecided. 

Preliminary  returns  clearly  show  a 
trend. 

A  major  factor  working  against 
company  participation  in  trade  shows 
and  exhibits  this  year  has  been  Con- 

gressional and  Department  of  Defense 
action  revising  the  allowability  clause 
for  exhibits.  These  no  longer  can  be 
written  off  as  a  contract  cost  item. 

Another  factor  has  been  a  congeal- 
ing of  industry  sentiment  against  par- 

ticipation. Representatives  of  many 
firms  have  questioned  its  value. 

AIA  itself  late  last  year  urged  its 
members  to  avoid  costly  exhibits. 

Replies  to  the  AIA  poll  show  the 
following  totals  as  of  March  20: 

Seattle  World's  Fair,  7  yes,  35  no, 
3  undecided;  Western  Space  Age  and 
Engineering  Exposition,  6  yes,  35  no, 
4  undecided;  American  Helicopter 
Society,  13  yes,  27  no,  5  undecided; 
Armed  Forces  Day,  12  yes,  26  no,  7 
undecided;  Navy  League,  12  yes,  29  no, 
5  undecided;  Air  Force  Association,  12 
yes,  24  no,  9  undecided;  Association  of 
the  U.S.  Army,  16  yes,  21  no,  8  un- 

decided; National  Defense  Transporta- 
tion Association,  0  yes,  39  no,  6  un- 

decided; American  Rocket  Society,  17 
yes,  19  no,  9  undecided. (See  editorial,  p.  46) 
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The  Industry  Week 

Martin  Procurement  Widespread 
The  Martin  Co.  spent  almost  a  third  of  its 

$371.4  million  in  purchases  last  year  with  small 
businesses,  which  accounted  for  some  three-quarters 
of  the  company's  suppliers.  California  received  the 
largest  share  of  procurement  dollars — more  than 
$62.4  million.  New  York  was  second  with  $58.6 
million. 

New  Names  in  the  Industry 
Bellcom,  Inc.  has  been  formed  to  supply  system 

engineering  support  to  the  U.S.  space  flight  pro- 
gram. The  corporation,  announced  by  the  Bell  Tele- 
phone Labs,  is  owned  jointly  by  AT&T  and  the 

Western  Electric  Company.  The  organization  will 
provide  NASA  with  system  studies  and  technical 
facts  to  be  used  in  making  decisions  in  the  manned 
flight  program.  .  .  .  Physics  Technology  Laborato- 

ries has  been  organized  in  San  Diego,  Calif.,  as  a 
basic  and  applied  R&D  company.  The  firm  will 
conduct  studies  in  astrophysics  and  other  fields, 
including  solid-state,  plasma,  nuclear,  surface, 
atomic,  and  electron  physics.  .  .  .  Siliconix  Inc.. 
was  formed  in  Sunnyvale,  Calif.,  to  manufacture 
and  market  integrated  electronic  circuits  and  other 
semiconductor  products.  The  company  was  formed 
by  a  group  of  semiconductor  scientists  at  the  Elec- 

tronic Engineering  Co.  of  Calif.,  and  the  Baldwin 
Piano  Company.  .  .  .  Sulfrian  Cryogenics,  Inc.,  has 
been  founded  in  Hillside,  N.J.,  as  an  engineering 
and  manufacturing  organization,  operating  ex- 

clusively in  the  low-temperature  field.  The  com- 
pany will  produce  liquefied  and  atmospheric  gases 

and  high-vacuum  storage  and  transport  containers 
for  use  with  liquid  gases. 

News  of  Mergers  and  Acquisitions 
Marshall  Industries,  San  Marino,  Calif.,  acquired 

Preston  Scientific,  Inc.,  a  digital  instrument  manu- 
facturer. Preston  will  operate  as  an  autonomous 

subsidiary  of  Marshall.  .  .  .  Allied  Research  Asso- 
ciates, Inc.,  directors  approved  acquisition  of  Radi- 
ation Counter  Labs,  Inc.,  Skokie,  IU.  Both  firms 

have  been  engaged  in  the  nuclear  instrumentation 
field.  .  .  .  Globe  Electronics  Co.  has  merged  with 
G.  C.  Electronics  Co.,  Rockford,  111.  .  .  .  Airaterra 
and  Roylyn,  Inc.  have  consolidated,  with  Roylyn 
becoming  a  wholly  owned  subsidiary  of  Airaterra. 
The  firms  do  R&D,  design  and  production  of  aero- 

space hardware.  .  .  .  Resistoflex  Corp.,  Roseland, 
N.J.,  acquired  Zallea  Bros.,  Wilmington,  Del.,  pro- 

ducer of  metal  expansion  joints  for  the  chemical 
and  process  industries.  .  .  .  The  Cosmodyne  Corp., 
Hawthorne,  Calif.,  purchased  total  assets  of  A  &  S 
Allen  &  Sons,  Paramount,  Calif. 

New  Industry  Facilities 

Raybestos-Manhattan,  Inc.,  will  occupy  a  new 
plant  at  Manheim,  Pa.,  this  month  in  an  expansion 
move  to  meet  increased  demand  for  the  company's 
reinforced  plastic  materials  and  insulators  in  the 
missile/space  industry.  .  .  .  Cryogenics,  Inc.,  relo- 

cated its  management,  administrative  and  market- 
ing staffs  to  make  more  manufacturing  space 

available.  .  .  .  Arwood  Corp.  opened  a  fully  inte- 
grated investment  casting  foundry  in  Cleveland. 

.  .  .  Joseph  Kaye  &  Co.,  Inc.,  Cambridge,  Mass., 
established  a  manufacturing  division  to  produce 
thermoelectric  devices  for  industrial  and  laboratory 
applications.  Kaye  is  a  consulting,  research  and 
development  firm  in  fluid  flow,  thermodynamics, 
and  thermoelectricity.  .  .  .  Douglas  Aircraft  Co. 
formed  Vortec  Products  Co.,  Long  Beach,  Calif.,  to 
develop,  manufacture  and  market  products  using 
principles  of  fluid  dynamics.  .  .  .  Daystrom,  Inc., 
is  expanding  its  Worcester,  Pa.,  Transicoil  Div.  .  .  . 
Maxson  Electronics  Corp.  is  building  laboratory 
and  production  facilities  at  Great  River,  L.I.,  N.Y. 
The  buildings  will  contain  225,000  sq.  ft.  of  floor 
space.  .  .  .  Aero  Mechanism,  Inc.,  manufacturer  of 
pressure-sensing  devices,  moved  to  larger  facilities 
in  Van  Nuys,  Calif.  .  .  .  Contronics,  Inc.,  Boston, 
is  building  a  new  facility  in  Tewksbury,  Mass.  .  .  . 
U.S.  Time  Corp.  is  constructing  a  new  building  in 
Irvington-on-theHudson,  N.Y.,  to  house  expanded 
R&D  facilities  including  controlled  lab  areas  for 
highly  precise  gyroscopic  mechanisms.  .  .  .  Electro- 
Optical  Systems,  Inc.,  broke  ground  for  a  new  $2.2- 
million  R&D  facility  at  Pasadena,  Calif.  Divisions 
to  be  housed  in  the  new  complex  will  include 
Advanced  Power  Systems,  Solid  State,  Advanced 
Electronics  and  Information,  and  Quantum  Phys- 

ics. Specialized  facilities  for  space  hardware  de- 
velopment include  environmental  test  devices  to 

simulate  temperature,  vibration  and  shock,  and 
special  rooms  which  are  dust-free  and  humidity  - 
and  temperature-controlled.  .  .  .  The  Mitre  Corp. 
formed  two  new  departments,  Tactical  Systems 
and  Strategic  Systems.  Tactical  Systems  will  work 
on  peacetime,  cold  war  and  limited  war  planning 
operations.  Strategic  Systems  will  be  mainly  con- 

cerned with  Strategic  Air  Command  and  Control 
Air  Command  and  Control  System. 

International  News  Briefs 

Varian  Associates,  Palo  Alto,  Calif.,  and  Com- 
pagnie  Frangaise  Thomson-Houston,  Paris,  an- 

nounced plans  to  create  a  jointly  owned  microwave 
tube  company  in  France.  The  new  firm.  Thomson- 
Varian,  will  concentrate  on  the  European  market 
and  is  expected  to  emphasize  its  klystron  tube  ca- 

pabilities. The  French  parent  firm  will  hold  51% 
interest  in  the  company.  Operations  are  expected 
to  begin  July  1.  .  .  .  Sweden's  contribution  to  the 
European  Space  Research  Organization  will  be  $16 
million,  or  5%  of  the  total  cost.  Kiruna  in  North 
Sweden  is  reportedly  favored  as  suitable  for  a  high- 
altitude  rocket  base.  Installations  proposed  include 
the  rocket  base  and  a  satellite  observation  station. 
.  .  .  Norton  Co.,  Worcester,  Mass.,  purchased  con- 

trolling interest  in  an  English  machine  tool  plant 
for  manufacture  of  its  grinding  and  lapping  ma- 

chines. The  facility,  R.  Woodvine  and  Son,  Ltd., 
is  located  in  Shrewsbury,  about  160  miles  from 
London.  .  .  .  National  Research  Corp.  established 
a  sales  office  in  Geneva,  Switzerland. 
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contracts 

AIR  FORCE 

$22,300,000  —  American  Machine  &  Foundry 
Co.,  Greenwich,  Conn.,  for  work  on 
Titan  I  launching  system  and  for  research 
and  development  for  Titan  I  and  II  plus 
related  ground   and  support  equipment. 

$12,000,000 — ThJokol  Chemical  Corp.,  Bristol. 
Pa.,  for  production  of  Minuteman  motors 
and  related  material  (supplemental  con- tract) . 

$7,550,000  —  Aerojet-General  Corp.,  Sacra- 
mento, Calif.,  for  research  and  develop- ment for  the  Minuteman  Stage  II  motor 

supplemental  contract) . 
$7,000.000 — Sperry  Gyroscope  Co.,  Great  Neck. 

N.Y.,  for  instrumentation  of  C-4  ships  to 
use  on  the  Atlantic  Missile  Range  (sup- 

plemental contract). 
$6,582,030  —  General  Dynamics  Corp.,  San 

Diego,  Calif.,  for  procurement  of  equip- ment and  manufacture  of  Atlas  boosters 
in  support  of  Nike-Zeus  program  (2 contracts) . 

$6.000,000 — Radio  Corp.  of  America,  Burling- 
ton, Mass.,  for  final-stage  vehicles  and 

services  in  support  of  a  satellite  program 
$4.900,000 — Hercules  Powder  Co.,  Wilmington. 

Del.,  for  research  and  development  for  the 
Stage  in  Minuteman  motor. 

$4,837,000— Philco  Corp.,  Palto  Alto.  Calif.,  for activities  connected  with  the  satellite 
control  subsystem  program. 

$4,692,876 — Lockheed  Aircraft  Corp.,  Sunny- 
vale, Calif.,  for  equipment  and  related 

items  for  a  space  satellite  communica- 
tions and  controls  system  and  for  re- 
search and  development  for  space  satellite 

vehicle  programs  (2  contracts) . 
$4,530,090  —  General    Dynamics    Corp.,  San 

(A ERO 

DYNAMIC  1ST 

CAREER  APPOINTMENT 
The  Applied  Physics  Laboratory  of 
the  Johns  Hopkins  University  pub- 

lishes the  HANDBOOK  OF  SUPER- SONIC AERODYNAMICS  under 
cognizance  of  the  U.  S.  Navy.  A  PL 
now  wishes  to  appoint  an  Aero- 
dynamicist  to  its  technical  staff  to 
critically  review,  edit,  and  occasion- 

ally rewrite  manuscripts  for  this 
publication.  The  appointment  is  per- manent. 
The  position  requires  a  B.S.  in  aero- nautical engineering,  aerodynamics, 
or  physics,  plus  experience  in  aero- dynamics, aeronautical  engineering, 
or  propulsion.  Technical  writing  or 
editing  experience  in  these  areas  is desirable. 
A  PL  is  located  in  a  residential  sub- 

urb of  Washington,  D.  C,  giving  you 
a  choice  of  city,  suburban  or  country 
living.  Five  nearby  universities  offer 
graduate  study.  Public  schools  are 
excellent. 
Direct  your  Inquiry  toi 
Professional  .staff  Appointments 

The  Applied  Physics  Laboratory 

The  Johns  Hopkins  University 
1643  Georala  ATean* 
Sll'rr  sprlag.  Maryland 
(Suburb  of  Washington,  D.  C.) 
An  Equal  Opportunity  Employer 

Diego.  Calif.,  for  provision  of  launch  sup- 
port and  related  services  to  space  satellite 

programs  (supplemental  contract). 
$3,788,000  —  Pan  American  World  Airways, 

Inc.,  New  York  City,  for  an  increase  in 
funds  to  contract  AF  08(606) -3413,  23 Feb.  62. 

$3.400,000 — General  Dynamics  Corp.,  San 
Diego,  for  engineering  design,  develop- ment and  fabrication  of  Atlas  boosters 
for  space  programs  and  for  provision  of 
ground  equipment,  spare  parts  and  special 
tools  during  Installation  and  checkout  of 
Atlas  missiles  (2  contracts). 

$3,230.000 — General  Electric  Co.,  Philadelphia 
and  Pittsfield,  Mass.,  for  work  on  Project 
Advent  and  for  four  radar  antennas  for 
use  in  the  MISTRAM  precision  missile 
trajectory  measurement  system. 

$2,500,000  —  General  Electric  Co.,  Syracuse. 
N.Y.,  for  two  each  radomes  installed  to 
protect  radar  antennas. 

$2,434,181— Cutler-Hammer,  Inc.,  Deer  Park. 
N.Y.,  for  production  of  an  electronic 
countermeasures  system. 

$1,918,850  —  Aerospace  Corp.,  El  Segundo. 
Calif.,  for  providing  systems  engineering, 
technical  direction  and  management  serv- 

ices for  ballistic  missile  and  space  pro- 
grams (supplemental  contract) . 

$1,887,936  —  Dow  Chemical  Co.,  Midland. 
Mich.,  for  development  and  evaluation  of 
solid  propellants. 

$1.500.000— Philco  Corp.,  Palo  Alto,  Calif.,  for activities  in  connection  with  the  satellite 
program  (supplemental  contract) . 

$1.404,000 — Martin  Marietta  Corp.,  Denver,  for 
services  connected  with  activating  Titan 
sites  at  Buckley  ANG  Base.  Colo. 

$1,306,000  —  Electro-Optical  System,  Inc., 
Pasadena.  Calif.,  for  applied  research  and 
development  of  a  cesium  contact  ion 
engine. 

$1,300.000 — Federal  Electric  Corp.,  Paramus, 
N.J.,  for  installation  of  an  interim  tro- 
pospheric  scatter  communications  system 
(supplemental  contract). 

$1,200,000 — General  Telephone  and  Electronics 
Corp.,  Mountain  View,  Calif.,  for  a  minia- ture electronic  security  system  for  the 
Minuteman  program,  work  to  be  done  by 
the  Reconnaissance  System  Laboratories 
of  Sylvania  Electric  Products,  Inc. 

ARMY 
$4,263,255  —  Hayes  International  Corp.,  Bir- 

mingham, Ala.,  for  continued  production 
of  Pershing  missile  trainers  and  for  com- 

ponents for  the  trainers. 
$3,782.080 — Western  Electric  Co.,  Burlington, 

N.C..  for  repair  parts  to  support  improved 
radar  equipment  for  the  Hecules  missile 
system. $1,920,000  —  Martin  Marietta  Corp.,  Martin/ 
Orlando.  Fla..  for  Pershing  missile  trainers. 

$1,753.780 — The  Bell  Aerosystems  Co.,  Buffalo. 
N.Y.,  for  development  of  air  and  ground 
equipment  for  the  USD-l  drone. 

$1,545,723  —  The  Jan-Mar  Construction  Co., 
Golden  Valley,  Minn.,  for  construction  of 
a  missile  assembly  building  at  Vanden- 
berg  AFB.  Calif. 

$1,165,861— Curtis  Wright  Corp.,  Wooldridge. 
N.J.,  for  production  of  rocket  motor  cases 
for  the  Pershing  missiles. 

$1,000,000  —  Pan  American  World  Airways, 
Inc.,  New  York  City,  for  facilities  for 
development  and  testing  of  advanced 
surveillance  systems,  work  to  be  per- formed at  Tucson.  Ariz. 

$961.718— Sperry  Rand  Corp.,  Sperry  Utah  Co., 
Salt  Lake  City.  Utah,  for  research  and 
development  efforts  on  Sergeant  missile 
system. 

$915,000  —  Page  Communications  Engineers, 
Inc.,  Washington,  D.C.,  for  maintenance 
and  operation  of  the  Pacific  Scatter  Com- munication System. 

$438.620 — The  Bendix  Corp..  Friez  Instrument 
40 

Div.,  Baltimore,  for  radiosonde  sets  and modifications. 
$298,000  —  Western   Electric   Co.,   New  York 

City,  for  procurement  of  repair  parts  for 
Nike-Hercules  missile  system. 

$100,000 — Rocket  Power,  Inc.,  Mesa,  Ariz.,  for Pima  drone  booster  rocket  motors. 
INDUSTRY 

$8,000,000  —  Avco  Corp.,  Research  and  Ad- vanced Development  Div.,  Wilmington, 
Del.,  from  North  American  Aviation,  for 
designing  and  building  the  heat  shield  for 
the  Apollo  spacecraft. 

$1.000.000 — Minneapolis- Honey  well  Regulator Co.,  Aeronautical  Div.,  Minneapolis,  from 
North  American  Aviation,  for  gyroscopes 
for  the  Minuteman  ICBM  inertial  guid- 

ance systems. 

NAVY 
$6.250,000 — The  Ryan  Aeronautical  Co.,  San 

Diego,  Calif.,  for  augmentation  and 
ground  support  equipment  and  spares  for 
the  Q-2C  Firebee  missile  and  for  Firebee 
ground  support  equipment  and  launch facilities  for  Naval  bases  at  Pt.  Mugu. 
Calif..  China  Lake,  Calif.,  and  Naha. 
Okinawa. 

$5,603,000  —  Raytheon  Co.,  North  Dighton. 
Mass..  for  AN/SPG-51  tracking  radar  for Tartar  missile  fire  control  systems. 

$4,000.000 — Radio  Corp.  of  America.  Defense 
Products  Division,  Camden,  N.J.,  for  clas- sified electonics  equipment. 

$3,575,000 — Lockheed  Missiles  and  Space  Co., 
Sunnyvale,  Calif.,  for  Polaris  missile  sup- sified  electronics  equipment. 

$2.140.000 — Thiokol  Chemical  Corp.,  Bristol, 
Pa.,  for  liquld-propellant  rocket  engines for  Bullpup  missile. 

$2,068,487— Elgin  National  Watch  Co..  Los 
Angeles,  for  fuzes  for  Bullpup. 

$1,221,411  —  Aerojet-General  Corp.,  Sacra- 
mento, Calif.,  for  research  and  develop- ment for  advanced  propellant  upper-stage rocket  motors  (definitive  contract) . 

$706,207— The  Martin  Marietta  Corp.,  Balti- more, for  engineering  and  productivity 
program  for  a  microwave  command-link 
which  will  be  compatible  with  the  Bull- 

pup weapon  system. 
$437,947 — Corps  Construction,  Ltd.,  Kailua- 

Kona,  Hawaii,  for  Pacific  Missile  Range 
facilities,  Hawaiian  tracking  station. 
South  Point  Kau,  Hawaii. 

$431,906 — Aerojet-General  Corp.,  Azusa.  Calif., 
for  rocket  and  boosters. 

$327,540  —  General  El"ctric  Co.,  Washington, 
D.C.,  for  conducting  a  preliminary  pro- 

gram of  research  and  development  of  the 
ion-exchange  membrane  fuel  cell,  using 
the  reactants  hydrogen  and  oxygen,  for 
ultimate  application  as  a  submarine  pro- 

pulsion plant. 
NASA 

$8,910,962 — The  Boeing  Co.,  Seattle,  for  in- 
itial work  on  the  first-stage  rocket  booster 

for  the  advanced  Saturn. 
$1,000.000 — Marshall  Industries,  Aerolab  De- 

velopment Co.,  Pasadena,  Calif.,  for  multi- stage Argo  series  rockets  (joint  contract 
with  Army  and  Air  Force). 

$359.000 — Compudyne  Corp.,  for  services  and 
materials  design,  fabrication  and  installa- 

tion of  two  electro  hydraulic  model  posi- 
tioning systems  for  Mach  10  and  Mach  20 

helium  blowdown  jets  of  the  hypersonic 
aerothermal  dynamics  facility. 

$300.000 — The  Bendix  Corp.,  Bendix-Pacific 
Div.,  North  Hollywood,  Calif.,  for  a  tele- 

metry playback  system  for  space  flights. 
$288.800 — Jered  Industries,  Die,  Birmingham, 

Mich.,  for  designing,  furnishing  and  in- 
stalling a  space  vehicle  rendezvous  dock- 

ing simulator. 
$255,680 — Astronautics  Div.,  Chance  Vought, 

Dallas,  for  design  studies  preparation  of 
design  specifications. 
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names  in  the  news 

H.  L.  BROWN WALWORTH WHITESIDE 

Harry  L.  Brown:  Former  director  of 
manufacturing  of  the  Aero  Div.,  Minne- 

apolis-Honeywell, St.  Petersburg,  Fla.,  has 
been  brought  into  Guidance  Technology, 
Inc.,  Santa  Monica.  Calif.,  as  vice  presi- 
dent-engineering. 

A.  J.  Quackenbush:  Appointed  director 
of  corporate  planning  and  control  in  the 
Douglas  Aircraft  Co.,  Santa  Monica,  Calif.. 

John  E.  Ebert:  Former  vice  president 
of  FXR,  Inc.,  has  joined  Weinschel  En- 

gineering Co.,  Kensington,  Md.,  as  vice 
president  in  charge  of  research,  develop- 

ment and  engineering. 

James  H.  Green:  Has  been  made  di- 
rector of  telecommunications  systems  at 

Page  Communications  Engineers,  Inc.,  a 
subsidiary  of  Northrop  Corp.,  Washington, 
D.  C. 

M.  Robert  Rowe:  Named  manager  of 
Commercial  Engine  Operation,  Flight  Pro- 

pulsion Division,  General  Electric  Co. 

George  A.  Whiteside:  Has  joined 
Wiancko  Engineering,  a  division  of  Tamar 
Electronics,  Inc.,  as  vice  president  and  gen- 

eral manager. 

Albert  Boczan:  Will  fill  the  new  post 
of  chief  design  engineer  in  Hopkins  En- 

gineering Co.,  San  Fernando.  Calif. 

Russ  B.  Walworth:  Formerly  with  Elec- 
tronic Communications,  Inc.,  has  been  ap- 

pointed vice  president  for  sales  of  Burnell 
&  Co.,  Inc.,  Pelham,  N.  Y. 

Marvin  Schweiger:  To  direct  advanced 
program  in  pure  fluid  systems  at  Bowles 
Engineering  Corp.,  Silver  Spring,  Md., 
has  been  brought  into  the  firm  as  vice 
president  in  charge  of  research  and 
development. 

Richard  L.  Shelter:  General  manager  of 
General  Electric's  Defense  Systems  Depart- ment, elected  to  the  board  of  directors 
of  Apparatenindustrie  Defense  Electronics, 
N.V.,  the  Hague,  Netherlands,  a  sub- 

sidiary of  G.E. 

Dr.  Adolph  L.  Antonio:  While  continu- 
ing as  a  staff  vice  president  of  Aerojet- 
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General  Corp.,  will  assume  the  duties  of 
vice  president  and  general  manager  of  the 
Space-General  Corp.,  Glendale,  Calif.,  a 
subsidiary  of  Aerojet-General. 

Col.  Kenneth  E.  Hill:  Newly  assigned 
commander  of  the  4751st  Air  Defense 
Wing  (Missile),  Hurlburt  Field,  Fla.,  upon 
the  transfer  of  the  former  commander, 
Col.  Joseph  Myers,  to  the  post  of  assistant 
deputy  for  personnel  at  Air  Defense  Com- 

mand Headquarters. 

Dr.  Bernard  R.  Linden:  Promoted  to 
vice  president  of  the  Special  Electron  Tube 
Department.  CBS  Laboratories,  Stamford. 
Conn. 

Dr.  Ruben  F.  Mettler:  Elected  to  the 
office  of  president  and  chief  executive  offi- 

cer of  Space  Technology  Laboratories,  Inc., 
Redondo  Beach,  Calif. 

Arthur  F.  Collins:  Founder  of  Collins 
Radio  Company,  has  been  presented  with 
the  U.S.  Navy's  highest  civilian  award,  the 
"Secretary  of  the  Navy's  Distinguished 
Public  Service  Award  Citation,"  for  giving 
"unstintingly  of  his  time  and  genius  in 
helping  the  Navy  to  maintain  its  leader- 

ship in  the  complex  areas  of  airborne 
communications,  electronic  navigation  and 
high-speed  data  transmission." 

A.  Robert  Masters:  Promoted  to  the 
post  of  Executive  vice  president  of  the 
Hugh  H.  Eby  Co.,  Philadelphia. 

L.  L.  Waite:  Senior  vice  president,  en- 
gineering-planning, has  been  made  Senior 

vice  president,  contracts  and  programs  of 
North  American  Aviation,  Inc.,  Los  An- 

geles. At  the  same  time  Dr.  Marvin  Stern 
was  named  vice  president,  research  and 
engineering. 

Dr.  Donald  B.  Brick:  Appointed  to  fill 
the  new  position  of  senior  scientist  of  Syl- 
vania  Electric  Products  Inc.,  Applied  Re- 

search Laboratory,  Waltham,  Mass. 

Vice  Admiral  John  T.  Hayward:  Pre- 
sented with  the  Capt.  Robert  Dexter 

Conrad  Award,  given  for  outstanding 
achievement  by  a  civilian  or  military  scien- 

tist in  research  and  development  for  the 
Navy. 

Melvin  B.  Kline:  Promoted  to  the  posi- 
tion of  vice  president-research  and  develop- 

ment of  American  Avionics,  Inc.,  West 
Los  Angeles,  Calif. 

Harry  C.  Parker:  Joins  Scope  Incorpo- 
rated, Falls  Church,  Va.,  as  production 

manager. 

Jack  A.  Adams:  Will  occupy  the  posi- 
tion of  manager  of  the  Huntsville  District 

office  of  Giannini  Controls  Corp.,  Hunts- 
ville, Ala. 

James  D.  Hodgson:  Named  as  corporate 
industrial  relations  director  of  Lockheed 
Aircraft  Corp.,  Burbank,  Calif.  Succeeding 
him  as  director  of  industrial  relations  for 
the  Lockheed-California  Co.  is  Harry  B. Winston. 

Charles  H.  A.  Cochran:  Appointed 
manager  of  Navy  systems  in  the  Washing- 

ton, D.  C,  Liaison  Office  of  Litton  Sys- 
tems. He  was  formerly  assistant  manager. 

Don  Widener:  Formerly  with  the 
Norden  division  of  United  Aircraft  Corp., 
is  now  public  relations  director  for  Rocket 
Power,  Inc.,  Mesa,  Ariz. 

Joseph  D.  Ryan:  Became  affiliated  with 
Babcock  Electronics  Corp.  as  executive  as- sistant to  the  chairman  of  the  board. 

Asa  B.  Carmichael  and  Peter  O.  Crisp: 
Elected  to  the  board  of  directors  of  Na- 

tional Astro  Laboratories,  Inc.,  Pasadena, 

Calif. 
Robert  L.  Jannen:  Former  director  of 

marketing  and  assistant  vice  president,  has 
been  promoted  to  vice  president  in  charge 
of  sales  in  the  Leach  Corporation,  Comp- 
ton,  Calif. 

Dr.  A.  M.  Ball:  Will  occupy  the  post 
of  manager  of  quality  assurance  in  the 
Chemical  Propulsion  division  of  Hercules 
Powder  Company's  Explosive  Department, Wilmington,  Del. 

Robert  H.  Brown:  Vice  president  of 
Tenney  Engineering.  Inc.,  made  executive 
vice  president  of  the  Union,  N.J.,  company. 
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products  and  processes 

New  Product  of  the  Week: 

Mobile  Flushing  Unit 

PROBLEMS  PRESENTED  by  in- 
place  cleaning  of  missile  and  space 
booster  systems  reportedly  have  been 
solved  by  Wyle  Laboratories  with  the 
development  of  a  mobile  flushing  unit. 
Designed  to  be  used  with  most  cleaning 
solutions,  including  Freon  TF.  to  clean 
ICBM  propellant  loading,  propellant 
transfer,  hydraulic  and  pneumatic  sys- 

tems, two  of  the  units  and  a  mobile 
drying  unit  are  currently  operating  at 
an  Atlas  ICBM  launch  site,  Vanden- 
burg  AFB. 

Preset  Counters 

A  series  of  high-speed  transistorized 
Preset  Counters  has  been  developed  by 
Micro  Measurements  Corp. 

The  Series  2300  are  used  with  a 
wide  range  of  sensing  devices — photo- 

electric and  magnetic  rotation  trans- 
ducers, silicon  solar  sensors,  reed  con- 

tacts, etc. — for  counting,  measuring, 
and  monitoring.  When  preset  count  is 
reached,  the  units  automatically  actuate 
other  equipment  for  such  operations  as 
coil  winding,  cutting-to-length,  marking 

Each  consists  of  a  flat-bed  trailer  22 
ft.  long  and  8  ft.  wide,  mounting  two 
tanks  totaling  1700  gallons  and  two 
pumping  systems  capable  of  delivering 
respectively,  600  gpm  and  200  gpm  at 
50  psi,  through  separate  manifolds  and 
10  micron-40  micron  absolute  filters. 
The  two  pumping  systems  can  be  used 
simultaneously.  All  operating  controls 
are  mounted  at  a  central  control  panel 
and  lights  are  provided  for  night 
operation. Circle  No.  225  on  Subscriber  Service  Card 

wires,  locating  centers,  fault  control, 
and  dividing  by  a  preset  quantity.  Dual 
preset  is  also  available  for  sequence 
control. 

Circle  No.  226  on  Subscriber  Service  Card 

Interferometer  flats 

Improved  interferometer  flats,  tested 
to  surface  figures  of  1/ 200th  wave  of 
visible  light  or  better  including  dielec- 

tric coating,  are  available  from  the 
Perkin-Elmer  Corp.  The  flats,  fabri- 

cated from  optical-quality  quartz,  de- 
signed for  use  in  gas  phase  optical 

masers,  may  also  be  used  in  etalon  and 
other  types  of  interferometers. 

Circle  No.  227  on  Subscriber  Service  Card 

Counting  Strip 

A  plug-in-type  electronic  counting 
strip  for  a  wide  variety  of  counting  and 
timing  applications  is  available  from 
The  Victoreen  Instrument  Co.  The 
model  101  features  a  modular  design 

concept  and  is  fully  transistorized.  It 
displays,  by  means  of  illuminated  neon 
lamps  or  a  Nixie  tube,  the  total  num- 

ber of  electrical  impulses  fed  into  its 
input.  The  unit  is  available  as  a  1-2-4-8 decade  counter  with  Nixie  readout,  a 
10  neon  lamp  decade  readout,  or  four 
neon  lamp  BCD  readout.  Several  of 
the  counting  strips  can  be  connected  in 
series  to  increase  counting  capacity, 
thus  making  a  scaler  that  is  useful  with 
a  multichannel  analyzer,  frequency  di- 

vider or  digital  meter. 
Circle  No.  228  on  Subscriber  Service  Card 

Power  Supplies 

Arnold  Magnetics  Corp.,  is  produc- 
ing a  line  of  single-phase,  d-c  to  sine 

wave  power  suplies  with  standard  cur- 
rent ratings  of  50,  100,  150,  200  and 

300  watts.   Circuitry  is  all  solid-state. 

Standard  output  voltage  is  115  VRMS 
at  400  cps.  The  units  are  hermetically 
sealed  and  fully  potted,  to  meet  require- 

ments of  MIL-E-5272C,  including  heat, 
moisture  and  vibration. 

Circle  No.  229  on  Subscriber  Service  Card 

Transistor  Cooler 

Inland  Electronics  announces  the 
development  of  a  transistor  cooler.  One 
size  will  fit  all  T.O.  size  transistors.  De- 

signed for  printed  circuit  board  mount- 
ing, the  4  square  inches  of  cooling  area 

not  only  provides  greater  cooling  effi- 
ciency, but  also  serves  as  a  transistor 

retaining  device. 
Circle  No.  230  on  Subscriber  Service  Card 

Epoxy  Molding  Compounds 
A  series  of  Randac  epoxy  molding 

compounds  for  encapsulating  electrical 
and  electronic  components  by  transfer 
or  compression  molding  methods  has 
been  introduced  by  Mitchell-Rand  Mfg. Co. 

Designed  for  encapsulating  at  high 
rates  of  production  and  reduced  labor 
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costs,  the  new  compounds  are  granular, 
one-component  systems  offering  excel- 

lent encapsulated  appearance  with  accu- 
rate overall  dimensions.  The  compounds 

exhibit  long  room-temperature  shelf  life, 
good  properties  of  Class  F  Tempera- 

tures, and  low  moisture  absorption. 
Circle  No.  231  on  Subscriber  Service  Card 

Displacement  Transmitters 

A  line  of  angular  and  linear  dis- 
placement transmitters  with  high  out- 

put has  been  introduced  by  Dynamic 
Measurements  Co.  The  units  convert 
position  or  displacement  into  a  propor- 

tional electrical  voltage  for  operating 
indicators,  recorders,  or  controls.  Out- 

put is  sufficiently  high  to  drive  record- 
ing galvanometers  directly,  without  am- 

plification. 
Because  they  operate  on  the  differ- 

ential transformer  principle,  the  trans- 
mitters provide  stepless  resolution  and 

a  full-span  output  voltage.  They  may 
be  used  as  multiturn  potentiometers 
where  wiper  contact  cannot  be  tolerated 
and  where  constant  output  impedance 
is  required. 

Circle  No.  232  on  Subscriber  Service  Card 

IF  Amplifiers 

Low-noise,  high-gain,  and  ultra- 
stable  performance — coupled  with  a 
ruggedized  chassis — are  features  of  the 
E30  IF  Amplifier  series  available  from 
RHG  Electronics  Laboratory,  Inc. 
Standard  models  are  centered  at  30  and 
60  mc,  with  bandwidths  to  10  mc,  and 
gains  to  1 1 0  db.  Custom  flexibility  pro- 

vides special  designs  from  10  to  100 
mc,  and  units  meeting  MIL-E-16400D 
are  available  in  all  models. 

Circle  No.  233  on  Subscriber  Service  Card 

Transistor  Testing  Turret 
A  turret  advance  unit  to  transport 

transistors  under  test  from  the  operator 
loading  position  to  the  test  point,  and 
then  to  the  ejection  staion,  has  been 
introduced  by  Optimized  Devices,  Inc. 
The  turret  automatically  sorts  transis- 

tors by  dropping  them  into  good  and 
reject  bins. 

The  turret  is  a  removable  assembly 
containing  25  transistor  sockets.  Con- 

nection is  made  by  a  rhodium-plated 
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printed  circuit  board.  Any  turret  can  be 
removed  for  storage  or  for  environmen- 

tal testing.  The  turret  also  can  be  con- 
nected for  lot  testing. 

Circle  No.  234  on  Subscriber  Service  Card 

Carbon  Potentiometer 

The  Trimpot®  Div.  of  Bourns,  Inc. 
has  available  the  Model  3368,  a  sub- 
miniature  single-turn  rotary  potentiom- 

eter designed  for  use  in  printed  circuits 
and  other  modular-type  applications 
where  extreme  angular  resolution  is  not 
required. 

This  unit  meets  steady-state  humid- 
ity and  features  an  outstanding  tempera- 

ture coefficient  over  a  —  65  °C  to 
+  105°C  operating  temperature  range. 
Encased  in  a  lightweight,  all-plastic 
case,  it  is  available  with  panel  mount 
bushing  and  solder  lug  terminals. 

Circle  No.  235  on  Subscriber  Service  Card 

Parametric  Amplifier 
Varian  Associates  is  marketing  a 

V-8353A  Phase  Stable  Parametric  Am- 
plifier, a  three-channel,  non-degenerate, 

low-noise  unit  designed  and  packaged 
as  a  pre-amplifier  for  improving  the 
performance  of  the  AN/FPS-16  radar. 
The    package   includes   all  accessory 

equipment  and  components  making  pos- 
sible the  significant  reduction  of  the 

noise  figure,  from  10.5  to  3.5  db.  Spe- 
cifications: Noise  Figure,  3.5db;  Band- 

width, 25  mc;  Gain,  17  db;  Frequency 
Range,  5.42  to  5.85  Gc,  tunable. 

Circle  No.  236  on  Subscriber  Service  Card 

Decade  Counting  Units 
A  line  of  transistorized  decade 

counting  units  covering  ranges  from  dc 
to  35  mc  are  available  from  Computer 
Measurements  Co.  Five  basic  plug-in 
units  cover  ranges  from  dc  to  300  Kc, 
2  mc,  12  mc,  20  mc,  and  35  mc.  Re- 

quiring 3% -in.  of  panel  space,  these  can 
be  provided  with  either  vertical  numeral 
display  or  the  Nixie  readout.  They  can 
also  be  obtained  without  readout  for 
use  as  decade  dividers. 

Circle  No.  237  on  Subscriber  Service  Card 

new  literature 

SILICON  DIODES— A  catalog  describ- 
ing a  line  of  Silicon  Double  Diffused 

Alloy  Diodes  for  use  in  core  driving, 
clamping,  gating  and  similar  circuits  in 
high-speed  digital  computers,  has  been 
announced  by  National  Transistor  Mfg., Inc. 

The  diodes  described  are  manufac- 
tured by  a  proprietary  method  which 

combines  the  best  features  of  the  diffu- 
sion process  with  those  of  the  alloy  tech- 

nique to  provide  units  which  have  both 
extremely  high  conductance  and  very 
fast  switching  times.  Conductances  of 
the  order  of  500  ma.  at  1.0  volt  and 

switching  speeds  of  500  ma.  at  15  mil- 
limicroseconds are  typical  of  the  diodes 

listed.  In  addition,  these  diodes  will 
withstand  60,000-g  centrifuge  for  3  min- 

utes peak  acceleration  and  150  lbs./sq. 
in.  for  30  min.  in  an  aqueous  solution. 
They  are  encased  in  a  one-piece  sub- 
miniature  glass  envelope. 

Circle  No.  200  on  Subscriber  Service  Card 

ELECTRONIC  INSTRUMENTS 
HANDBOOK— Forster/Hoover  Elec- 

tronics, Inc.  has  announced  publication 
of  a  1 2-page,  fully  illustrated  Electronic 
Instruments  Handbook.  Contained  in 
the  new  booklet  is  complete  data  on 
instruments  and  systems  for  detecting 
discontinuities  in  metallic  materials.  An- 

other area  covered  is  that  of  Magnetic 
Field  Measurement  Instruments,  vital 
for  precision  magnetic  field  measure- 

ment and  to  provide  control  mechan- 
isms for  magnetic  field  compensation. 

Circle  No.  201  on  Subscriber  Service  Cord 

2500  PSI  HYDRAULIC  PUMPS— 
Extra-heavy-duty  pumps  and  motors, 
for  generating  fluid  power  delivered  at 
constant  output  level,  are  described  in 
a  four-page  bulletin  from  Commercial 
Shearing  and  Stamping  Co.  The  units 
are  intended  for  use  in  prime  moving 

equipment  designed  for  materials  han- 
dling, aerospace  ground  support  equip- 
ment, and  test  facilities.  New  design 

innovations  enabling  high  operating 
efficiency  are  detailed,  and  performance 
data  are  listed.  Dimensional  data  are  in- 

cluded for  customer  design  of  mounting 

pads. 

Circle  No.  202  on  Subscriber  Service  Card 

DIODE  BROCHURE— Sperry  Semi- 
conductor, division  of  Sperry  Rand,  has 

a  six-page  brochure  showing  types  of 
subminiature  alloy  junction  silicon  di- 

odes. These  diodes  are  designed  for 
general  use  and  for  both  low-  and  high- 
current  computer  applications.  Bulletin 
SS-200  charts  electrical  characteristics, 
shows  recovery  time  patterns  and  lists 
the  features. 

Circle  No.  203  on  Subscriber  Service  Card 
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porting." 
SAFE  •  SWIFT  •  SURE 

National  Trailer 

Convoy,  Inc. 
Tulsa,  Okla. 

WANTED 

Mechanical  Engineers 

experienced  in  pressure  vessel  de- 
signs for  submersion.  Write  to: 

Box  73 

Missiles  &  Rockets  Magazine 
1001  Vermont  Ave.,  N.W. 

Washington  5,  D.  C. 

— when  and  where  

APRIL 
Launch  Vehicles:  Structures  and  Materials 

Conference,  sponsored  by  the  American 
Rocket  Society,  Ramada  Inn,  Phoenix, 
Ariz.,  April  3-5. 

Second  Symposium  on  the  Plasma  Sheath, 
sponsored  by  Electromagnetic  Radia- 

tion Laboratory,  Electronics  Research 
Directorate,  L.  G.  Hanscom  Field, 
Mass.,  April  3-5. 

Nineteenth  Annual  Conference,  Society  of 
the  Plastics  Industry  Western  Section, 
Hotel  Del  Coronado,  Coronado,  Calif., 

April  4-5. American  Society  for  Quality  Control 
Workshop — Seminar  on  Management 
of  Quality  Control,  Hollywood  Roose- 

velt Hotel,  Los  Angeles,  April  4-6. 
American  Institute  of  Electrical  Engineers 

South  Central  Meeting,  Hotel  Peabody, 
Memphis,  April  4-6. 

Thirteenth  Annual  Advanced  Statistical 
Quality  Control  Institute,  Univ.  of 
Connecticut,  Storrs,  April  8-20. 

American  Institute  of  Electrical  Engineers, 
Rubber  and  Plastic  Industries  Confer- 

ence, Sheraton  Hotel,  Akron,  April 9-10. 

Instrument  Society  of  America,  National 
Chemical  and  Petroleum  Instrumenta- 

tion Symposium,  Wilmington,  Del., 
April  9-10. 

Thirty-third  Annual  Scientific  Meeting  of 
Aerospace  Medical  Association,  Chal- 
fonte-Haddon  Hall,  Atlantic  City,  N.  J., 
April  9-12. 

American  Society  of  Mechanical  Engineers, 
Metals  Engineering  Conference,  Shera- 

ton-Cleveland Hotel,  Cleveland,  April 9-13. 

Spring  National  Convention,  Society  of 
Nondestructive  Testing,  Pick-Carter 
Hotel,  Cleveland,  April  9-13. 

Southwest  Conference  and  Electronics 
Show,  sponsored  by  IRE,  Rice  Hotel, 
Houston,  April  11-13. 

Regional  Technical  Conference,  Society  of 
Plastics  Engineers,  University  of  Roch- 

ester, N.  Y.,  April  12. 
Conference  on  Refractory  Metals,  Ameri- 

can Institute  of  Mining,  Metallurgical, 
and  Petroleum  Engineers,  Morrison 
Hotel,  Chicago,  April  12-13. 

American  Physical  Society,  Plasma  Physics 
Symposium,  Hilton  Inn,  Tarrytown, 
N.  Y.,  April  13-14. 

Second  Conference  on  Kinetics,  Equilibria, 
and  Performance  of  Hig^  Temperat"re 
Systems,  Western  States  Section  of  the 
Combustion  Institute,  University  of 
California,  Los  Angeles,  April  14-16. 

Aerospace  Systems  Reliability  Conference, 
sponsored  by  the  Institute  of  the  Aero- 

space Sciences,  Salt  Lake  City,  April. 
16-18. 

Symposium  on  Interactions  between 
Mathematical  Research  and  High  Speed 
Computing,  sponsored  by  the  American 
Mathematical  Society  and  the  Asso- 

ciation of  Computing  Machinery,  Chal- 
fonte-Haddon  Hall  Hotel.  Atlantic 
City,  April  16-18. 

SPACECRAFT  TEMPERATURE 
CONTROL  ENGINEERS 

Challenging  and  responsible  positions  en- 
compassing conceptual  design,  analysis,  de- 

velopment, test,  flight  operations,  and 
flight  analysis  are  now  open  in  Spacecraft 
temperature  control. 
Projects  include  present  and  future  families 
of  Lunar,  Planetary,  and  Interplanetary 

Spacecraft. 
Minimum  M.S.M.E.  degree  plus  radiation 
and  conduction  heat  transfer  experience, 
balance  of  mechanical  engineering,  knowl- 

edge in  thermodynamics,  fluid  mechanics, 
materials,  and  structures. 

Send  complete  resume  to: 
H.  M.  MARXMILLER 

JET  PROPULSION 

LABORATORY 
CALIFORNIA   INSTITUTE  OF  TECHNOLOGY 

4808  Oak  Grove  Drive,  Pasadena,  California 
"An    equal   opportunity  employer" 

M/R  BUSINESS  OFFICES 

Washington   5,    D.C. — 1001   Vermont  Avenue, 
NW;  STerling  3-5400 Craig  L.  Mason,  Director  of  Research 

New    York    17,  N.Y.— 20    East    46  Street; 
YUkon  6-3900 Paul  B.  Kinney.  Eastern  Advertising Manager 
Paul  N.  Anderson 

Beverly  Hills,  California— 8929  Wilshire  Blvd.; Oleander  5-9161 
Ronald  L.  Rose 
Edwin  J.  Denker,  Jr. 

Detroit    2,    Michigan — 412    Fisher  Building; 
TRinity  5-2555 Michael  Rouff 

Chicago  2,  Illinois — 139  N.  Clark  St.;  Central 6-5804 

R.  Lenn  Franke,  Jr. 

Dallas    24,    Texas — 222    Wynnewood  Profes- sional Building 
John  L.  Hathaway 

Miami,  Florida — P.O.  Box  698,  Coral  Gables  34 
Ray  Caldiero 

London,    W.I.,    England — 28    Bruton  Street; Grosvenor  8356 
Norall  and  Hart 

Geneva,  Switzerland — 10  Rue  Grenus;  Geneva 
321044 

Paris,  France — 11   Rue  Condorcet;  TRU  15-39 

Frankfurt/Main,     West     Germany — Friedrieh- Ebert-Anlage  3 
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editorial . . . 

The  50-Megaton  Miracle 

LATE  LAST  YEAR,  we  wrote  an  editorial  inveigh- 
ing against  the  overabundance  of  booze,  blondes 

and  bashes  at  the  shows  and  exhibits  forced  annually 
upon  industry. 

Perhaps  it  was  the  intriguing  headline,  but  the 
result  was  an  enthusiastic  response  in  our  letters 
column.  Readers  expressed  unanimous  approval  of 
our  suggestion  that  all  the  party-going  be  dispensed 
with  in  favor  of  fewer  meetings  with  increased  em- 

phasis on  scientific  and  technical  benefits. 
One  of  our  good  friends  wrote  then: 
"I  would  like  to  think  that  your  editorial  will 

stop  or  at  least  slow  the  onward  rush  of  industrial 
exhibition,  but  I  am  afraid  nothing  short  of  the 
50-megaton  force  can  accomplish  the  miracle." 

No  one  is  more  impressed  with  the  power  of  the 
printed  word  than  we  are,  but  what  followed  amazed 
even  us.  The  editorial  was  widely  quoted  and  re- 

printed. Other  magazines  picked  up  the  editorial 
refrain. 

There  also  was  a  certain  amount  of  friendly  and 
sarcastic  comment.  Notes  from  friends  we  haven't 
seen  in  years  accused  us  of  hypocrisy.  Our  beloved 
employer  suggested  the  alliterative  headline  perhaps 
was  more  autobiographical  than  imaginative. 

Then,  from  the  Aerospace  Industries  Association 
meeting  in  Arizona  came  a  resolution  urging  member 
firms  to  cut  down  on  costly  exhibits,  to  screen  at- 

tendance of  employees  at  technical  meetings  and  to 
improve  the  standard  of  papers  printed. 

This  issue  contains  preliminary  results  of  a  recent 
AIA  poll  of  its  members  on  planned  participation  in 
trade  shows  and  exhibits  this  year.  The  survey  shows 
an  overwhelming  trend  against  exhibiting  at  these 
shows. 

We  do  not  suggest  for  a  minute  that  we  are  solely 
responsible  for  this.  We  expressed  the  sentiments  of 
many  in  the  industry.  Mr.  Phil  Klass  of  Aviation 
Week,  a  weekly  aviation  magazine,  has  campaigned 
in  behalf  of  this  for  some  time.  Following  our  edi- 

torial, his  magazine  backed  his  stand  editorially. 
The  actions  of  Congress  and  the  Department  of 

Defense  in  eliminating  exhibits  as  a  cost-allowable 
item  were  a  major  factor  in  the  trend. 

In  addition  to  non-participation  in  exhibits,  many 
manufacturers  are  cutting  travel  allowances  to  the 
rash  of  meetings,  shows  and  exhibits.  Company 
suites  at  the  recent  National  Rocket  Club  meeting 

were  largely  replaced  by  a  NRC-sponsored  post- 
dinner  reception  for  head-table  guests. 

Merger  plans  of  the  Institute  of  Aerospace 
Sciences  and  the  American  Rocket  Society,  and  of 
the  Institute  of  Radio  Engineers  and  the  American 
Institute  of  Electrical  Engineers,  offer  further  hope 
of  cutting  down  the  number  of  meetings  in  the 
missile/ space  industry. 

THE  TIDE  HAS  TURNED.  Much  remains  to  be 
done  but  one  thing  is  evident.  Somehow,  the  50- 

megaton  miracle  has  been  accomplished. 
It  is  a  compliment  to  the  maturity  of  the  industry 

that  it  has  succeeded  in  reversing  this  unhealthy 
trend. 

Particularly  worthy  of  note  in  the  AIA  survey  is 
the  lack  of  support  for  the  Air  Force  Association 
meeting  in  Las  Vegas.  If  the  AFA  is  serious  in  its 
intent  of  building  support  for  a  strong  Air  Force,  a 
worse  site  could  not  have  been  chosen  for  this meeting. 

We  are  well  aware  of  the  proximity  of  Nellis  Air 
Force  Base  and  the  gunnery  ranges  to  the  meeting 
site.  But  the  nation's  taxpayers  are  far  more  aware 
of  the  proximity  of  gambling  tables  and  the  brightly- 
lit  Strip,  with  its  neon  signs  and  scantily-clad  girls. 

The  long  ranks  of  company  and  Air  Force  planes, 
used  to  fly  general  officers  and  others  to  the  meeting 
at  the  taxpayer's  expense,  will  do  little  to  convince 
the  taxpayer  his  money  is  being  well  spent. 

We  do  not  want  to  leave  the  impression  that  we 
are  anti-AFA.  We  are  not.  There  have  been  charges 
in  the  past  that  pressure  was  exerted  by  AFA  on 
industry  firms  to  participate  in  the  AFA  meeting  or 
to  advertise  in  Air  Force  magazine.  Never  have  we 
seen  any  evidence  of  this.  But  the  implication  of 
possible  pressure  has  been  there,  and  it  is  a  healthy 
sign  to  see  the  industry  resist  it  when  the  circum- 

stances are  as  unfavorable  as  they  are  this  year. 
Despite  some  excessive  enthusiasm  and  some 

enthusiastic  excesses,  AFA  provides  a  valuable 
forum  of  support  for  the  Air  Force.  But  Las  Vegas 
is  more  reminiscent  of  Roman  orgies  than  Roman 
forums. 

We  are  pleased  to  see  that  a  majority  of  the  in- 
dustry firms  polled  are  declining  to  lend  their  support 

to  this  ill-advised  exhibit,  which  can  do  little  to  build 
up  the  image  of  either  the  Air  Force  or  the  industry. 

William  J.  Coughlin 
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MOBILIZING 

About  fifty-billion  dollars  will  be  spent  in  the  next  decade  to  develop 
the  moon  program — 80%  with  industry. 

NOVEMBER  27,  1961  —  MISSILES  AND  ROCKETS  published  its  NASA 
Issue,  an  in-depth  study  of  the  National  Aeronautics  and  Space 
Administration's  programs,  projects,  facilities,  personnel,  and  con- 

tracting procedures — emphasis  centered  on  NASA's  future  material 
and  contract  requirements.  JANUARY  5,1962  —  Over  1,000  single 
copies  ordered  by  companies  and  individuals.  JANUARY  11 ,  1962 
—  NASA  purchased  60,000  reprints  of  the  editorial  section  of  the 
NASA  issue. 

NOW —  MISSILES  AND  ROCKETS,  for  the  first  time,  offers  companies 
interested  in  doing  business  with  NASA  the  opportunity  to  buy 
reprints  of  the  editorial  section  of  the  NASA  Issue — 1961's  most 
important  and  informative  missile/space  publication. 

CONTENTS 

PRO**
*- 

kEts 
ooiSc 

M/R's  FIRST  ANNUAL  NASA  ISSUE— 

II  Webb:  Moon  Landing  May  Be  Man's  Toughest  Endeavor 
III  Dryden:  Industry  Charged  With  Achieving  Reliability 

PREVIEW  OF  PROGRESS  BY  FIELDS  OF  INTEREST— 

la  Planning:  Spending  in  '60's  To  Reach  $50  Billion 
4  Spacecraft:  Apollo  Team  To  Be  Chosen  by  Mid-1962 
7  Propulsion:  Mastery  of  Hydrogen  Vital  to  Success 
10  Electronics:  Market  To  Total  $5  Billion  in  3  Years 
13  Space  Medicine:  Panel  To  Decide  How  Funds  Are  Spent 
14  APU's:  Auxiliary  Power  R&D  Funding  Soars  by  86% 
16  Materials:  Trend  Toward  More  Research  by  Industry 
19  Contracting:  Up  to  $4  Billion  a  Year  May  Be  Awarded 

GUIDE  TO  SPACE  AGENCY  INSTALLATIONS— 
21  Headquarters:  SeamansTo  Run  24,000— Man  Lunar  Team 
24  Marshall  Will  Receive  $1  Billion  in  Fiscal  Year  1963 
27  Apollo  Contracts  To  Flow  from  New  Houston  Center 
29  Western  Ops  Awaits  Upsurge  of  West  Coast  Activity 
30  Goddard's  Funds  Tagged  Mainly  for  Unmanned  Craft 
33  Cape's  Launch  Directorate  Due  for  500%  Money  Hike 
35  Wallops  Island  To  Grow  Only  Slightly— If  At  All 
36  Pacific  Range  Has  Modest  Program  But  Key  Role 
37  Langley  Continues  As  Materials/Structures  R&D  Leader 
40  Lewis  May  Move  Away  from  Its  In-House  Tradition 
43  Ames  Work  on  Life  Support  Systems  Intensifies 
45  Edwards  Expected  To  Get  Big  Spacecraft  Recovery  Role 
49  JPL  Speeds  Lunar  Work,  Will  Double  Expenditures 

Price:  1-10  copies— $1.00  each,  11  or  more — 75  cents  each 



ENGINEERS  <br  SCIENTISTS  -  No.  1  in  a  Series  Prepared  to  Give  Insight  Into  the  Scope  of  R&D 
Opportunities  with  Hercules  Powder  Company  at  Allegany  Ballistics  Laboratory 

Beating  the  E°  £  (as  a  pressure  vessel) 

Until  engineers  and  scientists  of  the 
Hercules  Powder  Company  conceived, 
developed,  designed  and  built  the  revo- 

lutionary ALTAIR  rocket  motor 
( successful  top  stage  booster  for  42 
satellites,  probes  and  test  vehicles), 
"Nature"  was  still  the  shrewdest  de- 

signer of  pressure  vessels,  with  the 
thin-walled  egg. 

With  the  ANTARES  rocket  motor 
Hercules  pushed  mass  ratio  still  higher 
—  to  .93.  Every  point  gained  in  mass 
fraction  means  66  pounds  added  to 
payload  lofted. 
KEY  TO  THIS  PIONEERING  ADVANCE, 
ORIGINATED  BY  HERCULES  AT  ABL 
. .  .was  drastic  weight  reduction  in  the 
rocket  chamber.  Research  engineers  at 
Allegany  Ballistics  Laboratory 
discarded  the  conventional  approach  — 
metal  cases— in  favor  of  a  new  concept: 
a  glass-filament,  reinforced  plastic  con- 

tainer, specially  wound  and  bonded  to 
the  insulation.  The  result:  a  far  lighter, 
chamber,  stronger  than  pure  titanium. 

Today,  a  new  generation  of  plastic- 
filament  cases  is  employed  in  Polaris 
A-2  2nd  stage  and  Minuteman  3rd 
stage  motors,  which  Hercules  is  now 
building.  ( Other  Hercules-developed 
rockets  and  boosters:  Deacon,  Talos, 
Terrier,  Little  John,  Honest  John,  Nike, 
Bullpup. ) 
BROADENING  R&D  PROGRAMS 
AT  ABL  OPEN  NEW  OPPORTUNITIES 
FOR  CREATIVE  MINDS 
All  frontier  areas  of  rocketry  are  studied 

at  Allegany  Laboratory,  which  Hercu- 
les has  operated  for  the  U.S.  Navy  since 

1945.  These  include:  solid  propellants 
with  extremely  high  specific  impulse; 
nozzle  design  optimization;  new  under- 

standing of  internal  and  external  rocket 
ballistics;  broad  new  concepts  in  rocket 
engineering  and  processing. 

Creative  men  from  many  disciplines 
are  sought,  men  with  minds  attuned 
to  the  Hercules  philosophy;  "to  find 
the  best,  not  the  most  expedient  an- 

swers" to  the  nation's  missile  and  space 
propulsion  problems. 

AERONAUTICAL,  MECHANICAL, 
ELECTRICAL  &  CHEMICAL  ENGINEERS... 
CHEMISTS,  PHYSICISTS  & 
MATHEMATICIANS  REQUIRED 
It  takes  effective  collaboration  of  inves- 

tigators trained  in  many  fields  to  resolve 
the  complex  of  problems  involved  in 
the  evolution  of  a  new  rocket  concept 
into  a  reliable  propulsion  unit  on  the 
launching  pad. 

PREVIOUS  ROCKET  EXPERIENCE  NOT 
ESSENTIAL  FOR  MANY  ASSIGNMENTS 
While  experience  in  rocketry  is  wel- 

comed, demonstrated  capability  in  a 
man's  own  discipline  is  the  prime criterion.  An  indication  of  die  way 
classical  engineering  and  scientific 
knowledge  may  be  applied  to  research 
and  development  at  ABL  will  be  found 
at  the  right.  For  further  information, 
direct  inquiries  to  Dr.  W.  R.  Lowstuter. 

MASS  RATIO 

Most  Critical 
Factor  in  Rocket Technology 

ALTAIR  ANTARES 
Hercules  Solid  Rocket  Motors 

AH  qualified  applicants 
will  receive  considera- 

tion for  employment 
without  regard  to 

race,  creed,  color  or 
national  origin. 

►  Rocket  Research  &  Development  Positions 
AE's,  ME's,  ChE's,  Chemists,  Physicists  (BS,  MS.  PhD). ADVANCE  DESIGN  RESEARCH:  studies  to  establish  new 
rocket  system  concepts;  preliminary  design  criteria. 
MECHANICAL  DESIGN  RESEARCH:  materials,  behavior; 
exhaust  gas  control;  insulation;  propellant  combustion; hardware. 
DESIGN  &  DEVELOPMENT:  complete  rocket  motors  in- cluding pressure  vessels,  nozzles,  accessories.  (Must know  mechanics.) 
SPECIAL  STUDIES.  ANALYSES:  (8-10  years  experience 
essential)  heat  transfer;  fluid  dynamics;  systems  analy- sis; internal  &  external  rocket  and  missile  ballistics. 

AE's,  ME's,  ChE's,Chemists  (BS).  Quality  Control,  Relia- bility, Test  (including  analysis  static  firing  stands  and associated  hardware).  Facility  Eng.,  Contract  Admin. 
EE's,  ChE's,  ME's  (BS,  MS).  Design  &  Development  instru- mentation to  obtain  test  firing  data,  also  D&D  process instrumentation. 

Mathematicians  (MS,  PhD).  Data  Reduction  computa- tions &  advanced  programming  for  computer  systems; 
statistical  methods  applied  to  QC,  reliability,  research findings. 

Physicists  (MS,  PhD)  Chemists  (PhD)  Inorganic.  Physical 
ACOUSTICAL  RESEARCH:  behavior  of  burning  rockets 
under  different  acoustical  phenomena.  Propellant  &  High 
Temperature  Materials  Research. 

U.S.  CITIZENSHIP  REQUIRED 

HERCULES  POWDER,  COMPANY incorporated 
Allegany  Ballistics  Lauoratory,  Cumberland,  Maryland 

The  Nation's  Foremost  Rocket  Research  Laboratory 



HE  WEEKLY  OF  SPACE  SYSTEMS  ENGINEERING 

i:/rsf  Full-Scale  Model  of  Apollo  Spacecraft 

Special  report  on  nasa  r&d— 

Plans  to  Spend  $2.9  Billion  in  FY  '63 .  . 

Congress  Probes  'Pyramiding  Profits'  .  .  .  .  oz       an  American  aviation  publication 



Grove  Powreactor®  Pressure  Regulators' 
amazing  simplicity  assures  reliability.  Super-sensitive 
Powreactors  instantly  respond  to  pressure  changes,  main- 

tain constant  delivered  pressure.  Adjustment,  inspection 
and  maintenance  are  fastand  simple.  Silent  operation,  never 
slams  or  chatters.  Completely  self  contained. Very  compact. 

Positive  shut-off.  Fail-safe.  Available  in  stainless,  bronze 
and  carbon  steel.  Maximum  inlet  pressures  to  10,000  psi, 

adjustable  outlet  pressures  to  6,000  psi.  Line  sizes  from 

Vi"  through  2".  Send  for  Technical  Presentation,  No.  123-D. 
ROVE  REGULATORS 
WALWORTH-GROVE-ALOYCO 
sales  division  of  Walworth  Company 

™™™    6529  Hollis  Street,  Oakland  8,  California 
Wtt$)    Offices  throughout  the  U.S.  and  in  Western  Canada 
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Idea:  Make  an  expandable  space  station 

LAND,  SEA,  AIR  or  SPACE ...  TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

This  may  well  be  America's  space  station  of  the  future. 
It's  made  of  expandable  fabric— a  concept  pioneered  by 
Goodyear  Aircraft  Corp.  (GAC) .  And  it  promises  to  solve 
significant  aerodynamic,  weight,  volume  and  erection 
problems  looming  in  the  path  of  advanced  space  projects. 

Today,  it  permits  the  gathering  of  actual  operating  ex- 
perience before  "giant"  boosters  become  available. 

Reason :  It  fits  in  a  small  package  atop  a  rocket's  nose  . . . 
is  lighter  than  proposed  metal  stations.  And,  it  can  be 
automatically  erected  in  space,  has  overload  recovery 
capabilities  that  let  it  shrug  off  sudden  stresses. 

Tomorrow,  large  stations,  100  feet  and  more  in  diam- 
eter, will  simulate  earth  living  conditions  (including 

gravity),  while  retaining  a  zero  "G"  hub  for  experimen- tation and  rendezvous  docking. 

Right  now  space  station  models  at  GAC  are  being  out- 
fitted for  human  factors  studies.  NASA  is  using  a  GAC- 

fabricated  station  for  the  same  purpose.  These  stations 
are  typical  of  our  capabilities  in  land,  sea,  air  or  space 
defense  systems. 

If  noiv  is  when  we  can  be  of  service  to  you  in  advanced 
systems  and  technology— aerospace  support  equipment- 
electronic  subsystems— lightweight  structures— or  mis- 

sile requirements,  write : 
Goodyear  Aircraft  Corporation,  Dept.  914PP, 
Akron  15,  Ohio,  or  Litchfield  Park,  Arizona. 

good/year 
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PRECISION  with  SIMPLICITY 

FROM  DELCO  RADIO 

That's  the  big  feature  in  Delco  Radio's  new  175  VA  and  250  VA  static  inverter  power  supplies. 
These  all-transistor  units  offer  increased  reliability  through  simplified  circuits.  Both  static  inverters 
are  designed  for  either  airborne  or  ground  applications  and  will  withstand  overload  and  output 

sbort  circuit  conditions  indefinitely,  delivering  at  least  110%  of  rated  output  before  going  into 

overload  protection.  Units  automatically  recover  to  full  output  upon  removal  of  overload  and 

short  circuit.  Units  are  designed  to  meet  the  environmental  requirements  of  MIL-E-5272C.  For 

further  information  on  military  electronics  write  Delco  Radio's  Military  Sales  Department. 

ELECTRICAL 
SPECIFICATIONS 

175  VA  STATIC  INVERTER 
Input 
Voltage:  27.5  VDC  ±  10%  per  MIL-STD-704 
Output 

175  VA  single  phase  0.5  lag  to  1.0  power 
factor 
1 15  V  adjustable  from  1 10  to  120  volts 
1-volt  change  for  any  variation  of  load  be- 

tween zero  and  110%  of  full  load,  and  input 
voltage  between  25  VDC  and  30  VDC 
400  ±  1  cps. 
Frequency  changes  less  than  1.0  cps.  for  all 
environment,  load  and  input  voltage  vari- ation 

Distortion:        Less  than  5%  total  harmonic 
Efficiency:         80%  at  full  load 

Power: 

Voltage: 
Regulation 

Frequency: 

250  VA  STATIC  INVERTER 
Input 
Voltage:  27.5  VDC  ±  10%  per  MIL-STD-704 
Current :  1 1 .4  Amp.  Max.  (at  27.5  VDC  and  250  VA  Output) 
Output 
Power:  250  VA  1  single  phase  0.6  lag  to  1.0  power 

factor 
Voltage:  1 15  V  ±  2.0  volts  absolute 

115  V  adjustable  from  110  to  120  volts 
Regulation:  0.7  volt  for  any  variation  of  load  between  zero 

and  110%  of  full,  and  input  voltage  between 
25  VDC  and  30  VDC 

Frequency:        400  ±  .5  cps. 
Frequency  changes  less  than  1.0  cps.  for  all 
environment,  load  and  input  voltage  vari- 
ation 

Distortion:        Less  than  5.0%  max.  total  harmonic 
Efficiency:         80%  at  full  load 
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Graduate  Engineers  &  Scientists 
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GENERAL  DYNAMICS 
POMONA 

General  Dynamics-Pomona  is  the  nation's 
leading  Development  &  Production  facil- 
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Immersion's  Value 
To  the  Editor: 

This  is  a  reply  to  the  letter  from  Mr. 
C.  W.  Lear,  of  Space  Technology  Lab- 

oratories, in  M/R,  Jan.  8,  regarding 
weightlessness  tests. 

Here  in  the  Psychophysiological  Stress 
Section  of  the  Biophysics  Branch  of  the 
6570th  Aerospace  Medical  Research  Lab- 

oratories, we  are  using  complete  water 
immersion  to  simulate  some  aspects  of 
weightlessness.  Mr.  Lear  is  quite  correct 
when  he  says  that  no  matter  how  the  body 
is  supported,  by  water  or  balloons,  it  re- 

mains in  a  g  field  and  balance  organs 
(particularly  the  otoliths)  are  affected. 
However,  he  is  equally  incorrect  when 
he  states  that  "true  weightlessness  is  ac- 

complished by  relieving  the  inside  of  the 
body  of  all  pressure  gradients."  As  we 
are  sure  Mr.  Lear  is  aware,  all  vital  func- 

tions are  dependent  on  pressure  gradients 
— whether  osmotic,  hydrostatic,  electrical 
or  ionic.  That  all  pressure  gradients  are 
not  relieved  during  weightlessness  is  doc- 

umented by  all  the  available  data  from 
the  study  of  animals  in  orbit,  including 
the  flights  of  Gagarin  and  Titov. 

Water  immersion  is  indeed  water  im- 
mersion and  not  weightlessness,  and  the 

subject  is  in  a  one-g  field.  However,  in  at 
least  two  aspects  we  feel  that  water  im- 

mersion simulates  situations  that  all  au- 
thorities agree  will  be  experienced  during 

true  weightlessness:  decreased  demands 
for  musculoskeletal  support,  and  dimin- 

ished or  absent  hydrostatic  pressure  effects 
of  blood.  Because  of  decreased  demands 
for  musculoskeletal  support  to  counter- 

act gravity,  water  immersion  produces 
deconditioning  effects  on  the  cardiovas- 

cular system,  muscle,  bone,  etc.,  similar  to 
long-term  bed  rest  but  much  accelerated. 
In  the  absence  of  hydrostatic  pressure  due 
to  gravity,  cardiovascular  reflexes  become 
less  efficient.  The  more  we  know  about 
these  phenomena,  their  mechanisms  and 
possible  protective  techniques,  the  better 
prepared  we  will  be  to  predict,  explain 
and  prevent  the  biologic  effects  of  true 
weightlessness  that  will  be  experienced 
during  orbital  and  space  flight  .  .  . 

Water  immersion  is  not  weightlessness, 
but  it  is  a  vital  tool  in  the  study  of 
phenomena  that  must,  for  the  present,  be 
studied  by  analogy. 

Michael  McCally,  Capt.,  USAF,  MC 
Psychophysiological  Stress  Section 
Biophysics  Branch 
Biomedical  Laboratory 
6570th  Aerospace  Medical 

Research  Laboratories 
Wright-Patterson  AFB,  Ohio 

A  for  Aerospace 
To  the  Editor: 

Your  March  19  cover  story,  on  Robert 
R.  Gilruth  receiving  the  1962  Goddard 
Memorial  Trophy,  contained  an  unfortu- nate error. 

The  initials  IAS  did  originally  stand 

for  the  Institute  of  the  Aeronautical  Sci- 
ences, as  stated  in  the  third  column,  second 

line  of  your  story.  But  since  Oct.  27,  1960, 
our  name  has  been  the  Institute  of  the 
AEROSPACE  Sciences. 

Mr.  Gilruth,  by  the  way,  is  not  only 
an  IAS  Fellow  and  1950  Reed  Award  win- 

ner. In  January  of  this  year  he  received 
the  coveted  Louis  W.  Hill  Space  Trans- 

portation Award,  which  carries  a  $5000 
honorarium,  the  largest  such  honorarium 
available  through  any  scientific  society. 

Paul  V.  Spillar 
Public  Relations  Manager 
Institute  of  the  Aerospace  Sciences 
New  York 

At  the  time  the  Institute  awarded  the 
Sylvanus  Albert  Reed  Award  to  Mr.  Gil- 

ruth in  1950,  IAS  still  was  the  Institute  of 
the  Aeronautical  Sciences.  For  that  reason, 
we  used  the  Aeronautical  reference  in  con- 

nection with  the  award.  For  a  discussion 
of  IAS  as  the  Institute  of  the  Aerospace 
Sciences,  see  M/R,  March  12,  pp.  38  and 
46.— Ed. 

Soviet  Hydrofoil  Lead 
To  the  Editor: 

Your  ASW  Engineering  article  in  the 
March  5  issue  ("Russia  Speeds  Up  Hydro- 

foil Production,"  p.  42)  was  most  timely 
and  intriguing.  The  Russians  are  so  far 
ahead  in  hydrofoil  experience  that  our 
present  efforts  appear  almost  ridiculous  as 
well  as  academic. 

Information  we  have  gathered  from 
various  sources  indicates  that  Russia  has 
about  60  Raketas  (66-passenger)  in  opera- 

tion with  about  200  in  process,  two  to  three 
Meteors  ( 150-passenger)  in  operation  with 
85  in  process,  plus  one  Sputnik  (300-pas- 
senger)  and  one  Mir  (90-passenger)  in 
operation  .  .  . 

The  funding  of  the  U.S.  Navy  programs 
mentioned  in  the  article — less  the  HS 
Denison,  which  is  a  Department  of  Com- 

merce and  industry  project — has  not  been 
much  more  than  the  Army  funding  of  a 
small  drone  aircraft  surveillance  system 
which  was  recently  cancelled.  In  view  of 
the  following,  this  seems  inexplicable. 

In  1953,  the  sea  trials  of  the  Albacore 
were  completed  and  the  value  of  clean 
underwater  shapes  finally  recognized.  In 
January,  1955,  the  Nautilus  finished  her 
sea  trials,  proving  the  practicability  of 
nuclear  propulsion  and  high-yield  compact 
power  packages.  Thus,  since  1955  there  has 
been  evidence  that  this  country  has  had  a 
pressing  need  for  fast  water  transportation 
if  it  ever  intended  to  contain  the  nuclear- 
powered  submarine  .  .  . 

The  background  of  history  should  have 
brought  this  whole  subject  into  sharp  focus. 
In  "The  Battle  of  the  Atlantic,"  naval 
historian  Adm.  S.  E.  Morison  wrote,  "In terms  of  money,  counting  sunken  ships  and 
cargoes,  time  lost  at  sea  and  expense  of 
operating  naval  vessels  and  planes  to  pro- 

tect the  seaways,  the  efforts  of  the  Ameri- 
can Republics  and  the  British  Empire 

amounted  to  some  HUNDREDS  OF  BIL- 
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LIONS  OF  DOLLARS  (caps  mine)." 
Compare  this  with  estimated  property 
damages  in  the  bombing  of  Britain  of  $5 
billion,  and  in  the  bombing  of  Germany 
less  than  $50  billion.  Consider  that  a 
relatively  small  number  of  men — about 
39,000 — manning  boats  which  were  three 
to  four  times  smaller  than  present  Russian 
submarines  managed  to  sink  some  2800 
ships.  At  one  time  the  Allied  tanker  fleet 
was  disappearing  at  the  rate  of  per 
month,  according  to  General  Marshall  .  .  . 

Our  timid  approach  to  hydrofoils  may 
well  prove  fateful.  The  idea  that  we  must 
design  the  1980  hydrofoils  in  1962  is  cer- 

tainly not  consistent  with  the  history  of 
ANY  human  development. 

Richard  L.  Barkley 
President 
Aquanautics,  Inc. 
Palo  Alto,  Calif. 

'High  Flight' To  the  Editor: 
I  would  like  to  commend  you  for  the 

poetic  editorial  in  your  Feb.  26  issue. 
J.  P.  Davis 
Nuclear  Engineer 
Burns  and  Roe.  Inc. 
New  York 

To  the  Editor: 
In  a  week  that  saw  the  Glenn  flight 

covered  from  all  possible  editorial  angles 
by  all  media,  I  think  your  handling  of  the 
subject  stands  well  above  the  rest  in  elo- 

quence and  dignity. 
Jack  Page 
Grant  Advertising,  Inc. 
Hollywood,  Calif. 

To  the  Editor: 
I  was  very  much  moved  to  see  the 

poem  "High  Flight"  as  your  fitting  editorial 
about  John  Glenn's  orbital  flight  .  .  . 

May  I  mention,  as  an  afterthought,  that 
"High  Flight"  originated  in  World  War  II, and  is  considered  one  of  the  best  poems  to 
have  come  from  this  holocaust.  John  G. 
Magee  was  a  member  of  the  RCAF,  killed 
in  action. 

His  wonderful  poem  inspired  me  so 
much  that  as  early  as  1945  I  translated  it 
into  German.  My  free  translation  was 
published  in  several  German  newspapers. 

Dr.  Hugo  Gabriel 
Redondo  Beach,  Calif. 

To  the  Editor: 
I  would  appreciate  it  if  you  could  tell 

me  where  I  might  get  a  copy  of  "High 
Flight." Frances  R.  Canning 

Lockheed  Missiles  &  Space  Co. 
San  Jose,  Calif. 

In  response  to  reader  demand,  M/R 
still  has  available  reprints  of  the  Feb.  26 
editorial  page  in  color,  without  the  edito- 

rial slugline  or  magazine  identification,  on 
heavy  paper  suitable  for  framing,  at  504 
each.  There  are  still  a  few  similar  lami- 

nated hard-finish  plaques,  mounted  on 
beaverboard,  available  at  $2.25  each. 
Orders  should  be  addressed  to:  Marketing 
Department,  Missiles  and  Rockets,  1001 
Vermont  Ave.,  N.W.,  Washington  5,  D.C. 
Payment  must  accompany  order. 

Increased  technical  resp)onsibilities  in  the  field 

of  range  measurements  have  required  the  cre- 

ation of  neiv  positions  at  the  Lincoln  Labora- 
tory. We  invite  inquiries  from  senior  members 

of  the  scientific  community  interested  in  par- 
ticipating with  us  in  solving  problems  of  the 

greatest  urgency  in  the  defense  of  the  nation. 

RADIO  PHYSICS 

and  ASTRONOMY 

RE-ENTRY  PHYSICS 

PENETRATION  AIDS 

DEVELOPMENT 

TARGET  IDENTIFICATION 

RESEARCH 

SYSTEMS: 
Space  Surveillance 
Strategic  Communications 
Integrated  Data  Networks 

NEW  RADAR  TECHNIQUES 

SYSTEM  ANALYSIS 

COMMUNICATIONS: 
Techniques  •  Psychology  •  Theory 

INFORMATION  PROCESSING 

SOLID  STATE 

Physics,  Chemistry,  and  Metallurgy 

•  A  more  complete  description  of  the  Laboratory's 
work  will  be  sent  to  you  upon  request. 

All  qualified  applicants  will  receive  consideration  for  employment  without 
regard  to  race,  creed,  color  or  national  origin. 

Research   and  Development 

LINCOLN  LABORATORY 

Massachusetts  Institute  of  Technology 
BOX  26 
LEXINGTON    73,  MASSACHUSETTS 
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OGO  will  check  in  here 

Soon  a  new  space  chamber  30  feet  in  diameter  will  fill  this 

deepening  bowl  of  earth.  Here  OGO  (NASA's  Orbiting  Geo- 
physical Observatory)  will  be  subjected  to  conditions  of  solar 

heating,  vacuum,  and  vehicle  radiation  to  the  cold  of  outer 
space.  The  new  space  chamber  will  be  the  sixth  at  STL.  It 
will  enable  engineers  and  scientists  working  on  OGO,  Vela 
Hotel  and  other  STL  projects  to  test  large,  complete  space- 

craft as  well  as  major  subsystems.  And  along  with  other  ad- 
vanced facilities  at  STL's  Space  Technology  Center,  it  will 

provide  unusual  scope  for  engineers  and  scientists  to  verify 
and  apply  new  techniques  in  design,  development  and  fabri- 

cation of  spacecraft.  STL's  expanding  space  programs  have 
created  new  opportunities  for  engineers  and  scientists  in  the 
following  fields:  Aerodynamics,  spacecraft  heat  transfer; 
Communication  Systems;  Electronic  Ground  Systems;  Power 
Systems;  Propellant  Utilization;  Propulsion  Controls;  Re- 

entry Body  Evaluation;  Systems  Analysis;  Thermal  Radiation; 
and  Trajectory  Analysis.  All  qualified  applicants  are  invited 
to  write  Dr.  R.  C.  Potter,  Manager  of  Professional  Placement 
and  Development,  for  opportunities  with  STL  in  Southern 
California  or  at  Cape  Canaveral.  STL  is  an  equal  opportunity 
employer. 

@ SPACE  TECHNOLOGY  LABORATORIES,  INC. 
a  subsidiary  of  Thompson  Romo  Wooldridge  /nc. 

P.O.  Box  95005-F,  One  Space  Park,  Redondo  Beach,  California  •  P.O.  Box  4277,  Patrick  AFB,  Florida 

Los  Angeles  •  Vandenberg  AFB  •  Norton  AFB.  San  Bernardino  •  Dayton  •  Cape  Canaveral  •  Washington,  D.C.  •  Boston  •  Huntsvllle 
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The  Countdown 

WASHINGTON 

NASA  to  Procure  Apollo  Solid  Booster 

NASA's  Manned  Spacecraft  Center  will  procure  a 
new  solid  booster  for  launching  of  boilerplate  Apollo 
spacecraft  on  earth-orbital  flights  next  year.  The  booster 
will  be  a  cluster  of  three  to  seven  solid  rockets,  possibly 
with  a  Scout  first  stage.  Proposal  conference  is  imminent 
for  the  contract,  which  will  be  worth  about  $10  million. 

Award  of  RIFT  Contract  Due 

Award  of  the  prime  contract  for  RIFT  (Reactor  In 
Flight  Test)  can  be  expected  during  the  last  week  in  April 
or  the  first  week  in  May,  according  to  NASA  officials. 
Competing  firms:  Martin  Co.,  Lockheed  Missiles  and 
Space  Co.  and  General  Dynamics/ Astronautics. 

Congress  to  Cut  NASA  Budget 

Two  major  NASA  programs  are  almost  certain  to  be 
cut  by  Congress.  A  House  space  subcommittee  already 
has  voted  to  kill  the  $10-million  request  for  the  Pros- 

pector program.  An  influential  member  of  the  space 
committee  says  some  $70  to  $80  million  also  should  be 
cut  from  the  Manned  Space  Flight  Program.  Prime 
target  for  this  will  be  Nova,  with  committee  members 
predicting  a  cut  of  25  to  30%  in  the  $163  million 
requested. 

More  Land  for  Cape  Canaveral 
Watch  for  an  announcement  soon  that  an  additional 

10,000  acres  of  land  will  be  purchased  to  expand  Cape 
Canaveral.  Decision  as  to  whether  NASA  or  Department 
of  Defense  will  fund  the  purchase  currently  is  holding 
up  the  announcement.  The  new  land  will  be  north  of 
the  recent  NASA  moon  base  expansion. 

That  Question  of  Overflights 

NASA  and  DOD  are  nearing  agreement  on  location 
of  the  Titan  III  pads  at  Cape  Canaveral.  The  pads  will 
be  within  NASA's  new  land  acquisition  between  the 
Advanced  Saturn  and  Nova  pads.  Both  NASA  and  the 
Air  Force  recently  testified  behind  closed  congressional 
doors  that  overflights  may  be  necessary  in  certain  cases. 
Reports  that  AF  had  opposed  this  were  incorrect  (M/R, 
April  2,  p.  12).  But  both  agencies  pointed  out  that,  in 
the  past,  complete  evacuation  was  required  before  an 
overflight. 

J-2  Engine  Gets  Nod  for  Saturn 

NASA  officials  have  decided  a  single  J-2  engine  will 
become  the  second  stage  of  the  Saturn  C-l  vehicle.  It  will 
replace  the  current  six  A-3  engine  stage.  Change  will 
take  place  in  the  1964-65  time  period.  The  single  J-2 
stage  thus  can  be  test-flown  for  future  use  in  the  Nova 
and  Advanced  Saturn  launch  vehicles. 

Announcement  of  120-inch  Winner  Near 

Contract  competition  for  the  120-inch,  solid  booster 
for  Titan  III  is  coming  down  to  the  wire  with  United 
Technology  Corp.  as  the  favorite  in  Washington  betting. 
Lockheed  Propulsion  Co.  is  second,  with  a  good  Penta- 

gon source  warning:  don't  count  Aerojet-General  out 

yet.  Take  your  pick.  Contract  should  be  announced  by 
week's  end. 

That  Mixed-Up  MRBM  Program 
Latest  word  on  the  muddled  MRBM  missile  program 

is  that  the  RFQ  will  go  out  by  April  15  for  six-month 
study  contracts,  with  dual  contracts  to  be  awarded  on 
subsystems.  One  reason  for  the  delaying  maneuver  on  a 
missile  already  studied  thoroughly:  NATO  may  not want  it. 

Polaris  A-4  Under  Navy  Study 

Navy  officials  say  they  still  are  studying  the  need  for 
an  A-4  Polaris  which  would  further  extend  the  standoff 
capability  of  Polaris  submarines.  They  point  out  that  the 
system  is  flexible  enough  to  accommodate  missiles  of 
larger  size  which  can  take  advantage  of  new  develop- 

ments in  propulsion  and  guidance.  Range  of  the  A-3: 2500  n.  mi. 

AF  Funding  Revealed  for  Titan  Buyout 
Air  Force  officials  reveal  that  $416.6  million  will 

be  spent  on  procurement  of  Titan  ICBM's  during  FY  '63. 
Fiscal  '64  funding  will  call  for  $106.8  million  to  com- 

plete equipping  of  Titan  squadrons.  In  FY  '65,  $68  mil- lion will  be  asked  for  procurement  of  missiles  for  crew 
training  launches. 

SUBROC  Slippage  Hit  by  Congress 
Congressmen  raked  the  Navy  over  the  coals  during 

procurement  hearings  on  the  Goodyear  SUBROC  under- 
water-to-underwater missile.  According  to  one  Congress- 

man, the  program  has  slipped  at  least  three  years.  Fidgeting 
Navy  officials,  exonerating  Goodyear,  blamed  AiResearch 
for  slippage  in  developing  the  internal  power  unit. 

INDUSTRY 

Germans  Buying  Tartar  For  Ships 

West  Germany  plans  a  ship-building  program  to  back 
up  acquisition  of  General  Dynamics/ Pomona  Tartar  mis- 

siles. Other  nations  buying  the  system  include:  Italy, 
France,  Australia  and  possibly  Japan. 

Lockheed  120-inch  Firing  Set 

Firing  of  Lockheed's  120-inch  booster  is  set  for  the 
first  week  of  May  at  the  propulsion  company's  Portero, 
Calif.,  facility.  Firing  time:  120  sec. 

UTC  Options  Florida  Land 
United  Technology  Corp.  has  taken  an  option  on 

land  at  West  Palm  Beach,  Fla.,  not  far  from  the  Pratt 
&  Whitney  facility.  Plans  call  for  its  use  as  a  big  booster 

plant. INTERNATIONAL 

Norway  to  Make  Bullpup 

Norway  will  be  the  prime  European  contractor  for 
the  Martin  Bullpup.  Some  parts  will  be  manufactured 
in  other  NATO  countries.  Britain,  whose  order  for  Bull- 
pups  will  be  double  that  of  any  other  European  nation, 
had  been  a  contender  for  the  $7-million  contract  but 
bowed  out  in  favor  of  Norway. 
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and  switches 

l  RUGGED,  DEPENDABLE  SERVICE] 

Genisco's  Accelerometers  are  made  to  with- 
stand the  rigorous  environments  of  today's aircraft  and  missiles.  Genisco  offers  many 

models,  including  the  GAH  accelerometer 
and  GBS  switch  which  operate  reliably  even 
during  high  vibration  and  shock.  Hermetically 
sealed  gas  damping  gives  accurate,  uniform 
response  over  a  wide  temperature  range. 
Miniature  sizes,  lightweight.  Standard  or 
custom  models  available  in  many  configura- 

tions and  sizes.  Write. 
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2233  Federal  Ave.,  Las  Angeles  64,  California 

The  Missile / Space  Week 

No  Extra  Solid  Funds  Seen; 
Liquids  Officially  Lagging 

Congress  apparently  has  decided 
not  to  increase  the  Kennedy  Admin- 

istration budget  request  for  solid 
propulsion  development  —  although 
NASA  officials  admit  their  liquid  pro- 

pulsion program  is  behind  schedule. 
Missiles  &  Rockets  has  learned 

that  a  House  space  subcommittee  has 

dropped  plans  to  boost  NASA's budget  in  the  solid  motor  area  by 
$35  or  $40  million. 

At  the  same  time,  Congress  is 
nearing  completion  of  its  consider- 

ation of  the  Air  Force  budget,  with 
no  sign  that  increased  funds  for 
solids  are  in  the  works. 

There  is  one  ray  of  hope  for 
solid  propulsion  backers.  Thomas  F. 
Dixon,  NASA  deputy  associate  ad- 

ministrator, told  the  subcommittee 
that  if  technological  development 
warrants  it,  NASA  will  request  a 
supplemental  budget  authorization 
for  solids  later  this  year. 

The  subcommittee  members,  led 
by  Chairman  Victor  Anfuso  (D- 
N. Y. ) ,  came  away  from  a  meeting 
with  Dixon  firmly  convinced  that  the 
U.S.  has  parallel  development  pro- 

grams in  liquid  and  solid  propulsion. 
Anfuso  said  that  if  NASA  and 

the  AF  continue  to  cooperate  on 
solid  motor  development,  "I  am 

satisfied." He  also  disclosed  the  following 
budget  figures  for  AF  development 
in  Fiscal  '63 :  156-in.  motor,  $20  mil- 

lion; 240-in.  motor,  $20  million;  120- 
in.  motor  for  the  Titan  III,  $73.3  mil- 

lion; facilities,  $15  million. 
Meanwhile,  a  top  NASA  official 

admitted  that  development  of  liquid- 
propulsion  engines  is  behind  sched- ule. 

A.  O.  Tishler,  assistant  director 
of  propulsion  for  advanced  manned 

spaceflight,  told  M/R  that  "we're 
late  across  the  board." 

Tishler  blamed  contracting  proce- 
dures which  enable  contractors  to  set 

target  dates  which  are  impossible 
to  meet. 

He  declared  that  slippage  in  the 
liquid  program  is  currently  a  matter 
of  a  few  months.  And  he  contended 
that  the  engine  delays  will  not  affect 
NASA's  launch  vehicle  schedules. 

"Some  people  would  like  to  be- 
lieve we're  in  trouble,  but  it  is  not 

true,"  Tishler  said. 
He  said,  however,  that  the  Pre- 

liminary Flight  Rating  Test  of  the 
F-l  engine  will  not  take  place  until 
mid-summer    of    next    year.  The 

PFRT  for  the  engine — which  will 
power  the  first  stages  of  the  Ad- 

vanced Saturn  and  Nova — was  sched- 
uled for  March,  1963. 

He  said  an  additional  two  years 
will  be  required  before  the  engine 
will  be  ready  to  be  test-flown  in  a 
vehicle. 

This  would  defer  the  first  launch 
of  the  Advanced  Saturn  until  mid- 
1965  at  the  earliest,  leaving  little 
time  to  get  the  big  booster  ready 
for  its  1966  circumlunar  missions 
with  the  Apollo  spacecraft. 

Tishler  said  development  of  the 
J-2  liquid  hydrogen-liquid  oxygen 
engine  is  also  behind  schedule.  The 
first  test  firing  of  the  engine  was 
accomplished  recently,  but  it  did  not 
reach  full  thrust. 

The  NASA  official  praised  Pratt 
&  Whitney  for  its  work  on  the  Cen- taur engine. 

"The  A-3  is  a  pretty  good  engine 
and  will  be  used  for  a  long  time.  They 

have  reason  to  be  proud  of  it," Tishler  said. 
The  first  launch  of  Centaur  was 

scheduled  for  late  last  week.  The 
vehicle  is  one  year  behind  its  planned 
development  program.  Technical  or 
weather  difficulties  could  force  fur- 

ther delay  in  the  first  launch. 

Committee  Okays  NASA  Boost 

The  House  Appropriations  Com- 
mittee approved  $80  million  in  Sup- 

plemental Fiscal  '62  budget  funds for  NASA,  but  turned  down  the 

space  agency's  request  for  $71  mil- lion in  construction  funds. 
The  committee  said  it  was  not 

opposed  to  the  construction  item,  but 
that  it  could  not  give  its  approval 
until  it  was  authorized  by  the  Space 
Committee. 

The  authorization  is  expected  be- 
fore the  end  of  the  current  session 

of  Congress. 

The  approved  research  and  de- 
velopment funds  represent  a  $5-mil- lion  reduction  in  the  NASA  request. 

NASA  told  the  committee  that 
$50  million  was  slated  for  the  Ad- 

vanced Saturn  program,  $9  million 
for  Centaur,  and  $26  million  for  a 
start  on  the  M-l  engine. 

Shots  of  the  Week 

The  Army's  Nike-Zeus  antimis- sile missile  successfully  intercepted 
a  Nike-Hercules  high  above  White 
Sands  Missile  Range,  N.M.,  March  28. 

The  second  successful  intercept 
of  a  Hercules  in  four  months,  the 
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Zeus  test  was  designed  as  a  compre- 
hensive evaluation  of  major  compo- 

nents of  the  system  against  a  high- 
performance  missile  target. 

Neither  missile  contained  a  live 
warhead,  and  the  intercept  was  de- 

termined by  electronic  measure- 
ments. 

Elsewhere : 
•  A  Polaris  A-2  missile  was  de- 

stroyed about  10  seconds  after 
launch  from  Canaveral  March  30. 

The  1700-mile  solid-fueled  missile 
was  destroyed  by  the  range  safety 
officer  after  it  veered  sharply  back 
to  the  north.  Although  naming 
wreckage  from  the  missile  fell  on 
the  Cape,  officials  said  there  were 
no  injuries  or  property  damage. 

A  four-stage  Scout  rocket  was 
launched  from  Wallops  Island  March 
28,  carrying  a  90-lb.  payload  de- 

signed to  probe  4000  miles  into  space 
and  transmit  back  information  about 
the  ionosphere. 

Measurements  included  electron- 
density  profile,  ion  density  and  type 
of  ions  in  the  ionosphere. 

•  France  fired  six  missiles  in  a 
successful  series  of  test  shots  in  the 
Sahara  March  19-26,  according  to  a 
Defense  Ministry  announcement. 

Two  of  the  six  tests  involved  the 
Agate  missile — the  basic  vehicle  for 
development  of  a  future  French  mis- 

sile striking  force  and  space  booster. 

U.S. -Soviet  Space  Talks  End 
U.S.  representative  Dr.  Hugh  L. 

Dryden,  of  NASA,  and  Soviet  dele- 
gate Anatoli  A.  Blagonravov  on 

March  30  ended  four  days  of  talks 
on  possible  areas  of  cooperation  in 
the  exploration  of  space. 

In  a  terse  statement  by  Dr.  Dry- 
den, it  was  revealed  that  representa- 
tives of  the  two  countries  would  meet 

again  for  expanded  talks,  either  in 
Washington  between  April  30  and 
May  10  or  in  Geneva  on  May  28. 

LeMay  Warns  of  Space  Threat 
Air  Force  Chief  of  Staff  Gen. 

Curtis  E.  LeMay,  in  a  speech  at  As- 
sumption College  in  Worcester, 

Mass.,  spoke  out  forcefully  for  the 
development  of  military  space  sys- 

tems "as  quickly  as  possible." 
In  a  highly  restrained,  literate 

speech,  LeMay  carefully  developed 
the  theme  that  the  U.S.  has  tradi- 

tionally been  slow  to  recognize  the 
military  benefits  of  scientific  ad- 
vances. 

We  cannot  afford  to  repeat  this 
mistake  in  space,  the  AF  chief  said, 
in  arguing  for  an  expanded  military 
space  role. 

(See  editorial,  p.  46 J 
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Missile-high  altitudes,  arctic  cold, 
blistering  heat,  tropical  humidity,  rain, 
dust  —  if  your  components  must  with- 

stand any  of  these  or  other  conditions, 
put  them  through  their  paces  in  your  lab 
with  Conrad  Environmental  Test  Cham- 

bers. Conrad  manufactures  more  than 
50  stock  models  and  has  produced 
hundreds  of  custom  types. 
Write  for  catalog. 

LOW  TEMPERATURE.  Standard 
8cu.ft.— 100°F.to+300°F.  NO. 58707 

TEMPERATURE— VIBRATION— ALTI- 
TUDE, with  radiant  heating.  NO.  60502 1,000  CU.  FT.  WALK-IN  altitude- 

temperature-humidity-rain  chamber. 

TEMP-RAC, 
compact  chamber 
for  temperature- altitude  tests. 

MULTIPLE  TEMPERATURE 
BATHS,  +30°F.,  0°F.,  — 20°F. — 60°F.,  —  90°F.  NO.  61201 

Conrad,  The  Industry  Pioneer,  Supports  The  Institute  of  Environmental  Science 

CONRAD,  INC. 
A  Subsidiary  of  Crampton  Mfg.  Co. 
Main  Office  and  Plant 
HOLLAND,  MICHIGAN 
Representatives  in  Principal  Cities 
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SPECIAL  REPORT 

NASA  R&D  BUDGET 

Spacecraft  Due  for  $1.2  Billion 

Request  for  manned  programs  jumps  eight  times — 

to  $863.6  million;  $273.5  sought  for  unmanned  systems 

NASA  WILL  POUR  over  $1.2  bil- 
lion into  development  of  manned  and 

unmanned  spacecraft  as  the  U.S.  drive 
to  land  a  man  on  the  moon  accelerates 

sharply  in  Fiscal  '63. This  is  by  far  the  largest  single  item 
in  the  $2.9-billion  research,  development 
and  operations  budget  which  NASA  is 
presenting  to  Congress. 

Requested  funds  for  manned  space- 
craft programs  increased  by  almost 

800% — jumping  from  $147.2  million 
in  Fiscal  '62  to  $863.6  million  in  the 
upcoming  fiscal  period. 

Almost  half  a  billion  dollars  will  be 
spent  on  the  command,  service,  and 
lunar-landing  modules  of  the  Apollo 
spacecraft — the  vehicle  designed  to  land 
three  men  on  the  moon  by  1967-68. 

Design,  fabrication  and  production 
of  the  two-man  Gemini  spacecraft  will 
cost  approximately  $102  million.  The 
first  of  the  spacecraft  will  be  test-flown 
in  the  middle  of  next  year. 

NASA  has  also  asked  Congress  to 
approve  a  $273.5-million  budget  in  the 
unmanned  spacecraft  area — $151.8  mil- 

lion for  lunar  vehicles  and  $89.7  million 
for  craft  which  will  explore  the  planets. 

Major  items  in  the  lunar  exploration 
area  include  the  Ranger  spacecraft,  $44 
million;  Surveyor,  $97.3  million  and 
Prospector,  $10.4  million  (although 
Prospector  is  in  trouble  on  Capitol  Hill. 
See  p.  9). 

Interplanetary  spacecraft  programs 
call  for  $9.2  million  for  Mariner  R; 
$73.7  million  for  Mariner  B  and  $6.8 
million  for  Voyager. 

A  breakdown  of  requests  for  manned 
and  unmanned  spacecraft  programs  fol- 

lows (in  millions  of  dollars): 
•  Project  Apollo  —  NASA  has  re- 

quested $617  for  the  manned  lunar 
landing  flight  program.  Funding  the 
command  and  service  modules  calls  for 
$345;  lunar-landing  module,  $123.1; 
guidance  and  navigation  system,  $32.4; 
instrumentation  and  scientific  equip- 

ment, $11.5;  operational  support,  $2.5; 
supporting  development,  $3;  solid 
rockets  for  suborbital  flights,  $8.8;  and 

the  Saturn  C-l  launch  vehicle  for  earth- 
orbital  flights,  $90.8. 

The  major  effort  in  Fiscal  '63  will be  devoted  to  design  of  spacecraft 
modules  and  components.  Boilerplate 
models  of  the  command  module  will  be 
flown  on  early  developmental  missions 
of  the  Saturn  C-l.  Initiation  of  space- 

craft fabrication  for  the  earth-orbital 
Apollo  flights  will  begin  before  the  end 
of  the  year.  Development  of  a  solid 
rocket  booster  for  ballistic  flights  will 
be  initiated. 

Other  major  problems  which  will 
receive  concentrated  efforts  in  Fiscal  '63 : 

—An  off-the-pad  and  post-launch 
abort  system  must  be  designed  for  the 
command  module.  It  is  likely  that  an 
escape  tower  similar  to  that  on  the 
Mercury  capsule  will  be  used  for  emer- 

gencies at  any  time  during  the  flight. 
—Development  of  testing  of  the 

life  support  and  environmental  control 
requirements  for  the  long  (7-to-14-day) 
Apollo  missions  will  begin. 

THE  NASA  BUDGET 

Missiles  and  Rockets  this 
week  devotes  its  leading  news 
pages  to  a  detailed  breakdown 
of  the  Fiscal  1963  research 
and  development  budget  of 
the  National  Aeronautics  and 
Space  Administration 

Where  will  NASA  spend 

its  money  in  FY  '63?  These 
pages  will  tell  you.  For  your 
convenience,  we  have  broken 
down  the  budget  figures  into 
the  following  sections: 
Spacecraft    p.  12 
Safe/fifes   p.  14 
Launch  Vehicles    p.  7  5 
Propulsion    p.  16 
Electronics    p.  17 
Space  Power    p.  34 

—Development  of  biomedical  moni- 
toring equipment  and  techniques  and 

systems  for  the  collection,  storing,  and 
processing  of  psycho-physiological  data 
will  also  be  pursued.  Studies  preliminary 
to  crew  selection  will  be  started. 

•  Project  Gemini — The  total  budget 
request  was  $203.2  million,  including 
$22.5  million  for  spacecraft  engineering 
development,  $86  million  for  fabrica- 

tion and  procurement,  $2.1  million  for 
flight-test  support,  $15.2  million  for 
operational  support  and  $5.5  million  for 
supporting  development. 

Procurement  of  launch  vehicles  will 

approximate  $72  million,  with  $50  mil- lion earmarked  for  Titan  II  and  $21.8 
million  for  Atlas-Agena. 

NASA  has  scheduled  12  flight  mis- 
sions for  the  two-man  Gemini  capsule, 

including  eight  manned  rendezvous  mis- 
sions. Current  planning  calls  for  pro- 

curement of  12  capsules,  11  Atlas- 
Agena  boosters  and  15  Titan  II  launch 
vehicles. 

Peak  production  of  the  spacecraft 

will  be  reached  during  Fiscal  '63;  the first  qualification  flight  is  planned  for 
mid-1963.  Although  the  spacecraft  will 
be  based  largely  on  the  Mercury  capsule 
technology,  new  subsystems  which  will 
be  needed  include  reaction  control,  on- 

board power,  in-space  maneuvering,  and 
control  to  meet  the  demands  of  in- 

creased spacecraft  size  and  extended 
maneuverable  flight. 

Operational  support  services  for  the 
flight  mission  will  be  provided  by  or- 

ganizations other  than  McDonnell  Air- 
craft Corp.,  prime  contractor  for  the 

project.  This  includes  the  cost  of  addi- 
tional contractor  personnel  deployed 

with  the  tracking  net  and  at  the  control 
center,  and  the  cost  of  necessary  ship 

operations. 
Supporting  development  covers  proj- 
ect components  and  test  items  that  are 

not  generally  included  in  the  prime  con- 
tractor's effort.  One  example  would  be 

the  paraglider  for  the  spacecraft  land- 

ing system. 
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•  One-day  Mercury  missions — 
NASA  has  requested  $12.1  million  for 
the  one-day  manned  orbital  flights  with 
the  Mercury  capsule.  Four  such  flights 
are  planned — the  first  expected  early 
next  year. 

The  total  includes:  capsules,  equip- 
ment and  services,  $4.5  million;  flight 

operations,  $1.4  million  and  recovery 
operations,  $6.2  million. 

Modification  of  the  last  four  Mer- 
cury capsules  will  include  the  addition 

of  more  cooling  capacity  for  equipment 
such  as  the  inverters  and  telemetry 
transmitters,  addition  of  three  3000- 
watt  batteries,  and  addition  of  hydro- 

gen peroxide  to  be  used  by  the  attitude 
control  jets  and  heating  equipment  to 
keep  the  horizon  scanner  within  tem- 

perature limits  during  the  longer  flights. 
In  order  to  handle  the  slightly  increased 
weight  of  the  bigger  capsules,  posigrade 
and  retrograde  rockets  more  powerful 
than  those  used  in  the  current  Mercury 
will  be  procured. 

•  Manned  spacecraft  technology 
and  aerospace  medicine — A  total  of  $31 
million  has  been  requested  from  Con- 

gress to  fund  technological  efforts. 
Some  $11.7  million  is  asked  for 

manned  spacecraft  technology,  includ- 
ing: mission  analysis,  $480,000;  sys- 
tems development  and  analysis,  $6.1 

million;  mission  simulation  and  training, 
$2.2  million;  and  operational  methods 
and  systems,  $2.9  million. 

Aerospace  medicine  funds  include 
provision  for  development  and  testing  in 
the  following  areas:  acceleration  and 
weightlessness  effects,  $6.2  million; 
radiation  protection,  $5.4  million;  life 
support  systems,  $4.7  million;  and  crew 
medical  selection  and  monitoring,  $2.8 
million. 

•  Ranger  (in  millions)  —  Project 
management  and  support,  $.9;  systems 
analysis  &  integration,  $1.6;  structural 
design  &  development,  $1;  AMR  facili- 

ties and  administration,  $.5;  lunar  cap- 
sule, $1.2;  compact  TV  systems,  $5.7; 

data  reduction  and  processing,  $1;  op- 
erations, $.5;  scientific  experiments, 

$1.2;  environmental  requirements  and 
testing,  $.4;  experimental  analysis,  $1.1; 
communication  and  telemetry,  $2.1; 
guidance  and  control,  $2.1;  power  sys- 

tems and  energy  control,  $.4;  pyrotech- 
nics design  and  development,  $.1;  in- 

strumentation systems,  $.6;  computer 
support,  $1.8;  and  Atlas-Agena  launch 
vehicles,  $20.9. 

•  Surveyor  (in  millions)  —  Project 
management  and  support,  $.9;  systems 
analysis  and  integration,  $.5;  structural 
design  and  development,  $.2;  spacecraft 
development  contract,  $29.1;  orbiter 
spacecraft  development  contract,  $18; 

Advanced 

Spacecraft  I 
fin  milli 

Manned 
Programs 
ons) 

FY  62    !    FY  63 

Manned  Spacecraft Technology 

$  14.9 $  11.7 
Aerospace  Medicine 17.2 19.3 

Flight  Missions 115. 
832. 

Total  Advanced 
Manned  Space 
Flight 147. 

863. Mercury 
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Spacecraft  Program 106. 151.8 

InlprnlnnPiTirv  1 1  n- iiiiciuiuiiciuiy  uii 
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Recoverable  Micro- 
meteoroid  Probe .2 .1 

Re-entry  Heating  and 
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Experiments 

.8 1.9 
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.9 

3. 

Total  Flight 
Program 11.9 23.1 

Advanced  Research  and Technology 
25.2 30.8 

Total  Spacecraft Technology 
!  $37.1 

$54. 
planning  and  documentation  support, 
$.2;  data  reduction  and  processing, 
$8.4;  scientific  experiments,  $10.1;  en- 

vironmental testing  and  requirements, 
$.3;  scientific  experiment  analysis,  $.6; 
communications  and  telemetry,  $.1; 
guidance  and  control,  $.3;  alternate  mis- 

sion package,  $5.1;  orbiter  surveillance 
subsystem,  $5.4;  computer  support,  $.5; 
and  Centaur  launch  vehicles,  $17.3. 

•  Prospector — Spacecraft  develop- 
ment contract,  $6.8;  systems  analysis 

and  integration,  $2.5;  experiment  anal- 
ysis, $.1;  project  management  and  sup- 
port .$8. 

•  Mariner  R — Total  $9.2  million, 

including  $3  million  for  the  spacecraft 
and  $6.2  million  for  the  Atlas-Agena 
launch  vehicles. 

•  Mariner  B — Total  $73  million, 
including  project  management  and  sup- 

port, $3.1;  systems  analysis  and  integra- 
tion, $4.9;  structural  design  and  devel- 

opment, $4;  AMR  facilities,  $.2;  data 
reduction  and  processing,  $3.6;  opera- 

tions, $.5;  scientific  experiments,  $8.8; 
environmental  requirements  and  testing, 
$3.4;  communications  and  telemetry, 
$7;  guidance  and  control,  $10.7;  TV 
systems,  $1.7;  power  systems  and  energy 
control,  $6.5;  instrumentation  services 
and  facilities  $.8;  computer  support, 
$.6;  and  Centaur  launch  vehicles,  $17.1 
million. 

•  Voyager  —  Total,  $6.8  million. 
Project  management  and  support,  $.7; 
systems  analysis  and  integration,  $.6; 
structural  design  and  development,  $.6; 
scientific  experiments,  $.9;  communica- 

tions and  telemetry,  $1;  guidance  and 
control,  $2.2;  power  systems  and  energy 
control,  $.6. 

•  Lunar  advanced  research  (mil- 
lions)— Mapping  the  lunar  surface,  $.8; 

lunar  fields  and  atmospheric  studies, 
$.5;  lunar  surface  and  interior  studies, 
$1.8;  instrumentation  research,  $1.7; 
data  analysis  and  interpretation,  $1.2; 
spacecraft  systems  and  mission  research, 
$.4;  and  materials  and  structures  re- search, $.7. 

•  Planetary  and  interplanetary  ad- 
vanced research  —  Total  $7.8  million, 

including  planetary  atmospheric,  sur- 
face and  subsurface  studies,  $1.1;  in- 

terplanetary particles  and  fields,  $1; 
biological  studies,  $1;  materials  and 
structures  research,  $  1 ;  instrumentation 
research,  $260,000;  planetary  astron- 

omy, $.7;  cosmology,  $.2;  spacecraft 
systems  and  mission  research,  $1.8;  and 
data  analysis  and  interpretation,  $.4. 

•  Advanced  lunar  technical  devel- 
opment— Total  $6.6  million;  design  and 

reliability  studies  and  services,  $1.1; 
data  processing  systems,  $.3;  guidance 
and  control  systems,  $1;  communica- 

tions &  electronics  systems,  $1.3;  lunar 
surface  analysis  instrumentation,  $1.7; 
development  of  radiometers  &  spectrom- 

eters, $.6  and  materials  and  structures 
development  $.6. 

•  Planetary  and  interplanetary  ad- 
anced  technical  development  —  Total 
$10.4  million,  including  design  and  re- 

liability studies,  $.9;  guidance  and  con- 
trol systems,  $1.4;  communications  and 

electronics  systems,  $1.2;  planetary  sur- 
face analysis  instrumentation,  $1.2; 

bioscience  instrumentation,  $1;  inter- 
planetary probe  instrumentation,  $.4; 

materials  and  structures  development, 

$1;  and  propulsion  systems  develop- 
ment, $3.  B 
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NASA  R&D  BUDGET 

Satellite 

'63  Outlay 

To  Top  $311 

Million 

ComSat  request  is  $85.3 

million,  meteorological  pro- 

gram calls  for  $51.1  million 

budget  figure 

NASA  PLANS  to  spend  over  $311 
million  for  scientific,  meteorological  and 
communication  satellites  in  Fiscal  1963. 

Scientific  exploration  with  orbiting 
satellites  is  earmarked  for  $175  million, 
including  $141  million  for  the  flight 
program,  $17.4  million  for  advanced  re- 

search and  $16.2  million  for  advanced 
technological  development. 

The  space  agency  is  requesting 
$85.3  million  for  communication  satel- 

lites, including  $2.6  million  for  ad- 
vanced research  and  $2.4  million  for 

advanced  technical  development. 
Major  elements  in  the  $80.2-million 

flight  program  are  Project  Rebound, 
$16.7  million;  Relay,  $19.1  million, 
Syncom,  $4  million;  Intermediate  Alti- 

tude Satellite  (Advanced  Relay),  $21.5 
million  and  the  Advanced  Synchro- 

nous Communications  Satellite,  $18.6 
million. 

Relay  funds  will  be  used  to  com- 
plete the  second  series  of  Relay  flight 

models  and  to  partially  fund  the  pro- 
curement of  three  Thor-Delta  boosters. 

Syncom  funding  will  provide  the  major 
share  of  the  cost  of  three  spacecraft. 
The  Advanced  Relay  funds  will  enable 
NASA  to  begin  development  and  fab- 

rication of  three  spacecraft  and  pro- 
curement of  launch  vehicles.  The  Ad- 

vanced Syncom  budgetary  request 
covers  procurement  of  two  of  the  three 
spacecraft  which  are  planned.  A  start 
will  also  be  made  on  purchase  of  the 
required  Atlas-Agena  launch  vehicles. 

Here  is  the  breakdown  of  the  re- 
quested ComSat  budget  (in  millions): 

—Rebound — Total,  $16.7;  space- 
craft, $1.6;  satellite  flight  units,  $1.75; 

systems  analysis,  coordination  and  plan- 
ning, $.8;  receivers,  antenna  feeds  and 

terminal  equipment,  $.8;  communica- 
tions experiments,  $.6;  Atlas-Agena 

launch  vehicles,  $11.8. 
—Relay — Total,  $19.1;  spacecraft 

fabrication  and  checkout,  $6.2;  systems 
coordination  and  planning,  $3.0;  spe- 

cial ground  equipment,  $1.1;  operations, 
$2.3;  Thor-Delta  launch  vehicles,  $6.6. 

—Syncom — Total,   $4.1;  spacecraft, 

$2.0;  Minitrack  operational  support 
test,  $.3;  computer  services,  $.1;  data 
reduction,  $.4;  ground  station  operation, 

$1.0. —Intermediate  Altitude  Satellite — 
Total,  $21.5;  spacecraft,  $6.4;  systems 
coordination  and  planning,  $2.1;  radia- 

tion experiment,  $1.0;  Atlas-Agena launch  vehicles,  $10.2. 
—Advanced  Syncom — Total,  $1 8.6; 

spacecraft,  $6.4;  ground  control  and 
communications  equipment,  $5.9;  Atlas- 
Agena  launch  vehicles,  $6.2. 

•  Meteorological — Budget  requests 
for  the  meteorological  satellite  program 
total  $51.1  million,  including  $1.8  mil- 

lion for  advanced  research  and  $9.6 
million  for  advanced  technical  develop- 
ment. 

The  $39.7-million  flight  program 
calls  for  the  procurement  of  four  Tiros 
and  two  Nimbus  satellites.  Develop- 

ment of  prototype  hardware  for  the 
Aeros  satellite  will  be  accelerated. 

Budgetary  requests  in  the  meteoro- 
logical satellite  flight  program  include: 

-Tiros  (IV  to  VII)— Total,  $3.3; 
spacecraft  fabrication,  assembly,  test, 
$.6;  integration,  $1.5;  data  acquisition, 
$.1;  data  reduction,  processing,  and 
analysis,  $.9;  infrared  subsystem  inte- 

gration, $.2. -Nimbus  (I  and  II)— -Total,  $17.9; 
scientific  experiments,  $.2;  integration 
and  testing,  $3.0;  attitude  control,  $1.9; 
solar  power  supply,  $1.2;  advanced  vidi- 
con  systems,  $.8;  high-resolution  infra- 

red detector,  $.06;  medium-resolution 
infrared  detector,  $.4;  low-resolution  in- 

frared, $.03;  command  clock,  $.06; 
PCM  telemetry,  $.7;  S-band  transmit- 

ters, $.03;  VHF/FM  transmitter,  $.03; 
VHF/AM  transmitter,  $.02;  ground  sta- 

tion integration,  $.8;  launch  support, 
PMR,  $.3;  video  data  compression 
equipment,  $.5;  data  analysis  and  proc- 

essing support,  $1.7;  tape  and  film,  $.2; 
spacecraft  modification  and  qualifica- 

tion, $1.1;  launch  vehicle  (Thor-Agena), 

$4.8. -Nimbus  (III  and  IV)— Total, 
$17.0;  scientific  experiments,  $.2;  inte- 

gration and  testing,  $1.7;  attitude  con- trol, $1.8;  solar  power  supply,  $.8; 
advanced  vidicon  systems,  $.7;  high- 
resolution  infrared,  $.2;  medium-resolu- 

tion infrared,  $.4;  low  resolution  infra- 
red, $.1;  command  clock,  $.2;  PCM 

telemetry,  $.4;  infrared  ground  equip- 
ment-real time,  $3.4;  infrared  data  dis- 

play, $1.0;  electrostatic  tape  camera. 
$1.1;  spectrometer,  $.6;  launch  vehicle 
(Thor-Agena),  $4.4. 

—Meteorological  Soundings — Total, 
$1.5;  fabrication,  rocket  instrumenta- 

tion, $.5;  grenades,  $.1;  field  services  and 
data  reduction,  $.2;  sound-ranging  field 
services,  $.2;  overseas  support,  $.3.  8 

Fiscal  '63  Budget  Requests  for  Scientific  Satellites IAPPROXIMATE) 
(IN  MILLIONS) 

Orbiting  Geophysical  Observatories  $  58.6 
Orbiting  Astronomical  Observatories  $  45.7 
Orbiting  Solar  Observatory  #1  $  .9 
Orbiting  Solar  Observatory  #2  $  2.9 
Advanced  Orbiting  Solar  Observatory  $  11.7 
Topside  Sounders  $  .9 
Ionosphere  Monitor  $  2.9 
Geoprobes  $  4.4 
Energetic  Particles  Satellite  $  .3 

Atmospheric  Structure  Satellite  $  .6 
International  Ionosphere  Satellite 

(U.K.  #1)  $  .3 
International  Satellite  (U.K.  #2)  $  5.2 
International  Satellite  (U.K.  #3)  $  1.7 
International  Satellite  (#4)  $  1.7 
Space  Biology  $  3.6 

Total  Flight  Program 
$141.5 
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NASA  R&D  BUDGET 

For  Launch  Vehicles: 

A  Record  $855.2  Million 

NASA  ESTIMATES  that  total  de- 
velopment of  the  Advanced  Saturn 

launch  vehicle  will  cost  approximately 
$1  billion.  The  big  down  payment, 
$335.1  million,  will  be  made  in  Fiscal  '63. 

Funding  for  the  Advanced  Saturn — 
which  is  now  the  primary  booster  for 
the  Apollo  program — accounts  for  al- 

most one  half  of  NASA's  record  $855.2 
million  launch  vehicle  budget  in  the 
fiscal  year  beginning  June  30. 

Other  major  items  include  $249.2 
million  for  Saturn  C-l,  $163.5  million 
for  Nova,  $66.6  million  for  Centaur, 
$8.9  million  for  Scout,  $230,000  for 
Delta  and  $31.6  million  for  launch  ve- 

hicle technology. 
Almost  all  of  the  Advanced  Saturn 

budget  will  go  for  development  engi- 
neering and  procurement  of  flight  and 

expendable  hardware. 
Hardware  procurement  for  the 

booster  includes  $41.1  million  for  long- 
lead-time  items  needed  for  the  test  and 
assembly  of  the  first  stage,  and  $38.6 
million  for  static-test,  one  dummy  flight- 
test  stage,  and  the  first  flight-test  vehicle 
of  the  second  stage.  Other  slated  pur- 

chases include  $9.7  million  for  the  third 
stage,  $12  million  for  two  Saturn  C-l 
vehicles  which  will  be  used  to  test-fly 
the  third  stage,  $3  million  for  the  guid- 

ance system  and  $5.4  million  for  system 
integration. 

Total  budget  request  for  develop- 
ment engineering  is  $162.9  million,  in- 

cluding $68.1  million  for  the  first  stage, 
$59  million,  second  stage;  $15.9  million, 
third  stage;  $7.1  million,  guidance  sys- 

tem, $12.6  million  systems  integration. 
Procurement  of  engine  flight  hard- 

ware will  cost  $28  million,  including 
$16.4  million  for  10  F-l  engines  and 
$12.4  million  for  33  J-2  engines. 

The  $3 3.1 -million  support  budget 
includes  $13.6  million  for  ground  sup- 

port equipment,  $5.4  million  for  system 
instrumentation,  $2  million  for  launch 
operations,  and  $12  million  for  procure- 

ment of  propellants. 
Other  vehicle  requests  include: 
•  Nova  —  NASA  is  requesting  a 

total  of  $163  million  for  the  giant 

booster,  but  opposition  is  building  up  in 
Congress  and  it  is  very  likely  that  this 
will  be  slashed,  perhaps  by  as  much  as 
$50  million. 

The  total  request  includes  $131.9 
million  for  vehicle  development  calling 
for  engineering  design  of  $65.9  million 
for  the  first  stage,  $46.9  million  for  the 
second  stage,  $2.6  million  for  the  guid- 

ance system,  and  $5.8  million  for  system 
integration. 

Procurement  of  flight  and  expend- 
able hardware  will  include  only  $6.3 

million  for  the  first  stage,  $4.1  million 
for  the  second  stage,  and  $  1  million  for 
system  integration. 

Engine  procurement  will  be  funded 
at  $3.1  million,  and  $28.4  million  is 
the  estimated  cost  of  system  support. 

•  Saturn  C-l — Major  emphasis  in 
Fiscal  '63  for  the  large  1.5-million-lb.- 
thrust  booster  will  be  third,  fourth,  and 
fifth  flights  in  the  10-vehicle  develop- 

ment series.  Manufacturing  of  the  sixth 
and  seventh  vehicles  will  reach  ad- 

vanced status,  and  manufacturing  of  the 
final  three  flight  test  models  will  be 
initiated. 

NASA's  total  request  is  $249.2  mil- 
lion— $155  million  for  vehicle  develop- 

ment, $36.7  million  for  engine  develop- 
ment and  $56.9  million  for  systems 

support. 
Details  of  the  vehicle  development 

budget  include  $73.4  million  for  engi- 
neering design;  $27.5  million  for  the 

first  stage;  $23.5  million  for  the  second 
stage,  $7.4  million  for  the  guidance 

system. 
Procurement  of  flight  and  expend- 

able hardware  totals  $82  million — in- 
cluding $47.5  million  for  the  first  stage, 

$18.8  million  for  the  second  stage,  $9 
million  for  the  guidance  system  and 
$6.6  million  for  system  integration. 

Engine  development  funds  will  be 
used  for  engineering  design  and  pro- 

curement of  the  engines  required  by  the 
last  three  Saturn  development  flights, 
including  $11  million  for  H-l  and  $25.7 
million  for  A-3. 

The  space  agency's  request  for  sys- 
tem support  includes  $22  million  for 

CONVAlR's  Centaur,  shown  being  mated 
to  Atlas,  was  to  be  fired  last  week. 

ground  support  equipment;  $9  million 
for  ground  instrumentation,  $14.2  mil- 

lion for  launch  operations  and  $10.8 
million  for  procurement  of  propellants. 

•  Centaur — NASA  plans  to  spend 
some  $46.9  million  for  development  of 
the  Centaur  vehicle  in  Fiscal  '63.  Other 
major  funding  areas  in  the  liquid 
hydrogen-liquid  oxygen-powered  upper 
stage  are  $11.1  million  for  engine  de- 

velopment and  $8.5  million  for  system 

support. The  vehicle  development  program 
calls  for  $7.6  million  for  design  of  the 
Centaur  vehicle  stage,  $13.8  million  for 
fabrication  of  the  vehicle,  $7.4  million 
for  procurement  and  modification  of 
the  Atlas,  $7.4  for  ground-testing  and 
$10.7  million  for  launch  support. 

•  Scout — Fiscal  '63  funds  will  be 
used  to  complete  qualification  of  the 
solid-propulsion  vehicle  and  institute  a 
motor  improvement  program. 

Of  the  $8.9-million  total,  $1.8  mil- 
lion will  be  used  for  vehicle  develop- 

ment and  $1.4  million  to  modify  the 
existing  guidance  system  and  develop  a 
lightweight  fourth-stage  unit. 

Modification  of  the  second-stage 
motor   will    cost    about    $4  million. 

•  Delta  —  Only  $268,000  is  re- 
quested in  Fiscal  1963  to  complete 

evaluation  and  final  review  of  the  de- 
velopment program  of  the  three-stage 

launch  vehicle,  used  to  launch  a  variety 
of  scientific,  meteorological,  and  com- 

munication satellites  and  space  probes. 
•  Launch  vehicle  technology — The 

total  request  is  $31.6  million — $7.4  mil- 
lion for  advanced  systems  studies  and 

$24.2  million  for  vehicle  technology.  S 
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NASA  R&D  BUDGET 

Bulk  of  Propulsion 

Funds  Going  for  Liquids 

THE  CIVILIAN  space  agency  is 
asking  Congress  for  a  little  more  than 
$305  million  to  support  the  agency's 
propulsion  effort  for  Fiscal  1963. 

More  than  half  this  money  is  sched- 
uled for  the  liquid-propulsion  program. 

The  nuclear  propulsion  program 
scored  the  greatest  percentage  gain, 
tripling  its  funding  over  the  previous 
year.  This  is  because  tests  of  the  com- 

plete engine  are  due  in  Fiscal  1964, 
and  flight  tests  in  calendar  1966-7. 

NASA  solid-propulsion  funding  con- 
tinues at  a  low  ebb,  but  officials  say 

that  if  technological  developments  war- 
rant, the  agency  will  ask  for  a  supple- 

mental budget  increase. 

•  Electrical  propulsion  —  NASA's 
$31 -million  electric-propulsion  program 
anticipates  four  typical  missions  for 
electric  units  in  1967-75: 

—Vernier  corrections  of  satellite 
orbits  and  space  vehicle  trajectories. 

— Interorbital  transport  of  large  pay- 
loads  from  low  orbits  to  higher  orbits 
about  the  earth. 

—Transport  of  large  payloads  from 
low  orbits  about  the  earth  to  low  orbits 
about  the  moon. 

—  Manned  and  unmanned  planetary 
and  deep  space  probes. 

Leading  contenders  among  the  vari- 
ous types  of  electric  propulsion  systems 

are  the  arc-jet,  ion-jet,  and  magnetohy- 
drodynamic  (MHD  or  plasma)  jet. 

Requested  Fiscal  1963  funding  for 
advanced  research  in  electric  propul- 

sion, in  millions  of  dollars: 
Ion  rocket-engine  research — ion  gen- 

eration and  acceleration,  $2.3;  propel- 
lant  research,  $0.9;  beam  neutraliza- 

tion, $1.1. 
Arc-jet  research,  $1.1.  Plasma-jet 

research  $4.0.  General  research — pro- 
pellant  feed  systems,  $1.2;  high-vacuum 
research,  $0.6;  mission  analysis,  $0.9. 

For  advanced  technical  development: 
Prototype  development — 1-  and  30- 

kw  arc-jet  engines,  $2.0;  30-kw  ion 
engine,  $5.0;  advanced  systems  and 
components,  $3.8. 

For  flight  programs: 
Test  and  evaluation  support,  $1.4; 

flight  packaging,  $3.8;  vehicles,  $2.5. 
•  Liquid  propulsion  —  Aim  of 

NASA's  $163-million  liquid-propulsion 
program  for  Fiscal  '63  is  to  develop 
reliable  rocket  engines  able  to:  (1)  sup- 

port development  of  launch  vehicles', 
(2)  anticipate  requirements  for  space 
operations  such  as  rendezvous,  lunar 
orbiting  and  landing,  and  planetary 
flight;  and  (3)  undertake  advanced  de- 

sign and  experimental  investigations. 
Accordingly,  the  liquid-propulsion 

programs  call  for  developing  a  small 
number  of  reliable,  appropriately-sized 
engines  able  to  meet  mission  require- 

ments. These  engines  are  the  1.5- 
million-lb. -thrust  RP-l-oxygen  engine 
(F-l),  the  200,000-lb.-thrust  hydrogen- 
oxygen  engine  (J -2),  and  the  1 -million- 
lb. -thrust  hydrogen-oxygen  engine  (M-l). 

Requested  funding  for  the  F-l,  in millions  of  dollars,  is: 

Design,  $0.4;  component  develop- 
ment, $8.4;  component  test,  $10.5;  en- 

gine development,  $12.5;  engine  test, 
$10.6;  fabrication  and  test  equipment, 
$4.5;  propellants,  $8.3. 

For  the  J-2: 
Design,  $0.4;  component  develop- 

ment, $4.8;  component  test,  $6.1;  en- 
gine development,  $6.9;  engine  test, 

$7.5;  fabrication  and  test  equipment, 
$4.1;  propellants,  $9.1. 

For  the  M-l: 
Design,  $0.9;  component  develop- 

ment, $9.1;  component  test,  $10.0;  en- 
gine development,  $11.1;  engine  test, 

$7.7;  fabrication  and  test  equipment, 
$3.3;  propellants,  $13.3. 

For  analysis  and  experimental  de- 
velopment: 

Launch  vehicle  engines,  $7.9;  space- 
craft engines,  $5.8. 

•  Solid  propulsion — The  $8-million 
solid-propulsion  program  proposed  for 
Fiscal  '63 — about  one-twentieth  the 
funding  of  its  liquid  counterpart. 

Requested  funding  for  systems  and 
components  development  for  solid  pro- 

pulsion, in  millions  of  dollars,  is: 
Mission,  motor  and  system  studies, 

$1.0;  solid-motor  feasibility  demonstra- 
tion, $2.1;  motor  subsystem  investiga- 
tions, $2.4;  components  and  materials, 

$1.9;  storage  and  environment  effects, 
$0.6. (Continued  on  page  34) 

NASA  Requested  Funding  for  Propulsion 
(in  millions  of  dollars) 

FY  1961  !  FY  1962  |  FY  1963 FY  1961 FY  1962 FY  1963 

ELECTRIC  PROPULSION 
Adv.  research 

Adv.  tech.  develop. 

Flight  Programs 

4.S7S 

2.204 

0.385 

6.659 

5.770 

5.152 

12.198 

10.725 

7.724 

Analysis,  exp.  systems, 
component  develop. 3.303 9.218 13.738 

Sub-Total 72.726 129.901 
163.102 

SOLID  PROPULSION 

Systems  &  components  dev. 1.899 4.297 7.944 
Sub-Total 7.164 17.581 30.647 

NUCLEAR  PROPULSION 
Adv.  research 

Adv.  tech.  develop. 

Flight  programs 

LIQUID  PROPULSION 

1.5 -mil lion-lb. -thrust  engine 

200,000-lb.-fhrust  hydrogen- 
oxygen  engine 

l-million-lb.-thrust  hydrogen- 
oxygen  engine 

50.849 

18.574 

56.798 

37.885 

55.316 

38.732 

1 
2.671 
1.500 

0.398 

3.146 
33.200 
1.420 

8.029 
61.800 

33.945 
(supp.) 
26.000 

Sub-Total 4.569 37.766 
103.774 

55.316 TOTAL 86.358 189.545 305.467 
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SPECIAL  REPORT 

NASA  R&D  BUDGET 

Electronics  Market  Trebled  Since  '61 

NASA  FY  '63  Budget  for  Tracking  and  Data  Acquisition 

THE  NASA  MARKET  for  manu- 
facturers of  electronic  components  is 

climbing  steeply. 
NASA  spending  on  tracking  and 

data  acquisition  systems  is  budgeted  for 
an  increase  of  nearly  60%  over  the 
Fiscal  '62  figure.  This  means  Fiscal  '63 
money  for  these  electronic  systems  will 
be  more  than  three  times  the  FY  '61 
level. 

NASA  plans  to  spend  some  $158,- 
410,000  on  these  systems  in  the  year 
ahead,  compared  to  $94,844,000  in 
1962  and  $44,330,000  in  1961. 

Biggest  increase  will  come  in  money 
for  equipment  and  components.  Spend- 

ing in  this  area  during  FY  '63  will  be 
$74,645,000,  compared  to  $26,417,000 
in  the  current  year. 

The  budget  for  systems  development 
goes  up  from  $13,051,000  to  $15,950,- 
000  and  for  network  operations  from 
$55,376,000  to  $67,815,000. 

The  '63  NASA  budget  for  equip- 
ment and  components  in  this  field 

breaks  down  this  way  (in  millions  of 
dollars) : 

•  Satellite  network  —  Maintenance, 
spares  and  replacement,  $6,788.  Spend- 

ing for  expansion  of  network  capability: 
antennas,  $4,674  receiving  and  record- 

ing, $3,168;  command,  $2,175;  data 
handling  and  processing,  $1,654;  track- 

ing, $1,781.  Total  for  the  satellite  net- 
work: $20,230. 

NASA  officials  say  higher-gain 
ground  antennas  are  required  for  the 
netw  ork  in  view  of  the  increase  in  the 
number  of  satellites,  which  has  resulted 
in  a  corresponding  increase  in  the  band- 

width or  amount  of  information  trans- 
mitted per  unit  of  time.  Provision  of 

136-megacycle  yagi  self -tracking  an- 
tennas for  all  stations  is  to  be  completed 

in  Fiscal  '63.  Mobile  stations  of  medium 
bandwidth  capability,  between  the  yagi 
type  and  the  large  data  acquisition  facil- 

ities of  the  Alaska  type,  will  provide 
perigee  coverage  for  Eccentric  Geo- 

physical Observatories  as  well  as  emer- 
gency support  to  other  observatories  and 

satellites. 
New  receiving,  detection  and  signal 

conditioning  equipment  will  be  required 
to  support  telemetry  requirements.  Ten 
stations  are  slated  for  installation  of 
pulse  code  modulation  systems,  includ- 

ing signal  conditioning,  synchronizing 
and  decommutation  instrumentation 
plus  display  equipment. 

Sysfems  Developmeni 

Network  Operations 

Equipment  and  Components 

Procurement  and  installation  of 
specialized  command  instrumentation — 
including  antennas,  transmitters  and  en- 

coders— will  be  completed  at  ten  sta- 
tions in  FY  '63.  Special  real  time  read- 

out telemetery  also  will  be  installed  at 
several  sites. 

•  Manned  flight  network — Mainte- 
nance, spares,  and  replacement,  $3,269. 

Spending  for  expansion  of  network  ca- 
pability: PCM  ground  station  equip- 

ment receivers,  recorders,  discrimina- 
tors, demodulators,  $14,379;  S-band 

ground-to-capsule  data  and  voice  com- 
munications systems,  $5,882;  modifica- 

tion of  telemetry  and  acquisition  aid 
systems,  $5,882;  control  center  equip- 

ment, $2,615;  ranging  and  positioning 
equipment  for  terminal  trajectory  in- 

strumentation, $2,615;  FM/FM  tele- 
metry equipment,  $1,308.  Total  for  the 

manned  flight  network:  $35,950. 
NASA  says  additional  equipment  is 

required  at  Mercury  and  other  existing 
sites  to  provide  tracking,  communica- 

tion, control  and  telemetry  capability 
for  the  Gemini  and  Apollo  spacecraft. 

PCM  telemetry  ground  equipment  is 
needed  at  all  stations  and  real-time  tele- 
metary  read-out  equipment  is  needed  at 
certain  sites.  For  Apollo,  initial  instal- 

lation of  S-band  ground-to-capsule  com- 
munication, telemetry  and  tracking 

equipment  will  begin  at  some  sites  to 
provide  the  capability  of  monitoring 
R&D  S-band  equipment.  S-band  com- 

munication will  be  used  on  the  Apollo 
lunar  mission  to  insure  compatibility 
with  the  existing  DSIF  network. 

•  Deep-space  network  —  Mainte- 
nance, spares,  and  replacement,  $4,095. 

Spending  on  expansion  of  network  ca- 
pability: masers,  $1,396;  recording  and 

data  processing  instrumentation,  $0,785; 
modifications  to  DSIF  antennas,  $3,050; 
multi-channel  receivers  and  automatic 
detection  and  frequency  acquisition, 
$2,789;  automatic  checkout  and  cali- 

1962 1963 

$13,051,000 $15,950,000 

55,376,000 67,815,000 

26,417,000 74,645,000 

bration  equipment,  $3,316;  precision 
ranging,  $1,569.  Total  for  the  deep- 
space  network:  $17,000. 

Spare  and  replacements  for  equip- 
ment in  the  deep-space  network  include 

such  units  as  generators,  pumps,  and 
hydraulic  and  electrical  machinery. 
Stepping  up  of  operations  to  a  full  three- 
shift,  seven-day  week  in  FY  '63  will  re- 

quire increasingly  heavy  replacement  of 

equipment. NASA  says  several  improvements 
are  required  at  the  DSIF  stations. 
Masers  will  be  installed  at  all  stations 
to  reduce  the  noise  level  of  electronic 
equipment.  Additional  data  recording 
and  handling  equipment  will  be  installed 
for  the  Mariner  and  Surveyor  programs. 

Antennas  will  be  modified  to  con- 
vert them  from  prime-focus-feed  to  a 

Cassegrain  feed  system.  Multi-channel 
receivers  capable  of  receiving  transmis- 

sions from  more  than  one  spacecraft  on 
the  moon,  and  automatic  detection  and 
frequency  acquisition  electronics,  are  to 
be  installed  at  all  DSIF  stations. 

•  Ground  communications  network 
— A  total  of  $1,465  in  all  areas — includ- 

ing updated  terminal  equipment,  video 
monitoring  facilities  and  test  equipment, 
channelization  equipment  and  circuit 
assurance  and  checkout  equipment. 

•  New  systems — In  addition  to  im- 
provement of  existing  systems,  NASA 

plans  considerable  R&D  on  new  track- 
ing and  data  acquisition  systems. 
The  agency  says  the  extensive  use 

of  large  reflector  antennas  in  ground 
instrumentation  has  brought  to  light 
many  deficiencies  in  present-day  an- 

tenna equipment. 
One  antenna  area  which  will  receive 

attention  is  that  of  the  basic  drive  sys- 
tems. Development  will  concentrate  on 

electrical-drive  systems  to  replace  pres- 
ent hydraulic-drives.  Other  areas  where 

improvement  is  needed  include  eddy- 
current  clutches  and  differential  drives.  X 
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"Why"  and  "How"  are  more  than  words  to  him;  they're  a  way  of  life.  The  need  to  know  is  an  urgent  drive  that  won't let  him  rest. 
Are  you  a  questioner  by  nature?  Then  come  to  Northrop.  Pick  your  own  area  of  investigation  from  more  than  70 

active  projects.  They  range  from  space  guidance,  life  support  and  deceleration  systems  to  undersea  technology, 
automatic  checkout  and  failure  prediction  systems. 

Human  factors  engineers,  physicists  and  mathematicians  for  space  electronics  phenomena  are  particularly  needed 

just  now,  but  if  you  have  an  active,  seeking  mind,  there's  bound  to  be  a  spot  for  you  at  Northrop  whatever  your 
specialty. 

If  you'd  like  to  know  more,  write  to  Dr.  Alexander  Weir,  Northrop  Corpo- 
ration, Box  1525,  Beverly  Hills,  California.  You  will  receive  a  prompt  reply. 

NORTHROP 
AN  EQUAL- OPPORTUNITY  EMPLOYER 
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One  answer  to  the  tough  hydrofoil  propulsion  problem 
could  be  the  Martin  Co.'s  underwater  ramjet,  for  which  the 
firm  recently  won  a  $40,000  contract  from  the  Navy's  Bu- 

reau of  Ships.  Object  is  to  see  if  the  company's  Marjet — an 
underwater  marine  propulsion  system  that  uses  a  mixture  of 
forced  air  and  water  instead  of  propellers — can  be  used  to 
power  very  large,  high-speed  hydrofoil  ships. 

ADVANCED  MATERIALS 

Quartz  Springs  Can  Check  Weight  of  Bacteria 

After-hours  work  by  two  Lockheed-Sunnyvale  engineers 
has  resulted  in  the  fabrication  of  coiled  springs  from  fused 
quartz.  The  tiny  springs  are  stronger  than  steel  but  in- 

credibly accurate — they  can  be  used  to  check  the  food 
intake  of  bacteria.  The  two  engineers  worked  up  the  tech- 

nique as  a  hobby,  but  it  might  find  a  variety  of  uses  in  the 
Lockheed  Polaris  shops. 

High-Pressure  Test  Cell  Perfected 

A  simple  piston-cylinder  system  has  been  modified  for 
simultaneous  pressure  and  temperature  applications  by  en- 

gineers at  Wright  Field.  The  device  is  capable  of  pressures 
up  to  20,000  atmospheres  and  temperature  up  to  1700°C. 
It  uses  an  internal  furnace  made  of  carbon-silicon  carbide 
requiring  less  amperage  than  a  comparable  graphite  unit. 
The  specimen  chamber  volume  was  increased  through  boron 
nitride  and  mica  insulation  techniques. 

ASTRONAUTICS 

Space  Radiation  Hazard  Minimized 

Interplanetary  travelers  are  being  assured  that  solar 
flares  will  be  practically  no  problem.  Dr.  John  A.  Simpson, 
of  the  University  of  Chicago's  Enrico  Fermi  Institute  for 
Nuclear  Studies,  points  out  that  the  only  uncontrolled  hazard 
to  man  in  interplanetary  space  is  the  proton  beam  from 
solar  flare  explosions.  "However,"  he  says,  "probably  not 
more  than  one  event  in  a  year,  at  most,  is  sufficiently  intense 

to  destroy  by  radiation  man's  usefulness  in  space."  He  indi- 
cated that  this  assessment  was  based  on  the  use  of  space- 

craft without  radiation  shielding. 

PROPULSION 

Sprayed  Electrons  Suggested  for  MHD 

A  new  way  to  get  ions  for  large-scale  generation  of 
electric  power  by  magnetohydrodynamics  (MHD)  is  to 
spray  electrons  from  a  series  of  electron  guns  into  the  hot- 
gas  stream.  The  usual  method  is  to  heat  the  gas  sufficiently 
to  strip  electrons  from  the  gas  atoms,  thereby  changing 
them  into  ions.  Four  Westinghouse  engineers  devised  the 
new  method,  which  is  said  to  include  benefits  such  as  low- 

ering the  MHD  operating  temperatures  almost  one-third, 
dispensing  with  all  heavy  rotating  machinery  in  an  MHD 
system,  and  eliminating  the  need  for  seeding  the  gas  with 
an  alkali  metal  such  as  cesium  or  potassium. 
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Technical  Countdown 

ELECTRONICS 

IATO  Laser  Symposium  Held 

Western  scientists  met  last  week  in  The  Hague,  Nether- 
nds,  to  discuss  the  present  state  of  the  art  in  laser  tech- 
ology  and  its  potential  military  applications.  Sponsored  by 
lie  Assistant  Secretary  General  for  Scientific  Affairs  of 
(ATO  and  the  SHAPE  Air  Defense  Technical  Center,  the 
inference  was  attended  by  over  150  scientists  on  an  invi- 
tion-only  basis. 

am-  and  Fool-proof  Radars? 
To  counter  the  effect  of  loss  of  target  on  tracking  radars 

lue  to  either  natural  or  man-made  interference),  Sperry 
,yroscope  engineers  have  developed  a  computer  prediction 
ethod  to  keep  a  high-performance  3-D  radar  tracking  at 
ie  correct  rate  and  in  the  proper  direction.  The  computer, 
;ing  inputs  stored  up  to  the  time  of  target  loss,  is  believed 
eal  for  taking  advantage  of  the  limited  maneuverability 
I  high-speed  aircraft  and  guided  missiles. 

vco  to  Handle  Zeus  Target  Study 

A  six-month  contract  has  been  awarded  by  Bell  Tele- 
iione  Labs  to  Avco  Research  and  Advanced  Development 
Ir  a  study  of  ways  to  enhance  the  capability  of  Nike-Zeus. 
pe  work  will  include  investigation  into  other  problems 
|ch  as  information  handling,  guidance  and  communication 
^relation. 

ASW  ENGINEERING 

amjet  for  Hydrofoils 

One  answer  to  the  tough  hydrofoil  propulsion  problem 
iuld  be  the  Martin  Co.'s  underwater  ramjet,  for  which  the 
m  recently  won  a  $40,000  contract  from  the  Navy's  Bu- 
au  of  Ships.  Object  is  to  see  if  the  company's  Marjet — an 
iderwater  marine  propulsion  system  that  uses  a  mixture  of 
reed  air  and  water  instead  of  propellers — can  be  used  to 
>wer  very  large,  high-speed  hydrofoil  ships. 

ADVANCED  MATERIALS 

uartz  Springs  Can  Check  Weight  of  Bacteria 

After-hours  work  by  two  Lockheed-Sunnyvale  engineers 
Its  resulted  in  the  fabrication  of  coiled  springs  from  fused 
tartz.  The  tiny  springs  are  stronger  than  steel  but  in- 
edibiy  accurate — they  can  be  used  to  check  the  food 
take  of  bacteria.  The  two  engineers  worked  up  the  tech- 
que  as  a  hobby,  but  it  might  find  a  variety  of  uses  in  the 
jckheed  Polaris  shops. 

igh-Pressure  Test  Cell  Perfected 

A  simple  piston-cylinder  system  has  been  modified  for 
nultaneous  pressure  and  temperature  applications  by  en- 
ineers  at  Wright  Field.  The  device  is  capable  of  pressures 
)  to  20,000  atmospheres  and  temperature  up  to  1700°C. 
uses  an  internal  furnace  made  of  carbon-silicon  carbide 

Iquiring  less  amperage  than  a  comparable  graphite  unit, 
he  specimen  chamber  volume  was  increased  through  boron 
;ride  and  mica  insulation  techniques. 

Missile  Shock  Detector  Goes  Commercial 

A  tiny  mechanical  unit  that  indicates  rough  handling 
has  long  been  attached  to  sensitive  missile  components 
shipped  from  General  Dynamics/ Electronics.  About  5000 
of  the  units  have  been  delivered  to  the  Navy,  which  uses 
them  to  check  on  unreported  rough  handling  in  the  shipment 
of  crated  parts.  Various  models  now  commercially  available 
have  shock  ratings  from  5  to  50  g's.  Also  being  marketed  are 
electric  contact  models  which  permit  checking  without 
opening  the  crate. 

Ultra-Pure  Cadmium  Selenide  Prepared 
IBM  researchers  have  developed  a  convenient  laboratory 

method  for  preparing  ultra-pure  cadmium  selenide  and  re- 
lated compounds.  The  process  permits  a  low-temperature 

synthesis  of  CdSe  directly  from  the  elements.  Very  fine  pow- 
ders of  Cd  and  Se  are  heated  slowly  to  a  temperature  of 

450°  C  in  a  high  vacuum.  The  heating  rate  must  not  be 
greater  than  0.5°C  minute,  and  the  particles  must  be  smaller 
than  a  certain  critical  size  (the  latter  discovery  is  the  key  to 
the  method).  Under  these  conditions,  the  elements  react 
completely  to  form  the  photoconducting  compound. 

New  Concept  in  Cutting  Tools 

Cutting  tools  with  permanent  bodies  and  removable 
carbide  inserts  with  two  to  four  cuttings  edges  have  reached 
the  marketing  stage  at  Wesson  Corp.  The  firm  developed 
the  inserts  in  response  to  complaints  from  the  missile  indus- 

try about  the  cost  of  carbide  end  mills.  Since  only  the 
indexable,  low-cost  inserts  have  to  be  replaced,  the  tool 
cost  per  cutting  edge  is  considerably  reduced. 

ASTRONAUTICS 

Space  Radiation  Hazard  Minimized 

Interplanetary  travelers  are  being  assured  that  solar 
flares  will  be  practically  no  problem.  Dr.  John  A.  Simpson, 
of  the  University  of  Chicago's  Enrico  Fermi  Institute  for 
Nuclear  Studies,  points  out  that  the  only  uncontrolled  hazard 
to  man  in  interplanetary  space  is  the  proton  beam  from 
solar  flare  explosions.  "However,"  he  says,  "probably  not 
more  than  one  event  in  a  year,  at  most,  is  sufficiently  intense 

to  destroy  by  radiation  man's  usefulness  in  space."  He  indi- 
cated that  this  assessment  was  based  on  the  use  of  space- 

craft without  radiation  shielding. 

PROPULSION 

Sprayed  Electrons  Suggested  for  MHD 

A  new  way  to  get  ions  for  large-scale  generation  of 
electric  power  by  magnetohydrodynamics  (MHD)  is  to 
spray  electrons  from  a  series  of  electron  guns  into  the  hot- 
gas  stream.  The  usual  method  is  to  heat  the  gas  sufficiently 
to  strip  electrons  from  the  gas  atoms,  thereby  changing 
them  into  ions.  Four  Westinghouse  engineers  devised  the 
new  method,  which  is  said  to  include  benefits  such  as  low- 

ering the  MHD  operating  temperatures  almost  one-third, 
dispensing  with  all  heavy  rotating  machinery  in  an  MHD 
system,  and  eliminating  the  need  for  seeding  the  gas  with 
an  alkali  metal  such  as  cesium  or  potassium. 
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In-line  Spectrometer Boresight  Motion 
Picture  Camera 

Electronic  Unit  (for 
Spectrometer  S.  Tracke 

Auxiliary  Tracker 

LEFT:  Typical  construction  of  in-line  spec- 
trometer shows  compactness  of  instrument,  and 

advantage  of  having  entire  optical  system  aimed 
along  line  of  sight.  Shelf-mounted  auxiliary 
tracker  is  used  for  locking  instrument  on  a 
fast-moving  target.  Boresight  camera  records 
field  of  view  presented  to  spectrometer  and 
tracker.  Two  units  weigh  total  of  about  135  lbs. 

RIGHT:  Installed  aboard  the  "American  Mari- 
ner" for  Project  DAMP  re-entry  investigations, 

this  Barnes  in-line  spectrometer  (at  extreme 
outboard  position)  utilizes  12  infrared  detectors 
for  simultaneously  recording  radiation  in  12 
narrow  spectral  bands.  Other  instruments  shown 
include  a  four-channel  photometer  and  a  bore- 
siglit  camera  (inboard  side,  being  loaded) 

optics 

System  Exploits  Converging  Light 

AN  UNUSUAL  lens  configuration 
has  made  possible  the  development  of 
an  in-line  spectrometer  that  permits 
effective  use  of  non-collimated  light 
with  reflection  gratings. 

Lightweight  and  occupying  1  is  the 
space  required  by  more  conventional 
systems,  the  spectrometers  provide  sin- 

gle-plane focus  and  can  be  provided 
with  as  many  as  50  detectors  for  study- 

ing high-velocity  radiating  objects. 
With  relatively  simple  modification 

of  optics,  the  instruments  can  be  used 
for  spectral  analysis  of  frequencies  from 
the  ultraviolet  to  the  far  infrared. 

A  generally  accepted  dictum  in  the 
optical  field  has  been  that  only  colli- 
mated  (parallel)  light  can  be  used  effec- 

tively with  reflection  gratings  in  spec- 
trometers. However,  Dr.  R.  Bowling 

Barnes  and  P.  Wardham  Collyer,  both 
of  Barnes  Engineering  Company,  have 
shown  through  a  new  spectrometer  that 
converging  light  can  be  used  with  a 
reflection  grating. 

The  system  was  patented  last  sum- 
mer (U.S.  Pat.  No.  3,003,026),  and  a 

variety  of  spectrometers  have  been  built 
using  the  new  approach. 

The  major  advantage  of  using  con- 

verging light  in  spectrometers  is  the  fact 
that  it  permits  construction  of  an  "in-l 
line"  instrument.  Light  rays  received  at 
one  end  travel  straight  through  the 
spectrometer,  are  filtered  into  narrow 
wave  bands  and  dispersed  into  a  useful 
spectrum,  and  may  then  be  photograph- 

ically or  electronically  recorded  at  the 

opposite  end. The  company  believes  that  because 
the  optical  elements  are  mounted  all  in 
a  line,  and  need  not  be  shifted  off-axis, 
a  much  more  compact,  noticeably 
lighter  instrument  can  be  constructed — 
an  obvious  advantage  for  missile  ap- 

plications. A  typical  in-line  instrument 
measures  about  6  in.  in  diameter  by  24 
in.  long.  This  compares  favorably  with 
the  2000  cu.  in.  of  space  required  by 
conventional  apparatus  of  this  type. 

•  Tracking  simplified — In  addition 
to  reducing  weight  and  size  of  the  spec- 

trometer, the  new  approach  presented 
by  Barnes  and  Collyer  appears  to  offer 
greater  design  flexibility.  All  optical  ele- 

ments are  mounted  in  a  tubular  housing, 
so  that  they  may  be  built  easily  as 
modular  subassemblies  for  final  assem- 

bly in  the  field.  In  case  of  damage,  re- 
placement of  an  entire  module  will 

quickly  return  the  instrument  to  active 
service. 

The  in-line  instrument,  the  devel- 
opers say,  offers  another  important  ad- 
vance over  those  built  along  conven- 
tional lines:  it  is  inherently  easier  to 

aim  and  lock  on  target.  This  can  be 
particularly  critical  when  the  spectrom- 

eter is  used  for  missile  re-entry  studies — 
or  for  any  other  problems  of  a  similar 

CASSEGRAIN 
COLLECTING  SYSTEM 

PRISM 

PERFORATED 
REFLECTION  GRATING 

SPECTROMETER 
MIRROR 

OPTICAL  DIAGRAM  of  in-line  spectrometer.  Note  the  effect  of  the  correcting  prism 
in  bringing  all  rays  of  a  given  wavelength  to  a  common  focus  at  the  detector  or  image 
point.  Each  detector  shown  off  the  optical  axis  also  receives  all  rays  of  another  nearby 
wavelength.  (When  the  prism  is  not  employed,  a  great  confusion  of  rays  occurs  after 
diffraction  from  the  grating. ) 
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fast-moving  nature. 
With  conventional  spectrometer  con- 

struction, converging  rays  of  light,  im- 
pinging on  a  reflection  grating,  would 

not  be  brought  to  a  focus  because  of 
the  difference  in  optical  path  length  for 
different  rays.  The  new  technique  de- 

scribed by  Barnes  and  Collyer  solves 
the  problem. 

The  in-line  spectrometer  uses  a  cor- 
recting prism,  interposed  ahead  of  the 

reflection  grating.  The  prism  is  designed 
so  that  its  differential  refracting  effect 
on  rays  of  various  inclination  exactly 
compensates  for  the  difference  in  light 
path  length.  Thus,  all  rays  contributing 
to  the  resulting  spectrum  lines  will  focus 
in  one  plane. 

•  Versatility  —  The  spectral  output 
of  the  instrument  is  used  in  several 
ways,  depending  on  the  design  of  the 
instrument.  In  some  cases,  the  complete 
spectral  analysis  is  recorded  on  film.  In 
others,  a  single  detector  is  used  for 
sequential  determination  of  the  various 
wavelengths. 

Finally,  a  third  type  of  instrument 
uses  a  series  of  detectors — as  many  as 
50  elements — for  simultaneous  conver- 

sion of  the  optical  signals  into  electrical 
outputs.  These  may  be  telemetered  to 
ground  stations  for  observation,  or  taped 
on  multi-channel  recorders  for  subse- 

quent study. 
The  in-line  spectrometer,  according 

to  the  designers,  may  be  built  as  a  very 
"fast"  instrument  having  an  aperture 
ratio  of  f/2  converging  on  the  grating. 
They  believe  that  use  of  appropriate 
detectors  and  grating/ prism  combina- 

tions will  make  the  instrument  suitable 
for  analyses  over  a  wide  range. 

Barnes  Engineering  so  far  has  built 
three  types  of  in-line  spectrometers. 
One  uses  a  single  detector,  for  any 
given  set-up,  together  with  a  rocking 
grating/ prism  combination.  A  second 
model  is  equipped  with  high-speed  pho- 

tographic film,  for  recording  an  entire 
sequence  of  events.  8 

optics 

Ruby  Laser  Transmitter 

May  Be  Key  to  Rendezvous 

AN  OPTICAL  RADAR  unit  which 
uses  a  ruby  laser  transmitter  may  help 
bridge  the  critical  gap  between  a  manned 
spacecraft  and  target  vehicle  as  they 
approach  a  rendezvous  docking  point 
(M/R,  Jan.  8,  p.  14). 

Built  at  the  Martin  Co.'s  Orlando 
Aerospace  Division,  the  unit  is  pack- 

aged in  a  suitcase  occupying  a  volume 
of  1.6  cu.  ft.,  and  weighs  approximatelv 
60  lbs. 

As  the  laser  pulse  is  transmitted,  a 
sample  is  picked  off  by  a  photomulti- 
plier,  amplified  and  used  to  open  a 
gating  circuit,  which  has  an  input  from 
a  9.835  mc  clock  circuit.  The  return 
signal  is  picked  up  by  a  second  photo- 
multiplier,  amplified  and  used  to  close 
the  gating  circuit.  The  number  of  cycles 
the  oscillator  completes  between  the 
transmitted  pulse,  when  the  gate  is 
opened,  and  the  received  pulse,  when 
the  gate  closes,  is  counted  by  a  10  mc 
counter  and  then  displayed  in  a  digital 
form  on  an  in-line  readout. 

•  Laser  transmitter  —  The  laser 
transmitter  consists  of  a  yA  in.  by  2  in. 
silvered  ruby  with  one  end  partially 
transmitting  in  a  silver-plated  elliptical 
reflector.  The  ruby  is  powered  by  an 
EG&G  FX-38  flashtube,  which  in  turn 
is  powered  by  a  525-uf  capacitor  bank 
that  may  be  charged  as  high  as  900 
volts.  The  power  pack  can  supply  212 
joules  electrical  input  to  the  flashtube. 
Laser  output  is  collimated  by  a  two- 
element  lens  system — the  eyepiece  has 
a  focal  length  of  0.87  cm.  the  objective 
lens  a  focal  length  of  8.69  cm. 

This  system  is  theoretically  capable 
of  giving  a  beam  width  of  less  than  one 
milliradian,  with  a  lens  separation  of 
9.58  cma  and  a  ruby  beam  width  of  5 
milliradians.  Beam  widths  observed  so 
far  give  a  divergence  of  1.5  to  2.0  milli- 

radians, which  is  in  agreement  with  cal- 
culated values.  Improved  collimation 

can  be  obtained  by  using  a  longer  focal 
length  objective. 

•  Receiver — The  receiving  lens  has 
a  12-cm  diameter  with  a  focal  length 
of  34  cm.  To  reduce  the  effects  of 
background  light  while  still  passing  the 
laser  return  signal  with  minimum  at- 

tenuation, a  10-angstrom  filter  is  placed 
between  the  receiving  lens  and  photo- 
multiplier  tube.  A  fixed-field  stop  is  used 
to  yield  a  1  milliradian  field  of  view. 

A  Type  7265  photomultiplier  was 
chosen  for  the  receiver  because  of  its 

very  high  gain  and  maximum  spectral 
response.  A  1P22  photomultiplier  is 
used  to  detect  the  initial  pulse  from  the 
transmitter,  with  a  100-Angstrom  filter 
placed  before  it  to  insure  that  only  laser 
light  would  open  the  gating  circuit. 

Solid-state  video  amplifiers  are  simi- 
lar, and  have  gains  in  excess  of  30  db 

and  bandwidths  greater  than  10  mc.  To 
prevent  low-level  noise  spikes  from  ac- 

tuating the  gate,  base  clippers  are  pro- 
vided. When  a  detectable  signal  is  pres- 

ent, the  amplifiers  provide  a  minimum 
of  4  volts  to  the  gate. 

The  gating  circuit  previously  men- 
tioned has  an  input  from  the  9.835  mc 

clock.  The  clock  circuit  consists  of  a 
solid-state  crystal-controlled  oscillator 
with  its  amplifier.  The  choice  of  clock 
frequency  stems  from  the  desire  to  use 
10-mc  counter  circuitry  and  count  in 
50-ft.  intervals.  The  time  lapse  for  a 
two-way  path  is  6.66  ns  per  meter  or 
for  a  50-ft.  path,  the  time  is  102  ns, 
representing  a  frequency  of  9.835  mc. 

Within  the  counter,  using  50-ft.  in- 
tervals, the  first  digit  is  always  zero  and 

the  second  either  zero  or  five.  Conven- 
tional counting  methods  are  employed 

to  yield  the  necessary  number  of  digits 
to  describe  the  given  range. 

Thirty  Yardney  YS-2  Silcad  cells 
supply  enough  power  for  approximately 
one  hour  of  continuous  operation.  Con- 

trol circuitry  holds  the  range  reading 
for  30  seconds,  then  automatically  re- 

sets for  another  range  measurement. 
A  breadboard  model  of  the  optical 

radar  ranging  set  has  been  checked  out 
and  returns  have  been  obtained  to  3.5 
miles  with  a  10-db  signal-to-noise  ratio. 
Calculations  indicate  that  with  a  laser 
output  of  750  watts  (in  the  atmosphere) 
ranges  of  six  miles  should  be  easily 
obtainable  on  a  clear  day.  In  a  space 
application  much  greater  ranges  are 

possible. With  the  use  of  a  higher  frequency 
counter  and  with  more  efficient  lasers, 
accuracy  and  reliability  can  be  greatly 
enhanced.  Concentrated  effort  on  mini- 

aturization should  reduce  the  unit 
weight  by  half  (to  about  30  lbs.),  with 
a  noticeable  reduction  in  volume. 

Martin  engineers  R.  E.  Johnson, 
J.  E.  Ticen  and  A.  P.  Sheppard  say 
the  unit  was  built  to  demonstrate  the 
feasibility  of  a  completely  portable  rang- 

ing unit  which  would  offer  accuracy  and 
permit  simple  operation.  « 
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space  power 

Fuel  Cells  Lead  Apollo-Gemini  Field 

P&W  seen  likely  to  win  $15- 

million  Apollo  award,  GE  to 

get  $8  million  for  Gemini — 

Cryhocycle  a  contender  for 

possible  backup 

by  William  Belter 

THE  NATIONAL  Aeronautics  and 
Space  Administration  has  earmarked  a 
total  of  about  $23  million  for  develop- 

ing space-power  systems  for  Gemini 
and  Apollo. 

Most  of  this  money  probably  will  go 
to  Pratt  &  Whitney  Aircraft,  a  division 
of  United  Aircraft  Corp.,  which  is  ne- 

gotiating a  fuel-cell  contract  for  about 
$15  million  with  the  Apollo  prime  con- 

tractor, North  American  Aviation,  Inc. 
The  remaining  $8  million  probably  will 
go  to  General  Electric,  which  is  working 
out  a  fuel-cell  contract  with  the  Gemini 
prime  contractor,  McDonnell  Aircraft Corp. 

•  Other  systems  studied — No  back- 
up space-power  system  is  contemplated 

"at  the  present  time"  for  either  of  the 
spacecraft  projects,  a  high  NASA  offi- cial told  Missiles  and  Rockets.  He 

labeled  "incorrect"  the  widely  published 
story  that  TAPCO  Div.  of  Thompson 
Ramo  Wooldridge  had  been  awarded  a 
competitive  contract — along  with  Pratt 

&  Whitney — for  developing  the  Apollo 
fuel  cell. 

The  official  hastened  to  add  that  the 
situation  could  change — if  the  contrac- 

tors lag  in  their  development  of  fuel 
cells,  or  if  a  more  conservative  approach 
is  adopted,  requiring  the  back-ups. 

For  this  reason,  a  small  internal 
study  of  back-ups  is  being  pursued  at 
the  space  agency.  Scheduled  to  be  fin- ished in  two  or  three  months,  the  study 
is  to  prescribe  which  back-ups  to  use  if 
any  are  needed. 

NASA  freely  admits  that  fuel  cells 
and  solar  cells  are  the  likeliest  con- 

tenders for  back-up  systems.  Neverthe- 
less, the  agency  spokesman  said  that  all 

possible  systems  are  being  studied  with- 
out prejudice.  These  include  thermionic, 

thermoelectric  and  cryogenic  systems. 
The  Cryhocycle — a  cryogenic  con- 

cept developed  by  Sundstrand  Aviation 
Div.  of  Sundstrand  Corp. — was  a  late 
starter  in  the  Apollo  program,  being  in- 

troduced only  after  proposal  requests 
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CRYHOCYCLE — proposed  for  space-power  system  ami  thermal  control  suitable  to  an  Apollo-style  mission. 
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for  Apollo  went  out  specifying  that  fuel 
cells  be  used  for  space  power. 

The  first  public  demonstration  of 
Cryhocycle  hardware  with  a  reciprocat- 

ing prime-mover  was  carried  out  suc- 
cessfully at  Sundstrand  last  week,  com- 

pany officials  anticipating  that  their 
cryogenic  concept  would  be  ideal  for 
Apollo-type  missions. 

•  Fuel-cell  back-ups — The  merit  of 
the  possible  use  of  fuel  cells  to  back  up 
fuel  cells  was  defended  on  the  basis 
that  there  are  fundamental  differences 
in  the  operation  of  the  four  fuel-cell 
systems  offered  to  NASA  for  Apollo 
and  Gemini.  Pratt  &  Whitney  proposed 
a  Bacon  cycle;  General  Electric,  a  sin- 

gle-membrane ion  exchange;  the  team 
of  TAPCO  and  Ionics,  Inc.,  a  dual- 
membrane  ion  exchange;  and  the  team 
of  Allis-Chalmers  Manufacturing  Co. 
and  Minneapolis-Honeywell,  an  asbes- 

tos-membrane ion  exchange. 
It  was  further  pointed  out  that  there 

are  also  differences  in  the  sub-compo- 
nents— some  fuel-cell  systems  using 

centrifugal  methods  for  water  separa- 
tion, and  others  using  osmotic. 

•  Candidates  for  Apollo  power — 
The  Apollo  mission  prescribes  a  peak- 
power  output  slightly  less  than  three 
kilowatts,  an  average  power  output  of 
two  kilowatts,  and  availability  of  this 
power  for  336  hours  (14  days). 

Batteries  were  discarded  because  of 
their  heavy  weight  and  excessive  volume 
compared  with  other  power-generation 
means.  However,  batteries  are  to  be 
carried  in  the  Apollo  command  module 

TEMPERATURE-ENTROPY  diagram  for  Cryhocycle  shown. 

to  furnish  power  during  the  spacecraft's 
re-entry  phase.  The  fuel  cells  are  to  be 
left  with  the  service  module,  which  is 
to  be  detached  prior  to  re-entry. 

Solar  cells  were  also  considered  and 
rejected:  solar  panels  would  be  difficult 
to  structurally  integrate  into  a  space- 

craft; they  would  be  difficult  to  deploy 
and  orient;  they  would  require  either 
batteries  or  fuel  cells  for  use  when  the 
spacecraft  is  on  the  dark  side  of  the 
Earth  or  moon. 

The  thermionic  systems  offered 
promise,  but  unfortunately  the  state- 
of-the-art  was  not  expected  to  be  suffi- 

ciently advanced  for  either  the  Gemini 
or  Apollo  missions.  Two  major  difficul- 

ties were  seen:  no  adequate  solution  to 
the  problem  of  space-charge  neutraliza- 

tion; and  the  high-operating  tempera- 
tures required  for  the  thermionic  diode, 

resulting  in  serious  materials  problems 
for  the  electrodes  and  for  the  gas- 
enclosing  envelope. 

Similarly,  thermoelectric  systems  lag 
in  development  with  respect  to  Gemini 
and  Apollo.  There  is  also  a  materials 
problem  here:  finding  materials  for 
thermocouples  which  have  high  elec- 

trical conductivity  and,  at  the  same 
time,  low  thermal  conductivity — seem- 

ingly contradictory  requirements.  More- 
over, if  two  kilowatts  are  to  be  drawn 

from  a  thermoelectric  device,  efficiencies 
must  be  obtained  much  higher  than  the 
5-10%  demonstrable  now  in  practical 
devices. 

•  Cryogenics    a    possibility  —  The 
Cryhocycle  has  the  advantages  of  high 

reliability,  being 
well  within  the 
state-of-the-art, 

and  probably  hav- 
ing lower  weight 

for  the  Apollo 
lunar  mission  than 
fuel  cells.  The 
disadvantage  is 
that  the  Cryhocy- 

cle would  need 
about  three  times 
the  volume  of  a 
nominal  two-kilo- 

watt fuel-cell  sys- 
tem. 

In  the  Cryho- 
cycle, energy  is 

extracted  from 
waste  heat  and 
converted  into 
useful  power.  This 
assumes  a  low- 
temperature,  high- 

ly efficient  system 
which  can  also  be 

used  as  part  of — 
perhaps  even  the 
entire  —  thermal- 
control  system. 

The  tempera- 

ture-entropy diagram  shows  the  system 
operating  as  an  open  Rankine  cycle. 
For  the  Apollo  mission,  the  Cryhocycle 
is  described  as  meeting  the  electrical 
performance  specifications  with  an  av- 

erage specific-propellant-consumption  of 
0.925  lb/kw-hr,  a  total  system  weight 
of  1187  pounds,  and  a  total  volume  of 
142  cubic  feet. 

In  this  cryogenic  system  recom- 
mended for  Apollo,  a  slush  of  hydro- 

gen at  12  psia  and  —  425  °F  is  stored  in 
a  tank.  A  liquid-vapor  separator  re- 

leases the  liquid  phase  to  a  pump  which, 
in  turn,  sends  the  liquid  through  a  re- 

generator. Here  some  of  the  energy  in 
the  hydrogen  exhaust  is  picked  up. 
turning  the  hydrogen  working  fluid  into 
a  vapor. 

The  vapor  then  passes  through  suc- 
cessive heat  exchangers,  with  interstage 

expansions  in  a  reciprocator.  In  an 
earlier  concept,  the  prime  mover  was  a 
turbine. 

In  the  glycol  circuit,  heat  is  carried 
from  the  cabin  and  machinery  and  is 
given  up  to  the  hydrogen  in  the  heat 
exchangers.  Sundstrand  engineers  say 
that  suitably  regulated  the  system  can 
give  the  Apollo  spacecraft  a  complete 
thermal-control  system  as  well  as  full 
electrical  output. 

Here  are  other  advantages  listed  by 
the  engineers: 

—The  small  weight  advantage  the 
Cryhocycle  has  over  fuel  cells  for  the 
two-kilowatt  power  level  is  substantially 
increased  as  the  power  level  is  increased. 

—There  is  no  need  for  radiators; 
therefore,  there  is  precise  temperature 
control  without  concern  for  microme- 
teoroid  protection  or  damage. 

—The  Cryhocycle  provides  vehicle 
cooling  without  regard  to  the  ambient 
environment;  hence,  the  system  can  be 
used  for  all  lunar  operations. 

—The  system  operates  at  relatively 

low  temperatures,  120°F  to  140°F, which  substantially  contributes  to  high 
reliability — presently  calculated  to  be 
0.9972. 

—The  Cryhocycle  system  can  be 
converted  into  reliably  working  hard- 

ware in  eight  months. 
Sundstrand  engineers  also  feel  that 

if  the  Apollo  service  module  had  been 
designed  to  accept  the  Cryhocycle,  the 
cabin's  exterior  dimensions  would  have 
changed  very  little  from  what  they  will 
be  with  the  fuel-cell  system  installed. 

Despite  the  Cryhocycle's  seeming merit  for  the  Apollo  spacecraft,  the 
space  agency  hesitates  to  veer  from 
using  fuel  cells,  principally  because  they 
are  showing  so  much  promise.  "People who  looked  at  them  a  year  ago  are 
amazed  at  the  amount  of  progress  made 
to  date,"  a  NASA  engineer  recently 

remarked.  " 
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"WE  WILL 

BUILD 

AROUND 

TOP-GRADE 

TECHNICAL 

TALENT" G.  UHL,  President, 
Fairchild  Stratos  Corporation 

Can  a  simple,  straightforward 
statement  capture  the  spirit  of 
a  complex  and  dynamic  situation? 
We  believe  it  can. 

Today,  the  revitalized  divisions 
comprising  Fairchild  Stratos  are 
not  static,  crusted  organizations. 
They  are  living,  growing,  achiev- 

ing forces  of  human  thought  and 
energy.  There  Is  a  new  and 
growing  boldness  and  vision,  a 
deep  personal  involvement,  and 
a  basic  sense  of  "becoming". Across  many  disciplines,  through 
each  location,  in  a  sound  diver- 

sity of  important  programs,  there 
are  these  common  hallmarks: 
"  True  technical  excellence  which 
comes  from  talented  individuals 
and  small  elite  groups  rather 
than  massive  mediocrity. 

•  Involvement  of  technically  in- 
sightful management  at  primary 

points  of  decision,  day  to  day. 
•Recognition  and  reward  of  top individual  contributors  who  are 
challenged  and  stimulated  to 
truly  professional  creativity. 

•Aggressive  program  direction, evaluation  and  control. 

advanced  fabrication 

/ 
This  is  Fairchild  Stratos.  A  grow- 

ing and  dynamic  complex  of 
talented  individuals.  Fully  inte- 

grated, small-to-medium  sized 
divisions,  large  enough  for  major 
primes,  small  enough  for  state- of-the-art  subs.  The  result  is  a 
whole  that  is  greater  than  and 
different  from  the  sum  of  its  parts. 

#="/* 1  Ft  C H 1 LD 

HA  GERSTOWN.  M  D  . 

Divisions: 

Aircraft-Missiles 
Hagerstown,  Md. 

Aircraft  Service 
Saint  Augustine,  Fla. 

Electronic  Systems 
Wyandanch,  L.I.,  N.Y. 

Stratos 
Bay  Shore,  L.I.,  N.Y. 

Precision-Welding  B' 

CONTROLLED  precision-welding 
of  massive  structures  with  a  minimum 
of  tooling  and  adjustment  by  the  opera- 

tor is  easily  attained  through  a  Process 
Equipment  welding  unit  developed  by 
the  Special  Products  Dept.  of  Air  Re- duction Co. 

The  unit  may  be  instrumental  in 
fabrication  of  the  huge  Saturn  tanks. 
Both  North  American  Aviation  and 
Boeing  have  shown  interest,  and  there 
are  possible  applications  in  the  Titan  111 

program. The  welding  device  hugs  a  pre-laid 
track  on  the  structure  to  be  welded 
either  vertically  or  horizontally,  guided 
by  both  optical  and  electronic  instru- 

ments. The  optical  pick-up  operates 
electro-optically,  using  both  an  illumi- 

nating unit  and  an  optical  scanning  head 
to  detect  the  position  of  a  black-on- 
white  line  reference — a  line  laid  near 
the  seam  and  fully  correlated  to  it. 

Unbalance  in  alignment  of  reference 
line  and  scanner  results  in  unbalance  of 
light  fed  to  the  photo-cells  of  the  scan- 

ner. The  error  signal  is  fed  through  a 
cross-seam  positioning  servo  which  re- 

stores the  optical  head  and  the  attached 

weld  head  to  the  null  position. 
A  proximity  positioner  maintains 

separation  of  contact  tube  and  work- 
piece  at  the  selected  distance.  Signals 

from  this  unit  actuate  the  positioner's servo  mechanism,  which  operates  in  a 
closed  loop  to  maintain  the  desired  arc 
length. 

Signals  from  the  optical  pickup  ac- 
tuate the  servo  mechanism  of  the  cross- 

seam  servo  positioner.  The  positioner 
holds  the  welding  barrel  in  precise  align- 

ment with  the  edges  of  the  workpiece. 
This  positioner  is  attached  directly  to 
the  skate  and  can  handle  reference  sig- 

nals from  other  seam  tracking  systems 
if  the  application  warrants. 

Airco's  weld  skate  runs  on  an  alum- 
inum track — furnished  with  drilled  holes 

and  suction  cups.  The  track  can  be 
either  bolted  to  the  workpiece  or  held 
in  place  with  the  suction  cup  system.  It 
comes  in  10-ft.  lengths,  straight  or 
curved  to  specifications. 

•  Fixed  control — The  main  control 
station  consists  of  four  demountable 
assemblies.  Each  unit  contains  the  ad- 

justing potentiometers,  selector  switches 
and  control  buttons  for  the  particular 

LEFT:  The  operator's  tram  is  a  standard 
unit  housing  all  components  and  a  gas 
supply.    It  is  synchronized  to  travel  with 

the  moving  weld  skate.  RIGHT:  The  weld 
skate  travels  along  an  aluminum  track 
fastened  to  the  workpiece.    Tlie  welding 
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structures 

welding  function  regulated. 
Initial  settings  establish  the  param- 

eter levels  and  then  require  no  further 
attention  or  change — the  desired  control 
is  maintained  through  the  entire  weld- 

ing operation. 
A  small,  separate  panel  with  switch 

is  provided  for  start-stop  functions.  An- 
other selector  switch  activates  either 

metal  arc  or  tungsten  arc  components, 
depending  on  the  process. 

The  main  control  station  is  furnished 
as  either  a  console  mounting  on  the 
stationary  main  control  cabinet,  a  re- 

mote pendant  station,  or  a  unit  in  a 
mobile  operator's  tram.  This  last  also 
transports  a  main  control  cabinet,  gas 
supply  and  operator. 

The  mobile  carriage  is  synchronized 
to  travel  with  the  moving  weld  skate. 

The  process  brings  X-ray-quality 
welding  to  large  structures  without  ex- 

pensive and  time-consuming  fixturing, 
says  Airco.  The  package  is  available  in 

two  designs,  the  operator's  tram  ver- 
sion and  a  vertical  lift  type.  Many  com- 

ponents are  interchangeable,  and  all 
control  elements  are  packaged  and  de- 
mountable. 

head  is  at  extreme  left,  with  the  proximity 
positioner  behind.  The  optical  tracking 
system  with  illuminator  is  on  the  right. 

MISSILE-SPACE 

ENGINEERS  and  SCIENTISTS 

The  Aircraft-Missiles  Division  needs  excep- 
tional talent  to  spearhead  accelerated  growth  into  selected, 

key  aerospace  areas  such  as  satellite  and  reentry  systems, 
reconnaissance-surveillance  systems,  communications  and  power 
for  space  applications,  and  advanced  missile  systems.  Basic  pre- 

requisites include  appropriate  degree,  plus  a  minimum  of  three 
to  four  years'  applicable  experience. 

ADVANCED  SYSTEMS  ENGINEERING 

Requires  increasingly  more  responsible  experience  in  depth  in 
space,  reentry  vehicle  and  satellite  programs  in  control  systems, 
guidance  systems,  sensor  systems,  communications  systems, 
propulsion  systems,  data  systems,  computers  (airborne),  vehicle 
systems  (reentry  and  space),  recovery  systems,  command  sys- 

tems, biological  and  chemical  systems. 

SYSTEMS  ENGINEERING 

Must  have  had  increasingly  responsible  experience  in  depth  the 
last  several  years  of  which  must  have  been  in  systems  engineering 
in  one  or  more  of  the  following  areas — control  systems,  guidance 
systems,  sensor  systems,  communications  systems,  propulsion 
systems,  data  systems,  computers  (airborne),  vehicle  systems 
(reentry  and  space ),  recovery  systems,  command  systems,  opera- 

tions research  activities,  applied  mathematics. 

ELECTRONICS   ENGINEERING  ~ Requires  progressively  more  responsible  experience  in  depth 
preferably  as  related  to  ballistic  missiles,  space  and  reentry 
vehicles,  satellites  and  associated  systems  in  such  areas  as  data 
systems,  radar,  telemetry,  tracking  equipment,  sensor  equip- 

ment, guidance  (command  and  inertial),  control,  computers, 
ground  support  equipment. 

ENGINEERING  TECHNOLOGIES 

Must  have  had  increasingly  more  responsible  experience  demon- 
strating ability  to  handle  problems  in  one  or  more  of  the  following 

areas — heat  transfer-fluid  flow,  orbital  mechanics,  trajectory 
analysis,  aerophysics,  magneto  hydrodynamics,  applied 
mechanics,  aerothermodynamics,  space  dynamics,  numerical 
analysis,  calculus  of  variations,  statistics  and  information  theory, 
materials  engineering — metals  and  non-metals. 

DESIGN  ENGINEERING 

Requires  progressively  more  responsible  and  complex  subsystem 
design  experience  and  demonstrated  excellence  of  capacity  in 
handling  such  assignments  in  one  or  more  of  the  following  areas 
— propulsion,  servomechanisms,  vehicle  structures,  space  power 
systems,  electrical  power  and  distribution,  recovery  systems, 
ground  support  equipment  and  environmental  control. 

For  prompt  information  regarding  these  openings,  inquire 
of  C.  A.  Webb,  Jr.,  Manager,  Professional  Relations 

I AIRCRAFT-MISSILES  DIVISION 
HAGERSTOWN       27  f  MD. 

An  equal  opportunity  employer 
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STRATOCRUISER  gets  12-ft.  roof-raising.  Thorough  "gutting"  will  still  cut  weight. 

space  support 

Aircraft 

Stretched' 

To  Haul  Big 

Boosters 

Transport  transformed  to 

serve  as  carrier  for  S-IV 

Saturn  stage  or  Apollo  cap- 

sule; larger  version  coming 

A  FEARSOME-LOOKING  version 
of  the  Boeing  Stratocruiser  is  being  de- 

veloped as  a  possible  transport  for  big 
space  boosters. 

The  outgrowth  of  a  little-publicized 
effort  by  Aero  Spacelines,  Inc.,  of  Van 
Nuys,  Calif.,  the  bulbous-topped  plane 
is  slated  for  flight-test  in  about  three 
weeks.  Even  more  startling  adaptations 
are  on  the  drawing  boards. 

Two  modifications  are  involved  in 
ASI's  conversion  of  the  ex-Pan  Ameri- 

can Boeing  377.  The  first,  which  has 
already  undergone  over  10  hours  of 
flight-test,  was  to  stretch  the  377  fuse- 

lage by  adding  a  200-in.  section  just 
aft  of  the  wing  trailing  edge.  The  sec- 

ond alteration,  now  under  final  assem- 
bly, is  a  large  bubble-like  structure  over 

the  existing  fuselage.  This  will  increase 
the  fuselage  inner  diameter  to  over  20 
ft.,  as  compared  to  an  original  diameter 
of  just  under  9  ft. 

The  aircraft  will  be  split  just  aft  of 
the  wing  in  a  "swing-tail"  configuration, 
but  will  have  a  bolt-together  joint 
rather  than  a  hinged  section.  Cargo  will 
be  loaded  at  this  point. 

In  the  present  configuration,  the  air- 
craft will  be  able  to  carry  F-l  engines, 

the  Saturn  S-IV  stage,  or  the  Apollo 
command  and  service  capsule.  Despite 
addition  of  the  high  structure,  aircraft 
weight  has  been  reduced  by  all-out 
"gutting."  This  helps  in  payload. 

Payload,  however,  is  less  of  a  prob- 
lem than  the  sheer  bulk  of  most  of  the 

large  booster  or  space  vehicle  sections. 
It  is  anticipated  that  such  loads  will  be 
transported  at  a  "shipping"  weight, 
rather  than  in  final  ready-for-assembly 
form.  Large  boosters  or  missiles  would 
be  shipped  with  internal  pressurization. 

•  Further  enlarging  —  The  current 

design  cannot  carry  the  S-Il  or  S-lVb 
stages.  But  a  plan  is  under  way  to 
elongate  the  fuselage  of  a  second  air- 

craft about  344  in.,  thus  in  effect  in- 
creasing the  overall  average  fuselage 

diameter.  Then  the  concept  could  carry 
the  larger  sections. 

After  flight  tests  of  the  first  "en- 
larged" prototype,  the  inner,  original 

fuselage  will  be  removed  and  the  remov- 
able tail  installed.  If  loads  warrant  it, 

two  small  turbo  jets  will  be  installed  for 
"assist"  power.  ASI  is  also  thinking  in 
terms  of  using  turboprop  power  in  the 
larger  version  to  achieve  desired  per- 

formance with  still  higher  payloads. 
Turboprop  installation  will  include  con- siderable additional  airframe  rework. 

If  a  sufficient  demand  develops,  the 

company  may  produce  a  planned  ultra- 
simple  outsize  cargo  carrier — much  of 
it  fabricated  from  existing  components. 

o  Tests  to  decide — ASI  president, 
John  M.  Conroy,  an  ex-AF  jet  and 
commercial  airline  pilot,  has  been  some- 

what surprised — considering  the  lack  of 
publicity — at  the  interest  that  has  been 
shown  in  the  project  by  both  govern- 

mental agencies  and  the  aerospace industry. 

But  he  holds  no  illusions  about  the 

project.  A  comprehensive  flight-test  pro- 
gram is  planned  for  this  year.  What  the 

company  will  do  from  there  on  out  will 
depend  completely  upon  the  test  results. 
ASI  has  11  more  Boeing  377's  that  can be  converted,  although  Conroy  believes 
two  such  conversions  will  meet  imme- 

diate requirements. 
ASI  is  an  Oklahoma  corporation. 

Board  chairman  is  Loyd  G.  Dorsett, 
president  and  chairman  of  Dorsett  Elec- 

tronics, Norman,  Okla.  Vice-president- 
operations  is  Kenneth  Healy.  8 
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First  shot  off  'til  June  .  .  . 

Telstar  Communications  Undergo  Tests 

Andover,  Maine — The  huge  $10- 
million  AT&T  satellite  communications 
center  here  is  now  being  put  through 
shakedown  runs  in  preparation  for  the 
first  experimental  Project  Telstar  launch- 

ing from  Cape  Canaveral  (M/R,  Feb. 
19,  p.  22). 

Originally  slated  for  April,  then  put 
off  until  late  May,  the  first  shot  of  the 
active-repeater  communications  satellite 
is  not  now  expected  to  go  before  June 
at  the  earliest. 

Reasons  for  the  delay  are  believed 
to  be  some  minor  electronic  and  me- 

chanical bugs  still  in  the  massive  340- 
ton  Andover  horn  antenna,  and  also 
tight  NASA  launch  schedules — includ- 

ing a  May  date  for  the  next  Mercury 
program  shoot. 

Final  pre-launch  preparations  at 
this  1000-acre  hilltop  site  are  centered 
around  active  tests  of  the  main  com- 

munications antenna.  The  ability  of  this 
antenna,  the  largest  of  its  kind  in  the 
world,  to  receive  and  amplify  a  return- 

ing satellite  signal  estimated  at  about 
one-trillionth  of  a  watt  holds  the  key  to 
AT&T  investment  in  workable  interna- 

tional telecommunications  via  satellite. 
For  the  current  tests,  satellite  com- 

munications gear  has  been  mounted 
atop  Bell  System  microwave  towers 
about  five  miles  away  from  the  antenna 
location,  and  transmissions  have  been 
successfully  completed  using  the  horn 
antenna.  Tests  have  also  been  made  of 

the  antenna's  tracking  capability,  both 
through  stellar  monitoring  experiments 
and  through  use  of  helicopters  carry- 

ing Telstar  communications  equipment 
aboard. 

•  New  headwear  —  The  horn  an- 
tenna and  associated  cab  and  drive 

equipment  are  also  due  to  get  a  new 
protective  radome  shortly.  The  tempo- 

rary inflated  covering,  161  ft.  high  and 
210  ft.  in  diameter,  will  be  replaced  by 
a  permanent  radome  made  of  dacron 
and  synthetic  rubber  about  ̂ ie-in.  thick. 
Signal  attenuation  by  the  protective 
cover  is  said  to  be  negligible. 

While  work  progresses  at  Andover, 
overseas  ground  sites  are  being  readied 
for  participation  in  international  voice, 
TV,  and  data  communications  experi- 

ments later  this  year. 
A  station  identical  to  the  AT&T  fa- 

cility is  nearing  completion  at  Pleumer- 
Bodou,  France.  The  site  is  expected  to 
be  in  operation  by  mid-summer.  At 
Goonhilly  Downs  in  England,  an  85-ft. 
parabolic  dish  is  also  being  readied  for 
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summer  operation  in  order  to  take  part 
in  the  tests.  In  Italy,  a  30-ft,  dish  and 
transmitting  facility  located  near  Milan 
will  be  ready  during  1963,  as  will  the 
85-ft.  antenna  now  under  way  near 
Munich,  Germany. 

In  addition  to  these  stations,  other 
international  sites  are  being  set  up  in 
South  America  to  take  part  in  the 
NASA  Project  Relay  satellite  com- 

munications experiment  which  is  slated 
to  be  put  aloft  late  this  summer. 

•  Co-op  testing — A  special  trans- 
mitter to  be  used  in  Relay — a  coopera- 

tive program  between  NASA  and  U.S., 
South  American  and  European  com- 

munications companies  for  testing  ex- 
perimental ComSats — has  already  been 

installed  at  Andover. 
NASA  will  also  cooperate  with 

AT&T  on  the  Telstar  experiments  by 
feeding  satellite  position  data  from  the 
string  of  Minitrack  stations  to  an  IBM 
1620  computer  in  the  Andover  control. 
These  data  will  assist  in  aiming  the  first 
of  three  tracking  devices  which  will  fol- 

low the  satellite  during  its  pass  through 
the  Andover  LOS  range. 

A  quad-helix  command  tracking 
telemetry  antenna  will  be  pre-pointed 
toward  that  spot  on  the  horizon  where 
the  satellite  is  first  expected  to  appear. 
This  device,  built  by  Radiation,  Inc.,  of 
Melbourne,  Fla.,  will  pick  up  the  satel- 

lite's 136-mc  beacon  and  telemetry  sig- nal and  transmit  commands  over  120 
mc  which  will  turn  on  the  broadband 
communications  equipment  and  also  the 

4080-mc  precision  tracking  beacon. 
Adjacent  to  the  command  tracker 

is  a  second  antenna — an  8-ft.  precision 
tracking  dish  reportedly  capable  of 
pointing  accuracies  to  1/100  of  a  de- 

gree. This  dish  will  provide  precise 
positioning  data  to  the  immense  receiv- 

ing horn  in  order  to  retrieve  as  much  of 
the  extremely  weak  microwave  signal 
as  possible.  A  vernier  autotrack  system 
is  employed  in  the  big  horn  to  correct 
any  pointing  error. 

•  2-kw  transmitter — The  communi- 
cations transmitter  installed  at  the  And- 

over site  is  a  modification  of  a  new 
Bell  System  broadband  type  designated 
"TO".  Power  output  of  the  25-mc  band- 

width transmitter  is  on  the  order  of  2  kw. 
At  the  heart  of  the  receiving  equip- 

ment are  two  elements.  A  liquid-helium- 
cooled — to  456  =  F — ruby  maser  ampli- 

fier, and  an  F-M  feedback  circuit  which 
acts  as  an  automatic  precision  tuner. 

In  order  to  transmit  the  information 
passed  via  the  satellite  and  major 
ground  installations,  the  Andover  sta- 

tion will  be  linked  to  telephone  and 
television  networks  by  a  conventional 
broadband  microwave  relay  system  in- 

stalled and  operated  by  AT&T. 
In  a  projection  of  things  to  come, 

AT&T  officials  envisioned  a  string  of 
20  to  30  ground  stations  as  sufficient  to 
provide  world-wide  coverage,  depend- 

ing upon  the  amount  of  cooperation 
among  the  participating  countries.  Each 
site  would  have  between  three  and  six 

major  antennas.  « 

GIANT  177 -ft. -long,  340-ton  horn  antenna  at  Andover,  Maine,  was  recently  completed 
and  is  now  being  given  thorough  tests  in  preparation  for  Telstar  launch. 
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Douglas  lashes  back  . 

Senate  Group  Cites  Nike  Pyramiding 

Investigators  report  big  prof- 
its went  to  Western  Electric, 

Douglas  on  Nike  launcher 

loaders,  trailers 

by  James  Trainor 

INDUSTRY  CONCERN  deepened 
last  week  as  a  Senate  subcommittee 

opened  hearings  on  "'profit  pyramiding." Donald  W.  Douglas,  Jr.,  president  of 
Douglas  Aircraft,  accused  investigators 
for  the  Senate  Permanent  Investigations 
Subcommittee  of  grossly  distorting  the 
facts  when  they  said  his  firm  made 
44.3%  profit  on  $103-million  worth  of 
components  for  the  Army's  Nike  system. 

He  said  the  company's  profits  as  ma- 
jor subcontractor  for  Zeus  were  com- 

pletely reasonable,  and  that  the  kind  of 
statistics  used  by  the  investigators  could 
be  applied  to  virtually  any  business. 

Douglas  spoke  out  after  Robert  E. 
Dunne,  a  Subcommittee  staff  investiga- 

tor, reported  that  "profit  pyramiding" may  have  cost  the  Army  $20.2  million 
for  Nike  launcher  loaders  alone. 

Dunne  said  the  Douglas  company 
and  Western  Electric,  prime  Nike  con- 

tractor, took  fees  of  over  $9  million 
each  on  work  done  by  a  third  contrac- 

tor, Consolidated  Western  Steel  Co. 
He  later  testified  that  Douglas  Air- 

craft had  made  44.3%  profit  out  of  the 
$103  million  in  Zeus  sales. 

Subcommittee  Chairman  John  Mc- 
Clellan  (D-Ark.)  said  he  was  not  ac- 

cusing anyone  of  wrong-doing,  or  say- 
ing that  the  profits  involved  were  un- 

reasonable. 
McClellan  did  say  that  the  crux  of 

the  matter  was  the  fact  that  Douglas 
was  set  up  as  middle  man  for  develop- 

ment and  procurement  of  support  equip- 
ment that  Western  Electric  might  have 

obtained  direct  from  the  supplier. 
Douglas  declared  it  was  unfair  to 

use  figures  based  only  on  procurement 
as  a  measure  of  profit  percentages. 

Taking  into  account  both  procure- 
ment and  R&D,  Douglas  said,  his  firm's sales  to  the  government  through  1961 

amounted  to  $939  million.  Profits  be- 
fore taxes  were  $29.8  million — a  rate 

of  less  than  3.2%,  he  noted. 
•  What  happened  on  Nike — Testi- 

fying as  an  expert  government  witness, 
Dunne  told  the  committee  that  the  total 
production  cost  of  the  Nike  launcher 

loaders — including  the  general  and  ad- 
ministrative costs — was  $146,223,000. 

For  this  work,  Consolidated  Western 
Steel  received  a  fee  of  $9,285,000,  or 
6.3%  of  costs,  from  Douglas. 

Douglas,  in  turn,  billed  Western 
Electric  for  the  work  and  added  a  6.7% 
fee  which  netted  the  company  $10,354.- 
659.  Western  Electric — the  prime  sys- 

tem contractor — then  billed  the  Army 
for  the  launchers,  collecting  a  5.7% 
fee  on  Western's  work  of  $9,840,475. 

Thus,  the  bill  presented  to  the  Arm\ 

totalled  $182,182,070— some  $26,674.'- 070  more  than  the  Consolidated  West- 
ern price  and  the  amount  paid  by  the 

government.  This  latter  figure  contained 
some  $6,478,936  charged  against  the 

contract  as  "general  and  administrative" expenses  by  Western  Electric. 
Dunne  pointed  out  that  the  profits 

taken  by  the  two  companies  over  the 
eight  years  covered  by  the  contracts 
were  more  than  the  profit  received  by 
the  producer,  Consolidated  Western. 

Milton  Karr,  Chief  Engineer  of 
Consolidated  Western,  testified  his  com- 

pany's fee  was  "fair  and  reasonable." Karr  said  that  he  was  not  qualified 
to  say  why  it  was  necessary  to  have 
three  sets  of  profits  on  the  launcher 
loaders.  But  he  added  that  as  far  as  he 

Average  Profits  Paid  to  Major  ICBM  Associate  Contractors  for  Work  Accomplished 
Over  Syst 

em  Life  * 
ATLAS General  Electric  (Phila.) 7.1 

7.0 

33 
Av.  Fee Pet.  of 

Western  Electric 6.8 

7.0 

37 

Con- 

Pd. to Work General  Electric  (Syracuse) 6.6 (1) (1) 
tract 

Subcon- Subcon- 
Space  Technology  Labs 9.3 

Contractor Fee tractors tracted Paul  Hardeman 
10.0 

10.0 50 
General  Dynamics/Astronautics 

5.5% 

5.5 27 
American  Bosch  Arma 6.3 6.5 33 MINUTEMAN 
General  Electric  (Phila.) 

7.5 
7.0 28 Av.  Fee 

Pet.  of Avco 
7.6 7.0 

32 Pd.  to Work 
North  American 

Subcon- Subcon- Aviafion/Rocketdyne 6.7 10.0 35 Contractor 
Fee 

tractors 
tracted 

Burroughs 7.0 
7.0 

28 

Boeing 6.1 

7.0 55 
General  Electric  (Syracuse) 7.1 

(1) (1) 
Thiokol 3.6 7.25 60 

Space  Technology  Labs 9.3 
Aerojet-General 5.3 7.0 60 
Hercules 6.4 7.0 40 

TITAN North  American  Aviation/ 
Autonetics 5.1 6.5 

50 

Martin 
5.9 

6.5 
45 Avco 

6.1 

(2) (2) American  Machine  &  Foundry 5.5 (2) 
(2) Space  Technology  Labs 9.2 

Aerojet-General 
6.0 (2) 

(2) *  Based  on  official  Air  Force  figui es. 
AC  Spark  Plug 4.9 7.0 35 tl)  Figures  a  composite  of  the rvorfc  done  by  both  GE  Phila.  and Avco 7.1 

7.0 

32 
GE  Syracuse. 

Remington  Rand 6.6 7.0 26 121  Not  available. 
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Information  Management 

Attacked  by  Humphrey 

knew  Western  Electric's  only  direct  par- 
ticipation in  the  work  was  to  provide 

consultants  and  inspectors. 
Dunne's  figures  were  challenged 

during  a  committee  recess  by  Walter  G. 
Herr,  contract  manager  for  Western 
Electric.  Although  the  committee  in- 

vestigator insisted  they  were  correct. 
Herr  said  the  numbers  were  not  ac- 

curate and,  if  Dunne  were  going  to  use 
them,  he  should  "get  them  right." 
Earlier,  Dunne  had  claimed  that  his  fig- 

ures came  from  "company  books"  and 
were  not  a  "question  of  issue." 

•  Trailer  profits  revealed — Turning 
to  the  profits  earned  on  missile  transport 
vans  and  electronic  vans  in  the  Nike 
system,  Dunne  told  the  committee  that 
Douglas  and  Western  Electric  earned 
$7  million  in  "pure  profits"  on  work performed  by  Fruehauf  Trailer  Co. 

Fruehauf,  Dunne  said,  built  an  un- 
disclosed number  of  trailers  for  $49.3 

million.  However,  he  said,  after  Douglas 
and  Western  Electric  had  added  their 
profits  and  administrative  costs  the 
Army,  paid  $63  million  for  the  vans. 
Profit  percentages  for  the  companies, 
he  said,  were:  Freuhauf — 9.2;  Douglas 
— 6.8  and  Western  Electric — 5.9. 

R.  E.  O'Dell,  an  industrial  engineer 
for  the  Army  Ordnance  Missile  Com- 

mand, testified  that  when  the  Army 
began  dealing  directly  with  Fruehauf 
for  the  trailers  it  was  able  to  cut  the  unit 
price  from  $12,000  to  $10,700. 

He  also  said  that  in  1958,  when  the 
trailer  procurement  was  opened  to  na- 

tionwide competition,  the  unit  price  of 
the  trailers  was  reduced  to  $5300. 

•  AF  reveals  fee  structure — In  tes- 
timony released  last  Thursday,  the  Air 

Force  revealed  the  fees  paid  to  its  major 
associate  contractors  and  the  average 
fees  which  they,  in  turn,  paid  their  sub- 

contractors (see  box). 
In  establishing  appropriate  fees,  AF 

officials  told  the  House  subcommittee 
on  DOD  Appropriations,  the  Ballistic 
Systems  Division  takes  into  account 
the  complexity  of  the  subsystem  or  item, 
the  management  to  be  exercised  (tech- 

nical or  other),  the  type  and  status  of 
existing  contracts  and  the  pricing  ex- 

perience with  the  subcontractor. 
Noting  that  profit  pyramiding  occurs 

in  normal  commercial  transactions  and 

is  "perfectly  normal"  in  business  trans- 
actions, Maj.  Gen.  W.  T.  Thurman,  Di- 

rector of  AF  Procurement  Management, 
said  that  it  is  "a  question  of  degree  as 
to  how  far  down  you  go  in  buying  com- 

ponents and  putting  them  together." 
•  DOD  studying  problem  —  Infor- 

mation supplied  to  the  House  Subcom- 
mittee revealed  that  the  Defense  Depart- 

ment has  launched  a  major  study  "re- 
examining the  entire  profit  and  fee  pol- 

icy, including  an  assessment  of  whether 
the  policy  guidance  is  sufficiently 
precise."  8 

HIDDEN  WASTE  within  the  De- 
partment of  Defense  may  be  costing 

taxpayers  between  $1  billion  and  $2 
billion  a  year  in  the  development  of 
weapons  systems  and,  in  terms  of  time, 
may  be  adding  one  year  to  the  five-year 
development  cycle  of  a  weapon  system. 

Responsible  for  these  conditions  is 
the  "unsatisfactory  management  of 
scientific  and  technical  information  by 
the  Department  of  Defense." 

These  charges  were  made  by  Sen. 
Hubert  H.  Humphrey  (D-Minn.),  chair- 

man of  the  subcommittee  on  Reorgani- 
zation and  International  Organizations 

of  the  Senate  Committee  on  Govern- 
ment Operations,  in  a  letter  to  the 

chairman  of  the  House  Subcommittee 
on  DOD  Appropriations,  George  H. 
Mahon  (D-Tex.). 

"No  matter  how  much  the  contrac- 
tors spend,  or  how  able  or  diligently 

they  go  about  the  task,"  the  Humphrey 
memorandum  continued,  "they  cannot 
possibly  find  all  the  Federal  report-type 
information  which  they  need  when  they 
need  it. 

"As  a  result,  contractor  scientists 
and  engineers  needlessly  repeat  work 
which  has  been  done  before,  or  which 
is  being  unknowingly  done  at  the  same 
time,  in  other  locations,  or  on  which 
there  might  have  been  a  short  cut  if 

ideas  had  been  properly  cross-fertilized." 
Noting  that  the  House  Appropria- 

tions Committee  had  urged  DOD  to 
give  this  matter  close  attention,  Hum- 

phrey characterized  subsequent  Defense 
efforts  as  "too  little,  too  late,  at  too  low 
a  policy  level,  with  too  little  follow- 
through  and  too  few  results — present  or 

prospective." o  Problem  studied  in  depth  —  For 
the  past  three  and  a  half  years,  the 
Humphrey  subcommittee  has  been  study- 

ing the  problem  of  the  documentation, 
coordination,  indexing  and  retrieval  of 
scientific  information  steming  from  gov- 

ernment-supported R&D  projects. 
The  results  of  these  studies  which 

included  the  comments  of  scientists  and 
engineers  both  within  government  and 
industry  have  been  published  in  a  series 
of  four  Senate  reports.  The  fifth  re- 

port— "The  Crisis  and  Opportunity  in 
Scientific  and  Technical  Information" — ■ 
is  now  in  preparation  and  is  the  basis 
for  Sen.  Humphrey's  memorandum. 

•  Solution:  upgrade  ASTIA? — As- 
serting that  the  efforts  of  tri-service 

information  coordination  will  remain 
severely  frustrated  unless  fundamental 
reforms  are  instituted.  Humphrey  ad- 

vocates an  expansion  of  the  overall  role 

of  the  Armed  Services  Technical  Intel- 
ligence Agency. 

A  19-point  program — designed  to 
remedy  the  inherent  limitations  in 
ASTIA  services  today — has  been  devel- 

oped by  the  Agency,  according  to  the 
subcommittee  chairman,  and,  with  the 
proper  support  of  higher  authorities, 
would  do  much  to  correct  existing deficiencies. 

At  present,  ASTIA  has  a  store  of 
650,000  documents  and  processes  some 
750,000  requests  a  year.  However,  since 
the  agency  receives  only  19%  of  the 
total  technical  reports  of  DOD  prime 
and  associated  contractors,  its  inventory 
of  reports  is  both  quickly  outdated  and 
almost  totally  incomplete. 

For  example,  until  recently,  the 
Polaris  program  has  generated  only 
323  reports  to  ASTIA  while  the  Min- 
uteman  project  has  contributed  only  1 28 documents. 

Another  limitation  of  ASTIA  serv- 
ice, at  present,  is  its  inadequate  staff. 

This  means  that  currently,  ASTIA  re- 
quires 18  working  days  to  process  a 

technical  request.  The  agency's  goal  is 
to  eventually  reduce  this  processing 
time  to  one  day  and,  on  an  emergency 
basis,  to  one  hour. 

•  DOD-Ievel  agency  needed  —  As- 
serting that  there  is  at  present  inade- 

quate organization,  interest  or  responsi- 
bility for  management  of  scientific  and 

technical  information  at  the  DOD  level, 
Senator  Humphrey  recommends  that  a 
small  information  unit  be  established  in 
the  Office  of  the  Director  of  Defense 
Research  and  Engineering. 

This  office,  the  senator  said,  would 
evaluate,  coordinate  and  monitor  the 
information  activities  of  the  services, 
advise  the  Secretary  of  Defense  on  the 
department's  future  information  role 
and  provide  liaison  with  other  govern- 

ment agencies  involved  in  Federal  in- 
formation activities. 

Decrying  any  intention  to  estab- 
lish another  bureaucratic  layer  at  DOD 

level,  Humphrey  asserts  that  depart- 
mental-level responsibility  for  manage- 

ment of  scientific  and  technical  infor- 
mation is  inescapable. 

Additional  recommendations  for 
solving  the  information  retrieval  prob- 

lem include:  a  specific  line  item  in  the 
RDT&E  budget  for  intramural  scientific 
and  technical  information  and,  as  part 
of  the  report  of  the  Committee  on  Ap- 

propriations, observations  and  requests 
for  reports  on  DOD's  future  manage- ment of  information.  8 
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SPECIAL  REPORT 

NASA  R&D  BUDGET 

Space  Power  Fund  Request  Up  Vz 

THE  NATIONAL  space  agency  is 
asking  Congress  for  slightly  more  than 
$20  million  for  the  next  fiscal  year  to 
fund  research  and  development  of  space 
power  systems — a  request  about  one- 
third  greater  than  the  amount  sought 
for  the  same  purpose  last  year. 

About  two-thirds  of  the  $20  million 
is  earmarked  for  advanced  technical 
development,  the  remainder  for  pro- 

grams in  advanced  research  (see  ac- 
companying table). 

•  Solar  cells  —  Solar-cell  research 
and  technology  is  listed  for  a  combined 
total  of  $2.8  million.  This  is  expected 
to  be  used,  in  part,  for  learning  more 
about  the  behavior  of  solar  cells  and 
for  devising  radiation-resistant  units.  In 
addition,  methods  will  be  sought  to  im- 

prove solar-cell  geometry  in  order  to 
raise  the  power  output  per  cell. 

•  Fuel  cells  —  Suggested  work  will 
lead  to  prototype  fuel-cell  systems 
which,  in  turn,  are  expected  to  aid  in 
solving  fuel-cell  hardware  and  reliability 
problems.  In  particular,  fuel-cell  tech- 

nologists will  seek  to  develop  special 
components  such  as  pumps,  controls 
and  water  separators. 

•  Thermionics  —  A  broad  program 
is  proposed — both  in-house  and  through 
contracts  with  industry  and  universities 
—with  the  goal  of  fuller  insight  into 
the  thermionics  process,  plus  a  solution 
to  the  tough  materials  and  fabrication 
problems  connected  with  the  efficiency 
and  life  of  thermionic  devices. 

•  Solar  concentrators  —  NASA  is 
calling  for  studies  aimed  at  producing 
mirrors  that  are  lightweight,  radiation- 
resistant  and  long-lived.  This  is  a  con- 

tinuation of  cur- 
rent studies  on  in- 

flatable, foamed- 
plastic  and  rigid 
honeycomb  struc- 

tures. Comple- 
menting this  work 

is  a  proposed  pro- 
gram to  develop 

prototype  mirrors, 
using  the  mate- 

rials and  fabrica- 
tion technology 

acquired  under 
the  research  pro- 

gram. •  Other  sys- 
tems —  In  mag- 

neto fluid  dynamic 
power  generation, 
research  in  Fiscal 
1963  is  expected 
to  stress  high- 
temperature  con- 

tainment mate- 
rials, plasma  phys- 

ics and  the  gen- 
eration of  high 

magnetic  fields. 
Proposed  bat- 
tery studies  would 

yield  a  better  un- 
derstanding of  the 

causes  of  self-dis- 
charge and  po- 

larization; experi- 
ments are  suggest- 

ed that  could  lead 
to  relatively  light  electrochemical  cells. 

Before  thermal-energy  storage  is 
used  in  an  experimental  system,  NASA 
wants  more  data  on  the  thermal  prop- 

NASA  Requested  Funding  for  Space 
Power  Technology 

(in  millions  of  dollars) 
ADVANCED  RESEARCH FY  1961 FY  1962 FY  1963 

Solar  Cell  Research 1.090 1.534 2.300 
Fuel  Cell  Research 0.250 0.665 0.900 
Thermionic  Conversion 0.700 0.970 1.200 
Solar  Concentrators 0.400 0.600 0.750 
Distribution  and  Control Technology 

0.253 0.300 0.384 
Magneto  fluid  dynamic 

power  generation 
n  Tnn n  a  cn n  cnn U.jUU 

Battery  Research 
0.100 0.400 

Thermal  Energy  Storage 0.400 0.266 0.500 
Thermal  Radiation  Properties 

0.545 
Sub-Total 3.938 4.885 

6.934 

ADVANCED  TECHNICAL 
DEVELOPMENT 

Solar  Cell  Technology 0.540 0.600 0.500 
Fuel  Cell  Technology 0.500 0.850 0.750 

Solar-Thermionic  Power 0.900 
1.000 

Solar  Concentrator  Development 
0.100 1.030 1.150 

Distribution  and  Control 

Equipment 
0.535 0.950 

1.688 

Thermoelectric  Power 
Conversion 0.225 0.390 0.600 

Battery  Improvement  Program 0.475 0.839 
1.300 

Dynamic  Power  Conversion 2.600 4.200 
6.250 

Sub-Total 
4.975 9.759 13.238 

TOTAL 8.913 14.644 20.172 

erties  of  possible  materials:  conductiv- 
ity, thermal  expansion,  heat  of  fusion, 

and  melting  and  freezing  heat-transfer 
characteristics.  8 

Propulsion  
(Continued  from  page  16) 

•  Nuclear  propulsion  —  NASA  is 
asking  for  nearly  $104  million  for  nu- 

clear propulsion,  almost  all  of  which 
would  help  support  the  Atomic  Energy 
Commission/ NASA  nuclear  rocket  de- 

velopment program. 
Initial  goal  is  a  series  of  flight  tests 

in  the  1966-67  period. 
NASA  reports  that  in  Fiscal  '63  the development  and  test  of  Kiwi  reactors 

will  have  reached  the  point  where  the 

full  nuclear-rocket-engine  (Nerva)  de- 
velopment program,  involving  procure- 

ment and  testing  of  engine  components, 
subsystems  and  complete  systems,  will 
be  expanded.  The  major  development 
effort  leading  to  the  flight-test-vehicle 
stage  initiated  will  also  be  expanded. 

NASA  disclosed  that  in  addition  to 
the  effort  aimed  at  the  1966-67  flight 
tests,  research,  development  and  test 
of  an  advanced  reactor  design  will  be 
included  in  the  AEC/NASA  program. 

Requested  Fiscal  '63  funding  for 
advanced  research  in  nuclear  propul- 

sion in  millions  of  dollars,  is: 
Hydrogen  properties,  $0.8;  radiation 

effects,  $1.9;  dynamics  and  control,  $1.3; 
engine  systems  and  components,  $2.5; 
advanced  concepts,  $1.6. 

For  advanced  technical  development: 
Reactor  test  support,  $5.5;  nuclear 

rocket-engine  development,  $36.0;  sys- 
tem and  component  technology,  $7.8; 

propellants,  $12.5. For  flight  programs: 
SNAPS  vehicle  integration,  $7.6; 

nuclear  rocket  flight-test  stage  develop- 
ment, $25.7;  operational  safety,  $0.6.  8 
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Full  of  Facts 

and 

Free!  ■ 

52  electronic  companies  have  located  in  Virginia  during  the  past  10  years. 
This  new  30 -page  report  gives  facts  about  the  experience  of  many  of  these 
companies,  and  presents  maps,  charts,  statistical  tables  and  short  text  on 
topics  such  as  the  following: 

A  directory  of  the  electronic  companies 
in  Virginia.  ( 

The  population  and  geographic  charac- 
teristics of  Virginia  that  provide  such  a  wide 

range  of  site  choices  for  electronic  companies. 

The  federal  military,  space  and  other  techni- 
cal operations  in  the  Washington,  D.  C.  area, 

the  Hampton  Roads  region  and  other  areas 
that  are  in  the  forefront  of  the  government's electronic  programs. 

The  delivery  time  by  truck  from  Virginia 
localities  to  major  electronic  markets,  the  air 
facilities  available  at  Virginia  communities, 
other  transportation  data. 

Estimates  of  the  number  of  persons  available 
for  new  jobs  annually  and  wage  rates  prevailing 
in  the  electronic  industries. 

Virginia's  program  of  trade  and  technical courses  in  electronics. 

Engineering  graduates  of  Virginia  colleges 
and  universities,  present  college  courses  avail- 

able for  company  personnel,  faculty  and  equip- 
ment at  these  institutions  for  company  research. 

Record  of  labor-management  harmony  — 
salient  features  of  Virginia's  favorable  govern- ment climate. 

Recreational  facilities  in  the  State. 

Whether  or  not  you  are  immediately  planning  a  new  plant,  you  should  have 
this  book  in  your  files.    For  your  copy,  write  on  company  letterhead. 

C.  M.  Nicholson,  Jr.,  Commissioner 
Division  of  Industrial  Development  and  Planning 
VIRGINIA  DEPT.  OF  CONSERVATION 

AND  ECONOMIC  DEVELOPMENT 
Room  803-MR,  State  Office  Bldg.,  Richmond  19,  Va. 

Phone:  Milton  4-4111,  Ext.  2255 
Circle  No.  4  on  Subscriber  Service  Card 35 



At  New  York  World's  Fair  .  .  . 

'Aerospace  Island'-Never-Never  Land? 

Rocket  Society  may  take  on 

sponsorship  role  rejected 

by  AIA  and  big  companies, 

but  there  are  problems 

by  Michael  Getler 

New  York — Officials  in  charge  of 
the  1964  World's  Fair  here  are  finding 
it  hard  to  get  to  their  dream  "Aerospace 
Island"  without  a  paddle. 

The  paddle,  in  this  case,  is  someone 
to  run  the  show — an  industrial  group, 
individual  firm,  or  technical  society 
which  will,  in  effect,  turn  the  display 
into  a  technically  integrated  exhibit  of 
the  U.S.  aerospace  industry. 

The  search  for  a  "sponsor"  has  gone 
on  for  almost  a  year,  so  far  with  many 
expressions  of  interest  but  no  firm  com- 

mitment. However,  an  end  to  the  search 
may  be  in  sight. 

Last  month,  a  personal  letter  from 
World's  Fair  Corp.  President  Robert 
Moses  officially  invited  the  American 
Rocket  Society  to  consider  undertaking 
the  job  of  directing  the  show.  The  ARS 
Board  of  Governors  was  expected  to 
take  action  on  the  request  late  last  week 
during  the  three-day  ARS  Launch  Ve- 

hicles Conference  at  Phoenix,  Ariz. 
Though  many  problems  are  in- 

volved— not  the  least  of  them  the  like- 
lihood of  an  upcoming  ARS  merger 

with  the  Institute  of  the  Aerospace 
Sciences — the  Rocket  Society  hierarchy, 
in  consultation  with  IAS  officials,  were 
expected  to  at  least  look  into  the  feasi- 

bility of  running  such  an  immense  proj- 
ect. The  study,  if  undertaken,  would 

turn  up  facts  concerning  industry  sup- 
port, staff  needs,  and  financial  backing. 

If  the  "Aerospace  Island"  is  ever  to become  a  reality,  a  firm  plan  for  the 
exhibit  must  come  by  mid-summer.  The 
Fair  opens  in  April.  1964,  and  runs, 
with  the  exception  of  winter  adjourn- 

ments, through  October.  1965.  Accord- 
ing to  the  New  York  Port  Authority, 

which  is  responsible  for  the  "Transpor- 
tation" sector  of  the  Fair — the  one  in 

which  it  is  hoped  that  the  space  exhibit 
will  appear — about  70  million  persons 
will  visit  the  vast  complex  during  the 
two  years. 

•  2-million  ante — A  quarter-million 
square  feet  of  prime  Fair  ground  has 
been  set  aside  for  the  display.  This  space 
will  rent  for  $8  per  sq.  ft.,  bringing  the 
cost  of  the  project  to  at  least  $2  million 
before  anyone  even  sets  up  shop.  Fair 
officials  estimate  another  $10  million 
will  go  into  the  actual  pavilions. 

Location  of  the  more-than-5-acre 
space  display  is  also  considered  to  be 
one  of  the  best.  It  is  flanked  by  the  two 
largest  exhibits — a  $35-milIion  General 
Motors  presentation  and  a  $28-million 
Ford  pavilion. 

According  to  Port  Authority  offi- 
cials, a  good  deal  of  planning  has  al- 
ready gone  into  the  aerospace  project; 

however,  the  services  of  competent  tech- 
nical management  are  vital  in  order  to 

create  the  authentic  space  display  that 
is  envisioned.  There  will  be  no  ten-cent 
rocket  rides  for  the  kiddies,  they  point 
out. 

•  Hot  potato  —  The  search  for 
someone  to  provide  direction  and  man- 

agement for  the  exhibit  started  last 
June,  when  Fair  officials  approached 
the  Aerospace  Industries  Association, 
then  considered  to  be  the  logical  choice. 
While  most  member  firms  were  reported 
to  be  heavily  in  favor  of  such  a  display, 
the  AIA  governing  body  felt  that  as  an 
organization  it  could  not  run  the  proj- 

ect, since  it  might,  in  effect,  impinge  on 
rights  of  some  member  companies 
which  might  not  wish  to  associate. 

The  ball  which  AIA  dropped  as  a 
group  was  picked  up  by  the  Martin 
Company  shortly  afterward.  Martin 
proposed  a  plan  in  which  it  would  put 
up  half  the  funds  for  a  much  smaller 
space  display  based  on  the  Apollo  pro- 

gram. This,  of  course,  was  before  the 
competition  had  been  decided  in  favor 
of  North  American  Aviation.  Martin 
had  offered  to  contribute  $1.5  million 
to  the  project,  with  each  of  five  major 
team  members  chipping  in  $300,000 
each. 

North  American,  contacted  by  the 
Fair  committee  after  award  of  Apollo, 
reportedly  turned  down  the  proposition. 

In  addition  to  the  Martin  Company 
(whose  interest  remains  extremely  high, 
according  to  Fair  officials),  other  major 
support  from  the  industrial  quarter  has 
come  from  Aerojet-General  Corp.  and 
United  Aircraft  Corp. 

With  a  major  industrial  society 
(AIA)  out  of  the  picture,  along  with 
several  individual  companies  who  could 
not  support  a  project  of  the  type  and 
size  envisioned  by  World  Fair  planners, 
the  committee  then  turned  to  the  scien- 

tific community  societies,  and  specifi- 
cally to  ARS  because  of  its  recent  ex- 

perience with  the  "Space  Flight  Report 
to  the  Nation"  show  and  its  reputation 
as  a  top  professional  group. 

Whether  or  not  ARS  says  "yes"  re- mains to  be  seen.  Favoring  acceptance, 
however,  is  the  fact  that  Dr.  Edward  C. 
Welsh,  Executive  Secretary  of  the  Na- 

tional Aeronautics  and  Space  Council, 
is  understood  to  have  sent  a  personal 
letter  of  confidence  to  the  society. 

The  major  obstacle  that  ARS  faces 
is  somewhat  similar  to  that  which  turned 
away  the  AIA.  That  is,  though  there  is 
considerable  internal  support  from  in- 

dividual members  is  it  within  the  realm 
of  a  professional  technical  society — and 
if  so,  is  there  enough  support  from  in- 

dustry to  do  the  job  correctly? 
A  further  factor  may  be  the  IAS. 

which  is  alleged  to  have  a  somewhat 
more  conservative  approach  to  shows 
in  general  than  does  the  ARS. 

Despite  these  complexities,  the  cur- 
rent odds,  according  to  informed  sources, 

are  that  the  ARS  will  take  on  the  project. 
The  exhibit  within  the  Transporta- 

tion sector  is  certainly  to  be  the  largest 
concentrated  presentation  of  aerospace 
effort.  There  will  undoubtedly  be  small 
outcroppings  of  the  business  in  other 
state  and  federal  displays,  but  nothing 

on  the  order  of  the  "Aerospace  Island" plan.  Though  not  yet  firm,  the  U.S. 
Federal  display  is  not  expected  to  be 
devoted  in  any  part  to  the  space  pro- 

gram, and  Fair  officials  are  expected 
to  discuss  participation  in  the  main  ex- 

hibit with  both  NASA  and  DOD.  8 
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The  Industry  Week 

Industry  Trends  and  Forecasts 

Ling-Temco-Vought.  Inc..  is  investing  some 
||  S10.5-to-S13  million  in  company-sponsored  R&D 

this  year,  and  even  more  for  government  contracts. 
President  Gifford  J.  Johnson  said  "our  determina- 

tion to  show  a  profit  in  each  quarter  of  1962  has 
not  swayed  our  conviction  that  large,  well-managed 

I  R&D  programs  provide  the  most  sensible  way  to 
insure  LTV's  future."  Most  R&D,  he  said,  is  aimed 
beyond  1962  for  products  on  which  LTV  will  build 
its  future.  He  said  the  investment  "assures  better 
earnings  in  the  years  ahead."  .  .  .  Merck  &  Co.,  Inc., 
pharmaceutical  and  chemical  firm,  will  spend  $23 

p  million  on  its  1962  scientific  research  program.  .  .  . 
Republic  Aviation  Corp.  donated  S25.000  for  estab- 

lishment of  an  Aeronautical  Engineering  Research 
Fund  at  Princeton  University.  The  fund,  to  be  aug- 

mented by  gifts  from  other  sources,  will  enable 

Princeton's  Department  of  Aeronautical  Engineer- 
II  ing  to  continue  studies  of  such  problems  as  "scream- 

ing" in  large  rockets.  .  .  .  California  Gov.  Edmund G.  Broun  asked  the  State  Legislature  to  establish 
§|    a  Commission  on  Automation  and  Technological 

Developments  to  study  the  nature  and  amount  of 
unemployment  due  to  automation,  skills  required, 
retraining  of  workers  and  educational  problems  in 
relationship  to  automation,  what  industry  is  doing 
to  meet  the  problem,  and  possile  solutions.  The  pro- 

posed coynynission  would  be  comprised  of  five  indus- 
||    try  members,  five  from  labor,  three  from  the  general 
H    public,  two  Senators  and  two  Assemblymen.  .  .  . 

Delta  Airlines  established  a  "Missile  Express"  jet 
service  from  California  to  the  Orlando/ Cape  Ca- 

naveral area.  .  .  .  Roger  Lewis,  new  president  of 
General  Dynamics,  has  a  five-year  contract  paying 

|i    $125,000  a  year.  The  figure  was  disclosed  in  GD's 
proxy  statement,  which  also  showed  that  if  Lewis' 
full-time  employment  is  terminated  he  will  be  paid 

||    $1(0,000  a  year  thereafter — to  a  maximum  of  10 
||    years — provided  he  continues  as  a  consultant  and 

for  five  years  is  not  hired  by  a  competitor. 

I  New  Names  in  the  Industry 

Delta  Electronics,  Inc.  has  been  formed  in  Alex- 
andria, Va.,  to  develop  and  custom  fabricate  spe- 
cialized electronic  equipment.  President  is  Stephen 

W.  Kershner.  .  .  .  Northrop  Corp  changed  the  name 
of  its  Radioplane  Dir.  to  Northrop  Corporation — 
Ventura  Division.  .  .  .  PM  Electronics,  Inc.,  changed 
its  name  to  California  Instruments  Corp. 

.  New  Industry  Facilities 

The  Boeing  Co.  will  build  a  $2-million  radiation 
laboratory  at  Seattle  to  validate  results  of  company 
research  in  nuclear  radiation.  Completion  is  sched- 

uled for  early  next  year.  .  .  .  General  Electric  Co. 
has  taken  option  on  land  near  Oklahoma  City,  Okla., 
for  possible  future  expansion  of  missile,  satellite 
and  spacecraft  development  and  manufacturing  fa- 

cilities. The  company  also  leased  space  in  Oklahoma 
City  to  make  electronic  guidance  system  compo- 

nents. .  .  .  Commercial  Filters  Corp.  is  building  a 
35.000-sq.-ft.  addition  to  its  Lebanon,  Ind.,  plant. 
The  new  facility  will  enable  the  company  to  con- 

centrate all  metalworking  operations  in  one  loca- 
tion. .  .  .  The  Garrett  Corp.  allocated  $3  million  for 

construction  of  an  87,000-sq.-ft.  space  facility  and 
purchase  of  new  machining  equipment.  The  facility, 
at  Torrance,  Calif.,  will  include  a  space  lab  capable 
of  simulating  a  flight  into  space  and  to  the  moon. 
It  is  slated  for  completion  in  early  1963,  and  will 
be  occupied  by  components  involved  in  R&D  of  en- 

vironmental control  and  cryogenic  systems  for 
space  vehicles.  The  new  lab  will  include  17  space 
chambers,  two  vibration  rooms,  two  hot  and  cold 
chamber,  a  humidity  chamber,  a  fungus  chamber, 
two  clean  rooms,  a  data  acquisition  center  and  test 
benches.  .  .  .  American  Machine  and  Foundry  Co. 
established  the  AMF  instrument  division  in  Alex- 

andria, Va.,  for  development  and  manufacture  of 
precision  electrical  meters.  The  company  also 
opened  an  environmental  lab  to  analyze  effects  of 
environment  on  components  for  aerospace  GSE  and 
missile  and  aircraft  operations.  The  latter  facility  is 
at  Stamford,  Conn.,  and  is  part  of  AMF's  Government 
Products  Group.  .  .  .  General  Kinetics  Inc.,  Arling- 

ton, Va.,  formed  a  Production  Div.  to  manufacture 
company-developed  products.  .  .  .  Crane  Co.'s  Hydro- 
Aire  Div.  added  a  $250,000  clean  room  to  its  Bur- 
bank,  Calif.,  facilities  for  functional  testing  and 
final  cleanup  of  hydraulic  components.  .  .  .  Infrared 
Industries,  Inc.,  began  construction  of  a  $750,000 
research  and  manufacturing  facility  at  Santa  Bar- 

bara, Calif.  The  building  will  provide  manufacturing 
headquarters  for  the  company's  Simpson  Optical 
Division.  .  .  .  North  American  Asbestos  Corp. 
opened  a  new  plant  at  Mundelein,  111.,  for  production 
of  Crocidolite  and  Amosite  asbestos  mat.  .  .  .  Gen- 

eral Precision  Equipment  Corp.  will  open  a  Research 
Center  for  Aerospace  Sciences  this  year  at  Little 
Falls,  N.J.  GP  says  "The  new  research  center  will be  devoted  to  basic  materials  research  that  can 

result  in  new  products." 

News  of  Mergers  and  Acquisitions 

Donaldson  Co.,  Inc.,  Minneapolis,  acquired  Hy- 
drodyne  Corp.,  North  Hollywood,  Calif.,  manufac- 

turer of  precision  products  for  the  missile/ space 
industry.  .  .  .  Champion  Spark  Plug  Co.  acquired 
controlling  interest  in  Cousino  Electronics  Corp., 
Toledo,  Ohio,  developer  of  automatic  data  process- 

ing and  signal-relay  equipment.  .  .  .  General  Preci- 
sion Inc.  purchased  Royal  Precision  Corp.,  which 

will  operate  as  the  Data  Processing  Div.  of  GPL 
.  .  .  United  Nuclear  Corp.  and  Sabre-Pinon  Corp. 
stockholders  have  approved  a  merger,  with  UNC 
the  surviving  company.  UNC  is  a  producer  of  nu- 

clear fuel  materials,  nuclear  fuel  elements  and 
reactor  cores.  S-P  holds  interest  in  uranium  mines 
and  mitts. 
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GARRETT-AIRESEARCH 

has  immediate  openings 

for  work  on   ̂ %         A  ̂ %  ̂ H 

SPACE 

ENVIRONMENTAL 

SYSTEMS 

For  major  programs  now  under  way,  including  project  Apollo 

environmental  system,  AiResearch  immediately  needs  pre- 

liminary design,  creative  board-type  designers  and  hardware 
development  engineers  at  all  levels,  with  backgrounds  in  the 

following  disciplines: 

Thermodynamics 

Fluid  Mechanics 

Heat  Transfer 

Controls 

Stress  and  Vibration 

Systems  Engineering 

Cryogenics 

Test  Engineers 

Here  is  an  opportunity  to  participate  in  a  major  expansion 

of  a  company  which  pioneered  the  space  environmental  field. 

Specific  experience  in  space  environmental  controls  is  desirable 

but  not  necessary.  Education  requirements  are  B.S.  and  up. 

Garrett  is  an  "equal  opportunity"  employer. 

Please  send  complete  resume  to  Mr.  Tom  Watson,  Dept.  6 

AIRESEARCH  MANUFACTURING  DIVISION 

9851  So.  Sepulveda  Blvd.,  Los  Angeles  45,  California 

Solids  Boosted 

Report  at  SAE  Meeting 
Cites  Cost  Advantage 

New  York — The  economics  of  pro- 
viding the  U.S.  with  6-12-million-lb.- 

thrust  boost  vehicles  for  the  next  10 
years  of  space  exploration  was  discussed 
here  last  week  at  the  Society  of  Auto- 

motive Engineers'  National  Aeronautics Meeting. 

According  to  a  study  made  for 

NASA  by  North  American  Aviation's 
Space  and  Information  Systems  Divi- 

sion, single-tank  liquid-propellant  ve- 
hicles enjoy  a  cost-per-pound-of-pay- 

load  advantage  over  solid-fuel  boosters 
for  both  escape  and  300-mile  orbital conditions. 

The  figures  on  liquid  boosters  for 
escape  missions  were  listed  as  $173/lb.- 
of-payload,  as  opposed  to  $215  for  con- 

ventional solids.  For  the  300-mile 
orbital  role,  liquid  costs  are  estimated 
on  the  order  of  $65/lb.-of-payload 
against  about  $80  for  the  solids. 

The  advent  of  nuclear  systems,  the 
study  shows,  should  provide  great  eco- 

nomic advantages  for  the  escape  mis- 
sion, with  payloads  weights  doubled  at 

about  half  the  cost  of  using  liquids. 
In  addition  to  this  whack  at  develop- 

ment of  solids  in  this  thrust  category, 
a  significant  conclusion  was  that  this 
range  of  boost  power  was  totally  feasi- 

ble in  several  Saturn-  and  Nova-class 
configurations  and  did  not  appear  to 
make  any  unrealistic  economic  demands 
on  the  overall  space  program. 

•  Direct  vs.  rendezvous  —  The  dis- 
cussion of  booster  economies  also  car- 

ried into  the  argument  between  propon- 
ents of  direct  flight  and  orbital  rendez- 
vous techniques  for  lunar  landing. 

The  study  concluded  that  there  are 
some  economies  to  be  gained  by  pro- 

ducing a  large  number  of  boosters  of  the 
Saturn  C-5  type  and  employing  orbital 
rendezvous  techniques.  However,  as 

payload  increases,  an  economic  trade- 
off occurs  with  a  direct-flight  Nova-type 

vehicle  due  to  payload  reduction  fac- 
tors incurred  by  the  addition  of  ren- 

dezvous guidance,  propellants,  and 
structures. 

The  study  also  points  out  that  the 
reliability  of  the  rendezvous  method 
may  be  somewhat  below  the  direct 
flight — also  tending  eventually  to  shift 
the  economic  balance. 

For  space  missions  contemplated  for 
this  decade,  the  authors  say  the  Saturn 
C-5  vehicle  appears  to  have  the  required 
capability  for  both  direct  flight  and 
orbital  rendezvous  approaches.  The 
Nova-class  vehicle  with  nuclear  upper 

staging  justified  by  both  performance 
and  economy  appears  to  be  the  next 
major  step  beyond  Saturn.  8 
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names  in  the  news- 

POUNG HULL 

Thomas  V.  Jones:  President  and  chief 
executive  officer  of  Northrop  Corp.,  named 
to  the  board  of  directors  of  the  Times- 
Mirror  Co.,  Los  Angeles.  Other  directors 
in  the  missile/space  field  who  were  re- 

elected are  Don  G.  Mitchell,  vice  chairman 
of  General  Telephone  &  Electronics  Corp. 
and  Charles  B.  Thornton,  chairman  of 
Litton  Industries,  Inc. 

John  Lawrence:  Made  chairman  and 
chief  executive  officer  of  Dresser  Industries, 
Inc.  F.  G.  Fabian,  Jr.  was  elected  president 
and  R.  E.  Reimer  was  named  chairman  of 
the  Finance  Committee  while  continuing 
as  treasurer. 

W.  E.  Thomas:  Member  of  the  board 
of  directors  and  executive  vice  president 
of  the  Magnaflux  Corp.,  Chicago,  pro- 

moted to  president. 

Allan  C.  Johnson:  Has  joined  Aerojet- 
General  Corp.,  Azusa,  Calif.,  as  assistant 
to  the  chairman  of  the  board. 

Gerald  E.  Donovan:  Former  director 
and  vice  president-finance  of  Douglas  Air- 

craft Corp.,  is  now  a  director  of  Crescent 
Engineering  &  Research  Corp.,  El  Monte, 
Calif. 

Dr.  Zvi  Prihar:  Appointed  scientific 
advisor  to  the  director  of  research  and 
development  at  Page  Communications  En- 

gineers, Inc.,  Washington,  D.C. 

Don  S.  Burrows:  Former  controller  of 
the  Atomic  Energy  Commission,  has  joined 
the  Martin  Co.  Baltimore,  in  a  newly 
created  position  in  which  he  will  function 
in  an  overall  management  and  administra- 

tion capacity. 

Trevor  Gardner  and  Herbert  F.  York: 
Members  of  the  Board  of  trustees  of  Aero- 

space Corp.,  have  been  named  to  serve  on 
the  General  Advisory  Committee  of  the 
U.S.  Arms  Control  and  Disarmament 
Agency. 

Howard  C.  Appleman:  Formerly  with 
Minneapolis-Honeywell  Regulator  Co.,  has 
joined  the  Little  Falls  Division  of  REDM 
Corp.,  Singac.  N.J.,  as  vice  president  and 
general  manager. 

Joseph  M.  Barr:  Assigned  to  the  Wash- 
ington office  of  United  Aircraft  Corp.,  as 

vice  president  to  coordinate  activities  of 
the  company's  divisions  and  subsidiaries. 
James  S.  Lee  will  succeed  Barr  as  presi- 

dent of  United  Aircraft  International. 

F.  Leonard  Bryant:  Reelected  president 
of  Hooker  Chemical  Corp.,  New  York 
City,  has  also  been  designated  chief  execu- tive officer. 

Max  Poling:  Appointed  vice  president 
and  director  of  marketing  of  California 
Magnetic  Control  Corp.,  North  Hollywood, 
Calif. 

Dr.  Sanborn  C.  Brown  and  Dr.  David 
J.  Rose:  Members  of  M.I.T.'s  Physics  and 
Nuclear  Engineering  Departments,  respec- 

tively, have  been  elected  to  the  board  of 
directors  of  Magnion,  Inc.,  Cambridge, 
Mass.  Dr.  David  R.  Whitehouse,  also  of 
M.I.T.,  was  appointed  chairman  of  Mag- 
nion's  technical  advisory  board. 

Seymour  Cuker:  Will  fill  the  new  posi- 
tion of  vice  president  for  research  at  Astro- 

netic  Research,  Inc.,  Nashua,  N.H. 

Capt.  David  R.  Hull  (USN-Ret.):  Has 
been  elected  to  the  board  of  directors  of  the 
Astronautics  Corp.  of  America,  Milwaukee. 

William  H.  Simmet,  Richard  E.  Near- 
man  and  Wendell  C.  Swenson:  Promoted 
to  fill  newly-created  vice  presidencies  of 
Washington  Technological  Associates,  Inc., 
Washington,  D.C.  Simmet  will  act  in  the 
capacity  of  vice-president,  marketing; 
Nearman  as  vice  president,  engineering; 
and  Swenson  as  vice  president,  comptroller. 

Howard  K.  Schoenwetter:  Made  vice 
president  of  engineering  at  General  De- 

vices, Inc.,  Princeton,  N.J. 

Dr.  Charles  H.  Townes:  Awarded  the 
National  Academy  of  Sciences  John  J. 
Carty  Medal  for  his  pioneering  work  in 
the  development  of  the  maser. 

H.  C.  Tittle:  Appointed  vice  president- 
operations  planning  of  Sylvania  Electronics 
Systems,  a  division  of  Sylvania  Electric 
Products,  Inc.,  Needham,  Mass.  Tittle  will 
be  replaced  in  his  former  position  of  vice 

president  and  general  manager  of  the  di- 
vision's central  operation  in  Buffalo,  N.Y. 

by  E.  J.  Vigneron. 

Gerald  E.  Donovan:  Elected  to  the 
board  of  directors  of  Crescent  Engineering 
&  Research  Co.,  El  Monte,  Calif. 

Carlyle  A.  Mounteer:  Appointed  vice 
president  and  general  manager;  Howard 
A.  Nielsen,  vice  president  and  marketing 
manager;  and  Joseph  C.  Sanchez,  vice 
president  and  engineering  manager,  of 
Micro  Systems,  Inc.,  San  Gabriel,  Calif. 

Dr.  Elmer  W.  Engstrom:  President  of 
the  Radio  Corp.  of  America,  named  by 
the  Electronic  Industries  Association  board 
of  directors  to  receive  the  Association's highest  award,  the  EIA  Medal  of  Honor, 
for  distinguished  service  contributing  to  the 
advancement  of  the  electronics  industry. 

A.  W.  McEwan:  Will  head  the  electron 
tube  laboratories  of  ITT  Components  Di- 

vision, International  Telephone  and  Tele- 
graph Corp.,  as  director.  John  J.  Graham, 

vice  president,  will  be  head  of  the  U.S. 
Commercial  Group  of  ITT,  and  Glenn  W. 
Bailey  has  been  appointed  president  of 
Royal  Electric  Corp.,  Pawtucket.  R.I., 
a  subsidiary  of  ITT. 

Dr.  Edwin  Naumann:  Named  director 
of  systems  development  for  Northrop 
Space  Laboratories. 

Thomas  E.  Vail:  Elected  vice  president 
of  National  Astro  Laboratories,  Inc..  Pasa- 

dena, Calif. 

Robert  W.  Falconer:  Named  manager 

of  Aerospace  Corporation's  Pacific  Missile Range  Office  at  Vandenberg  AFB.  Calif. 

John  A.  Morgan:  Appointed  corporate 
general  manager  of  Special  Devices.  Inc., Newhall.  Calif. 

Jack  B.  Dear:  Promoted  to  vice  presi- 
dent and  manager  of  sales  of  The  Duraloy 

Company.  Scottdale,  Pa. 

Herbert  J.  Hall:  Returns  to  Research- 
Cottrell.  Inc.,  Bound  Brook,  N.J.,  in  the 
capacity  of  director  of  research. 
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products  and  processes 

A  HIGH-CAPACITY  data  switch 
composed  of  extremely  thin  subassem- 

blies is  now  being  manufactured  by 
Instrument  Systems  Corp.  Each  sub- 

assembly is  a  single-pole  54-position  de- 
vice rated  for  0.3  ampere  at  150  volts 

into  a  non-inductive  load.  Actual  length 
occupied  by  12  of  the  switches  is  less 
than  five  inches.  The  fixed  switch  con- 
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Data  Switch  Assembly 

tacts  are  formed  by  printed-circuit  tech- 
niques on  an  epoxy-glass  base  material 

of  high  physical  stability.  A  rigid  alum- 
inum drum  rotates  on  a  hub  fastened 

to  the  printed-circuit  card.  Switch  posi- 
tion markings  are  engraved  on  the  outer 

periphery  of  this  drum.  Alongside  the 
engravings  is  a  thin  knurled  edge  to 
permit  manual  drum-indexing  by  thumb. 

Circle  No.  226  on  Subscriber  Service  Card 

Low-Pressure  Transducer 

Edcliff  Instruments  is  producing  a 
miniature,  low-pressure  transducer.  The 
Model  2-51  is  only  one  cubic  inch  in 
size  and  weighs  less  than  three  ounces. 
It  has  high  reliability  and  accuracy  and 
withstands  100-g  shock  without  damage. 
Its  output  is  linear  with  pressure.  The 
pressure  media  is  isolated  from  electri- 

cal components  and  ranges  are  from  0 
to  5  up  to  500  psi. 

Circle  No.  227  on  Subscriber  Service  Card 

Hydrophone  Amplifier 
An  ultra-low-noise  hydrophone  am- 

plifier, described  as  a  "major  advance"' in  underwater  acoustical  detection,  has 
been  introduced  by  the  underwater  sys- 

tems laboratory  of  ACF  Electronics,  a 
division  of  ACF  Industries. 

The  amplifier  is  intended  for  use 
specifically  with  piezoelectric  ceramic 
hydrophones  exhibiting  a  capacitive 
source  impedance.  It  is  suited  to  appli- 

cations in  which  small  hydrophones 
having  low  sensitivity  and  low  capa- 

citance are  used. 
Circle  No.  228  on  Subscriber  Service  Cord 

Microwave  Receiver 

Sylvania  Electronic  System's  RC-10 microwave  receiver,  constructed  to  MIL 
specifications,  is  provided  with  three 
electronic  tuning  modes  (panoramic, 
sector  and  manual)  over  0.5  to  18  gc 
in  six  bands.  Designed  for  use  in 
crowded  pulse-signal  environments,  it 
employs  a  100-db  gating  circuit  to  help 
reject  strong  interfering  signals — even 
when  on  the  same  frequency  as  a  de- 

sired weak  signal. 
Other  advantages  reported  are:  re- 

covery from  any  blocking  signal  within 
5  microseconds;  provision  of  AFC  and 
AGC;  panoramic  sweep  of  entire  band 
on  upper  trace  of  a  two-gun  CRT; 
ability  to  switch  the  lower  trace  to  a 
triggered  A-scan,  to  allow  examination 
of  individual  pulses  or  pulse  groups. 

Circle  No.  229  on  Subscriber  Service  Card 

Solid-State  Gated  Counter 

Model  3001,  a  solid-state,  gated 
counter  particularly  suited  to  meter- 
proving  and  high-speed  gated  counting, 
is  being  marketed  by  Erie-Pacific,  Div. 
of  Erie  Resistor  Corp.  It  features  in- 

line Nixie  readout  in  4,  5  or  6  decades. 
Specifications  include:  Frequency  Range: 
10-100KC,  0-100,000  pps;  Accuracy 
±1  Count;  Start  and  Stop  Inputs:  ex- 

ternal switch  closure — momentary  or 
long  duration;  Reset:  pushbutton  on 
front  panel;  Power:  115/230V  ±10%, 
50/60  cps,  30  watts. 

Circle  No.  230  on  Subscriber  Service  Card 

Shuttle  Valve 

M.  C.  Manufacturing  Co.,  has  an- 
nounced development  of  a  high-pres- 

sure shuttle  valve  which  meets  the  re- 
quirements of  MIL-V-19068A  (ASG) 

and  drawing  MS28767   (ASG).  The 
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Circle  No.  225  on  Subscriber  Service  Card 

Precision  Cylinders  °f  j/^rner'cari  Gage  &  Machine  Co.,  The unit  makes  it  possible  for  the  first  time 
A  compact  "Ferris  wheel"  system    to  analvze  major  micrometer  defects of  precision  cylinders  for  checking  the     (precision,  lead  error  of  micrometer 

accuracy  and  condition  of  micrometers    screW;  and  anvil  parallelism)  with  a is  available  from  Size  Control  Co.,  Div.     single  device. 



valve  is  designed  for  use  with  either 
hydraulic  fluid  (MIL-H-5606)  or  dry 
air  at  operating  pressures  up  to  3000 
psi  throughout  a  temperature  range  of 
—  65°F  to  +275°F.  Shuttling  occurs 
when  the  pressure  at  one  IN  port  ex- 

ceeds the  pressure  at  the  other  IN  port 
by  25  to  100  psi;  reverse  flow  will  not 
unseat  the  poppet. 

Circle  No.  231  on  Subscriber  Service  Cord 

Analog/Digital  Converter 
A  high-speed  analog-to-digital  con- 

verter is  available  from  Raytheon  Co., 
Communications  and  Data  Processing 
Operation.  It  operates  at  up  to  500,000 
complete  10-bit  conversions  per  second. 
Output  is  either  serial  or  parallel  straight 
binary  on  all  units.  Serial  output  is  5 
million  bits  per  second  while  parallel 
output  is  up  to  500,000  words  per  sec- ond. 

Circle  No.  232  on  Subscriber  Service  Card 

Opportunity  for  individual  recognition  and  rapid 

growth  for  aerophysics  engineers  to  work  in 

the  area  of  missile  design  with  Raytheon's  Missile 
&  Space  Division  located  in  suburban  Boston 

AEROPHYSICS 

ENGINEERS 

HEAT  TRANSFER :  Engineers  or  scientists  experienced  in 
aero  heating  analysis  of  super  sonic  and  hypersonic  vehicles, 
and  analysis  of  space  vehicles. 

SPACE  TECHNOLOGY:  aero-space  engineers  or  physicists 
to  investigate  and  develop  techniques  for  the  solution  of  space 
vehicle  motion  and  powered  trajectories.  To  establish 
mission  criteria  and  analyze  overall  mission  requirements. 

AERODYNAMICS:  experienced  engineer  to  perform 
aerodynamics  analysis  of  missile  configurations  to  determine 
performance,  stability  and  air  loads. 

If  interested  and  qualified,  please  forward  your 

resume  to  Mr.  William  O'Melia,  Bedford  R&D  Center, 
Raytheon  Company,  Bedford,  Massachusetts. 

RAYTHEON  COMPANY 

MISSILE  &  SPACE  DIVISION 
RAYTHEON 

An  Equal  Opportunity  Employer 
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new  literature 

THE  OSBORN  MFG.  CO.  BRUSHES 
— An  eight-page  bulletin  describing  the 
operating  characteristics  and  giving 
complete  installation  data  on  Osborn 

Mfg.  Company's  Rota-Master  brush 
line,  has  been  published.  Bulletin  365-3 
reviews  and  illustrates  the  advantages  of 
the  new  Rota-Master's  lightweight,  self- 
cleaning  construction. 

The  new  units,  designed  to  clean 
conveyors,  and  remove  build-up  of  such 
materials  as  chemicals,  core  sand,  ore 
and  other  bulk  materials,  are  available 
in  6-in.  and  10% -in.  diameters.  Four 
pages  of  the  text  are  devoted  to  installa- 

tion data,  including  motor  requirements, 
wiring,  shaft  and  bearings,  brush  loca- 

tion, brush  rotational  speeds,  and  brush 
wear  adjustment.  Full-page  sketches 
show  mounting  techniques  and  header 
pulley  arrangements. Circle  No.  200  on  Subscriber  Service  Card 

CONTROL  PANELS  AND  SYSTEMS 
—Bulletin  CSD-1000,  published  by  the 
Control  Systems  Div.  of  Fostoria  Corp., 
describes  control  panels  and  systems 
now  available  for  automatic  control  of 
processes  and  operations  in  all  areas  of 
industrial  activity.  It  pictures  and  de- 

scribes panel  installations  that  feature 
mechanical  relays  and  contactors,  as 
well  as  static  logic  elements  and  other 
solid-state  devices.  Included  is  a  listing 
of  various  devices  commonly  used  in 
control  systems. 

Circle  No.  201  on  Subscriber  Service  Cord 

DOUBLE  DISC  GRINDING— A  bul- 
letin offered  by  Precision  Disc  Grind- 

ing Corp.  describes  advantages  of  double 
disc  grinding  over  fly  cutting,  face  turn- 

ing, surface  grinding  and  face  grinding. 
Outlined  are  how  double  disc  grinding 
works,  materials  that  can  be  ground,  etc. 

Circle  No.  202  on  Subscriber  Service  Card 

HARD  CARBIDES  —  Chemical  and 
processing  industry  applications  of  hard 
carbides  are  illustrated  by  nearly  50 
kinds  of  equipment  components  in  a 
new  28-page  booklet  (No.  B-550)  com- 

piled by  Kennametal  Inc.  Components 
are  divided  into  five  classes  of  equip- 

ment: seals  and  valves,  nozzles  and 
whizzers,  handling  and  processing, 
atomic  and  aerospace  products,  and 

ultrahigh  pressure.  Nobility  and  endur- 
ance of  carbides  are  shown  by  their 

high  corrosion  resistance,  oxidation  re- 
sistance up  to  1100°F  and  above,  and 

wear  resistance  up  to  100  times  that  of 
steel.  High  impact  resistance,  rigidity  of 
two  to  three  times  that  of  hardened 
steel,  and  dimensional  stability  are  also valued. 

Circle  No.  203  on  Subscriber  Service  Cord 
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contracts 

AIR  FORCE 

$23,149,970 — General  Dynamics  Corp.,  San 
Diego,  for  Atlas  boosters  and  for  design, 
fabrication  and  delivery  of  Atlas  missiles 
(2  contracts). 

$17,703,940 — Martin  Marietta  Corp.,  Denver, 
for  work  as  integrating  contractor  for  ac- 

tivation of  Titan  operational  bases  at  Ells- 
worth, Mountain  Home,  Larson  and  Beale 

APB's,  for  production  of  modification  kits and  related  material  for  modifying  Titan 
trainers,  for  spare  parts  and  related  mate- 

rial for  the  Titan  II  missile,  and  for  fabri- 
cation and  installation  of  Titan  II  opera- 
tional ground  equipment  (4  contracts). 

$16,169,000 — The  Boeing  Co.,  Seattle,  for  R&D 
of  the  Minuteman  ICBM  system  including 
missiles,  flight  test  and  development  of 
support  equipment  and  an  engineering 
test  program  (2  contracts) . 

$10,235,000  —  Douglas  Aircraft  Co.,  Santa 
Monica,  Calif.,  for  R&D  of  the  Skybolt 
ALBM  and  for  ground  support  for  the 
Skybolt  (2  contracts). 

$7,813,000 — American  Machine  &  Foundry 
Co.,  Greenwich,  Conn.,  for  work  on  the 
Titan  I  launcher  system. 

$6,100,000— Mitre  Corp.,  Bedford,  Mass.,  for 
electronic  systems,  engineering  and  tech- 

nical development. 
$5,500,000 — Page  Communications  Engineers, 

Inc.,  Washington,  River  Construction 
Corp.,  Ft.  Worth,  and  Curran  &  Co.,  Great 
Falls,  Mont.,  for  construction  of  the  in- 

stallation and  checkout  system  of  a  cable 
communications  network  for  the  Minute- 
man  site  at  Ellsworth  AFB,  S.D.  (joint 
venture) . 

$4,019,250 — Western  Electric  Co.,  New  York, 
for  production  and  installation  of  ground 
communications  and  associated  systems  at 
Vandenberg  AFB  and  Point  Arguello,  Calif. 

$3,083,000 — North  American  Aviation,  Inc., Canoga  Park,  Calif.,  for  Atlas  booster 
engines  and  for  engineering  support  for 
the  Atlas  weapon  system  during  1962. 

$2,850,000 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  R&D  of  a  satellite  control  sub- 
system. 

$2,668,000 — American  Bosch  Anna  Corp.,  Gar- 
den City,  N.T.,  for  R&D  on  the  Titan  mis- 
sile guidance  system. 

$2,490,000 — Aerojet-General  Corp.,  Sacramento, 
Calif.,  for  experimental  work  to  obtain 
engineering  data  for  design  of  a  large 
liquid -propellant  rocket  engine. 

$2,341,233 — North  American  Aviation,  Inc., 
Downey,  Calif.,  for  spares  for  the  Minute- 
man  guidance  and  control  system  and  for 
work  on  Hound  Dog  missile  system  (2 
contracts) . 

$2,306,124— General  Motors  Corp.,  Milwaukee, 
for  depot  maintenance  of  the  Thor  all- 
lnertial  guidance  subsytem  and  associated 
equipment  (2  contracts). 

$2,005,740 — Revere  Copper  and  Brass,  Inc., 
Brooklyn,  for  production  of  chaff  for  pas- 

sive defense  against  airborne  weapons 
systems. 

$2,000,000 — General  Precision,  Inc.,  GPL  divi- 
sion, Pleasantville,  N.T.,  for  aerospace 

flight  and  test  equipment. 
$2,000,000 — General  Electric  Co.,  Syracuse,  for systems  management  and  Integration  for 

an  air  weapons  control  system. 
$1,645,845 — Philco  Corp.,  Western  Develop- ment Laboratories,  Palo  Alto,  Calif.,  for 

production  of  a  satellite  control  network. 
$1,400,000 — Hercules  Powder  Co.,  Wilmington, for  R&D  of  Stage  in  Minuteman  motors. 
$1,293,000 — American  Bosch  Anna  Corp.,  Gar- 

den City,  N.T.,  for  missile  guidance  sets 
and  related  items. 

$1,000,000 — International  Telephone  and  Tele- 
graph Corp.,  Chicago,  for  modification  and 

additions  to  existing  space  program  com- 
munications systems  at  Vandenberg  AFB, 

Calif. 

$292,500— Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  for  single  sideband  equipment  for missile  programs. 

ARMY 
$30,546,293— Western  Electric  Co.,  New  York, 

for  R&D  on  the  Nike-Zeus  and  Zeus 
multi-function  array  radar,  for  Nike-Her- 

cules guidance  system  components,  and 
for  repair  parts  for  radar  equipment  for 
Nike-Hercules  (3  contracts) . 

$5,742,326— Raytheon  Co.,  Lexington,  Mass., for  field  maintenance  test  equipment  and 
components  and  parts  for  the  Hawk  mis- 

sile system  (2  contracts). 
$5,200,000— Sperry  Utah  Co.,  Salt  Lake  City, for  continued  production  of  Sergeant  mis- siles. 
$3,570.068 — Ford  Motor  Co.,  Aeronutronic  Di- 

vision, Newport  Beach,  Calif.,  for  the  Shil- 
lelagh missile. 

$3,274,665 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  for  235  Nike-Hercules  missile  air frames. 

$3,000,000 — Martin  Marietta  Corp.,  Orlando, 
Fla.,  for  modification  of  the  Pershing  mis- sile system. 

$1,921,000— Pacific  General  Construction  Co., 
Inc.,  Seattle,  for  construction  of  three 
Nike-Hercules  Hipar  systems  at  Fort Richardson,  Alaska. 

$1,165,861 — Curtiss-Wright  Corp.,  Wright  Aero- nautical division,  Wood  Ridge,  N.J.,  for 
rocket  motor  cases  for  the  Pershing  mis- sile. 

INDUSTRY 
$1,000,000 — Clauser  Technology  Corp.,  Tor- 

rance, Calif.,  from  Hughes  Aircraft  Co.,  for 
design,  fabrication  and  Installation  of  a 
large  space  simulation  chamber. 

$900,000 — Electronic  Associates,  Inc.,  Long 
Branch,  N.J.,  from  Vitro-Selenia  Spa., 
Italy,  to  supply  missile  range  instrumen- 

tation for  the  Salto  di  Quirra  Range  on 
Sardinia. 

$800,000— Cubic  Corp.,  San  Diego,  from  Lock- heed, for  tracking  systems  for  locating 
and  recovering  satellites  in  the  Pacific. 

$500,000 — United  Control  Corp.,  Redmond, 
Wash.,  from  the  Boeing  Co.,  for  tempera- 

ture control  equipment  for  the  Minute- man  ICBM. 
$135,000 — Hoover  Co.,  Electronics  division, Baltimore,  from  Boeing,  for  electronic  test 

equipment  for  the  Minuteman  program. 
$100,000 — Leach  Corp.,  Compton,  Calif.,  from 

Lockheed  Missiles  and  Space  Co.,  for  mag- 
netic tape  recorder  systems  to  use  in  the Polaris  testing  program. 

NAVY 
$12,190,000— Hercules  Powder  Co.,  Wilming- ton, Del.,  for  continued  research  and 

development  on  solid  propellants. 
$4,994,654 — General  Precision  Co.,  Glendale, 

Calif.,  for  fire  control  system  components 
for  Asroc  antisubmarine  rocket. 

$4,750,000 — Ryan  Aeronautical  Co.,  San  Diego, for  augumentation  and  ground  support 
equipment  and  spares  for  Q-2C  Firebee drones. 

NASA 
$5,000,000 — Republic  Aviation  Corp.,  Farming- 

dale,  L.I.,  N.Y.,  for  Project  Fire  flight 
re-entry  research  program. 

$149,619 — Thompson  Ramo  Wooldridge,  Inc., 
Space  Technology  Laboratories,  Inc.,  Re- 
dondo  Beach  Calif.,  for  program  to  ad- 

vance the  state  of  the  art  in  valve  tech- 
nology for  space  applications. 

ION  PROPULSION 

The  Hughes  Research  Labora- 
tories offer  an  outstanding  pro- 

fessional environment  to 
Scientists  and  Engineers  with 
an  interest  in  basic  and  ap- 

plied research  in  electrical 
propulsion  systems.  At  these 
exceptional  facilities  you  can 
realize  maximum  professional 
growth  through  programs 
including: 

Ion  optics  studies 
Ion  beam  diagnostics 
Engine  design  and 

evaluation 
Plasma  acceleration 
Refractory  metallurgy 
Power  converter 

systems Flight  test  engineering 

The  Hughes  Research  Laboratories,  specifically 
designed  and  completely  equipped  for  effective 
research  efforts,  are  located  in  Malibu,  California 
— overlooking  the  Pacific  Ocean.  In  this  uniquely 
creative  atmosphere,  valuable  interchange  of 
information  and  intellectual  stimulation  are  pro- 

vided through  close  contact  with  the  scientific 
community — frequent  lectures  by  eminent  sci- 

entists, association  in  affairs  of  professional  soci- 
eties and  with  company  support  for  participation 

in  excellent  programs  at  three  local  universities. 
Hughes  scientists  working  in  this  favorable 
climate,  created  by  progressive  company  man- 

agement are  continually  adding  to  their  record 
of  accomplishment  in  electronics  and  physics 
research.  creating  a  new  world  with  electronics 
Your  inquiry  may  be  1  i 
directed  in  strict  confi-  |     ij  ■  •       u  c"  C  ' 
dence  to:  Mr.  D.  A.  i     HUtaMtS  | Bowdoin,  Hughes  Re-    1  i",7  7,~~^  7r,Zv!*7  ~  J 
search  Laboratories, 
Malibu,  California. 

An  equal  opportunity  employer. 
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OPTIMUM  DESIGN  OF  MECHANICAL  ELEMENTS, 
Ray  C.  Johnson,  John  Wiley  &  Sons,  New  York 
16,  N.  Y.,  535  pp.,  $1  1.50. 

The  author  takes  a  more  academic  ap- 
proach than  do  most  writers  of  books  on 

machine  design.  It  is,  however,  a  refreshing 
approach:  Johnson  considers  that  there  is 
more  than  one  answer  to  a  design  problem, 
and  he  concentrates  on  trying  to  get  the 
best  one.  Thus,  despite  the  somewhat 
stilted  tone  of  the  book,  it  can  be  im- 

mensely useful  to  the  mechanical  engineer 
who  must  be  certain  that  he  is  getting  opti- 

mum design.  He  will  even  be  relieved  of 
the  tedium  of  using  a  cut-and-try  method. 
An  understanding  of  elementary  calculus 
will  take  most  engineers  through  the  book. 
They  will  be  amply  rewarded  if  their  work 
calls  for  designing  machine  elements  or 
mechanisms. 

SATELLITE  ENVIRONMENT  HANDBOOK,  edited 
by  Francis  S.  Johnson,  Stanford  University  Press, 
Stanford,  Calif.,  155  pp.,  $5.50. 

Here  is  an  excellent  text  that  belongs 
in  the  library  of  every  engineer  and  space 
scientist  concerned  with  sending  probes  and 
craft  above  the  earth's  atmosphere.  It  pro- 

vides answers  to  questions  about  the  upper 
atmosphere  that  ordinarily  would  be  ob- 

tained only  after  many  hours  of  library 
research.  The  information  was  compiled 
chiefly  in  response  to  engineering  questions 
directed  to  the  Space  Physics  Research 

Aerojet-General  Corp.,  Sub. — 
General  Tire  &  Rubber  Co....  48 
Agency — D'Arcy  Adv.  Co. 
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organization  at  Lockheed  Missiles  and 
Space  Co. 

The  data  which  describe  the  geophysi- 
cal environment  encountered  by  earth  sat- 

ellites are  presented  in  a  comprehensive 
summary — the  structure  of  the  upper  at- 

mosphere and  the  ionosphere,  penetrating- 
particle  radiation,  solar  radiation,  micro- 
meteorites,  radio  noise,  thermal  radiation 
from  earth,  and  geomagnetism.  Johnson  is 
Lockheed's  manager  of  Space  Physics  Re- search. Contributors  in  addition  to  Johnson 
are  A.  J.  Dessler,  O.  K.  Garriott,  W.  B. 
Hanson,  and  J.  F.  Vedder. 

INTRODUCTION  TO  HYPERSONIC  FLOW,  G.  G. 
Chernyi,  Moscow  State  University,  translated  and 
edited  by  Ronald  F.  Probstein,  Brown  University. 
Academic  Press,  New  York.  262  pp.,  $6. 

This  translation  of  a  recently  published 
Soviet  text  provides  an  introduction  to  the 
fundamentals  of  inviscid  hypersonic  flow 
theory  and  to  the  most  important  methods 
of  calculating  ideal  gas  flows  at  hypersonic 
speeds. Included  are  many  topics,  such  as  flows 
past  slender  blunted  bodies,  to  which 
Soviet  aerodynamicists  have  made  major 
contributions  and  which  are  not  found 
discussed  in  detail  in  Western  books  on 
the  subject. 

Explanatory  notes  have  been  added, 
and  the  text  has  been  revised  and  edited 
with  the  full  cooperation  of  the  author. 
An  extensive  reference  list  of  almost 

two  hundred  Soviet  and  Western  publi- 
cations is  made  useful  by  the  inclusion  of 

references  to  English  translations  for  most 
of  the  Russian  works. 
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editorial . 

LeMay  Takes  a  Stand 

GEN.  CURTIS  E.  LeMAY,  bulldog-jawed  Air 
Force  chief  of  staff,  has  not  been  conspicuous 

publicly — except  by  his  absence — in  the  fight  for  a 
bigger  military  space  role. 

Although  the  general  has,  in  the  past,  expressed 
his  belief  in  the  need  for  a  mixed  bag  of  aircraft 
and  spacecraft,  he  never  has  come  out  strongly  for 
the  Air  Force  space  role,  leaving  that  to  lesser  lights. 

His  stubborn  fight  with  Secretary  of  Defense 
Robert  McNamara  over  the  B-70,  in  fact,  caused  us 
some  concern.  The  Air  Force  has  more  important 
things  to  fight  for  these  days.  LeMay's  stand  created considerable  ill-will  in  DOD  and  on  the  Hill. 

It  is  with  some  pleasure,  therefore,  that  we  have 
read  the  text  of  the  speech  delivered  by  Gen.  LeMay 
at  Assumption  College  in  Worcester,  Mass.,  on 
March  28. 

In  that  speech,  the  AF  Chief  of  Staff  takes  his 
strongest  stand  to  date  in  favor  of  an  extensive  mili- 

tary space  capability. 
"Military  space  capabilities  will  eventually  be  the 

choice  made  by  our  political  process,"  Gen.  LeMay 
said.  "What  we  should  do  is  to  expedite  the  process 
by  recognizing  the  advantages  of  developing  military 
space  systems  as  quickly  as  possible." To  prevent  a  fatal  technological  surprise  in  the 
1970's,  the  general  declared,  U.S.  defense  prepara- 

tions must  provide  military  capabilities  in  space,  in- 
cluding both  unmanned  and  manned  spacecraft. 

Dr.  Robert  H.  Goddard's  pioneer  work  in  rock- 
etry was  recognized  in  Russia  as  early  as  1920, 

LeMay  pointed  out.  By  1 929  the  first  of  nine  volumes 
of  an  encyclopedia  on  space  travel  was  published 
in  the  Soviet  Union.  In  1934  the  first  Soviet  liquid- 
propellant  rocket  was  successfully  fired.  In  1937  the 
Soviet  Union  established  rocket  test  centers  at  Kazan. 
Moscow  and  Leningrad. 

AT  THE  SAME  TIME,  LeMay  noted,  the  U.S. 
failed  to  recognize  the  significance  of  Goddard's work.  Although  Goddard  successfully  demonstrated 

rocket  engine  performance  many  times,  and  tech- 
nical reports  on  his  work  were  widely  published  by 

the  Smithsonian  Institution,  there  was  little  official 
interest. 

In  fact,  a  representative  of  the  Army  Air  Corps 
who  visited  Goddard  in  1936  to  assess  his  work 
reported  that  it  had  little  military  value. 

"We  can't  afford  to  make  that  kind  of  mistake 
today,"  Gen.  LeMay  warned. 

We  now  face  the  problem  of  choosing  what  to 
do  about  the  development  of  capabilities  in  space, 
the  general  pointed  out.  There  is  technical  argument, 

economic  argument  and  philosophical  argument 
about  this  political  choice. 

"Not  too  many  years  go,"  the  Air  Force  chief 
said,  "the  public  was  accustomed  to  the  idea  that 
the  Defense  Department  would  provide  for  our  ex- 

ternal security.  The  job  of  keeping  America  secure 

was  the  military's,  under  the  direction  of  the  Presi- 
dent and  with  appropriations  voted  by  the  Congress. 

"Today  a  new  phenomenon  has  tended  to  dis- 
sociate this  public  image  of  security  from  the  De- 

fense Department.  This  phenomenon  fogs  the  vision. 
It  outmodes  classical  ways  to  deal  with  security 
problems.  And  it  confuses  our  efforts  to  develop  a 
workable  national  military  strategy." 

WHAT  HAS  HAPPENED,  the  general  said,  is 
that  many  people  have  come  to  believe  that 

action  by  the  armed  forces  will  result  in  the  destruc- 
tion of  this  nation  as  well  as  that  of  the  aggressor. 
"Most  people  recoil  from  the  idea  of  building 

military  space  capabilities  because  they  see  this  as 
a  further  cause  for  instability  and  a  needless  exten- 

sion of  a  nuclear  arms  race  that,  in  their  view,  has 

already  gone  too  far,"  LeMay  said.  "When  you  lump 
their  arguments  together  with  those  of  the  very 
logical  and  calm  fellow  who  asks  why  try  to  deter 
nuclear  war  by  taking  the  nuclear  weapon  into  space 
— since  we  can  already  do  an  impressive  job  with 
it  from  here  on  Earth — when  you  get  the  total  effect 
of  these  arguments,  then  you  have  a  lot  of  tough 

opposition  to  military  space  systems." There  is  one  point  which  these  people  miss, 
LeMay  said:  they  look  on  space  operations  merely 
as  an  extension  of  the  use  of  nuclear  weapons. 

"This  may  not  be  the  case  at  all,"  he  declared. 
Future  space  armament  may,  instead,  include 

exotic  weapons  capable  of  neutralizing  earth-based 
ICBM's,  beam-directed  energy  weapons  which  strike 
with  the  speed  of  fight. 

"That  kind  of  speed  makes  the  1 5,000-mile-an- 
hour  ICBM  a  relatively  slow-moving  target,"  he 
pointed  out.  The  general  noted  that  both  the  U.S. 
and  the  Soviet  Union  have  been  investigating  such 
weapons. 

Suppose  the  Soviets  were  first  to  develop  these? 
he  asked.  They  could  neutralize  our  ICBM's,  satel- 

lites and  spacecraft,  and  prevent  us  from  developing 
an  equal  defense. 

"They  could  even  prevent  us  from  going  into 
space  for  peaceful  purposes,"  Gen.  LeMay  warned. 
It  was  a  telling  point  in  an  excellent,  literate  and 
most  welcome  speech. 

William  J  Coughlin 
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The  reliability  of  our  Mercury  escape  rocket  illustrated  below  (68  perfect  firings  in  a  row)  has  led  to  our 

selection  by  North  American  Aviation  and  the  National  Aeronautics  and  Space  Administration  to  design  and 

build  a  similar  solid-propellant  launch-escape  motorfor  the  Apollo  spacecraft.  This  kind  of  reliability  is  inherent  in 

every  LPC  rocket:  the  120-inch  solid  booster  for  the  Air  Force;  high  mass-ratio  motors  for  upper-stage  use;  hybrids 

that  use  a  liquid  oxidizer  to  gain  stop-start-stop  capability;  and  off-the-shelf  solid-propellant  rockets  in  a  wide 

range  of  sizes  for  scientific  and  military  uses.  LOCKHEED  PROPULSION  COMPANY 
REDLANDS.  CALIFORNIA  •  A  SUBSIDIARY  OF  LOCKHEED  AIRCRAFT  CORPORATION 



ADVANCING   I  THE  ART  OF  LIQUID  ROCKETRY 

toward  the  attainment  of  national  space  objectives, 

the  Liquid  Rocket  Plant  of  Aerojet-General  maintains  complete 
facilities  for  research  and  materials  development, 

embracing  all  aspects  of  liquid  propulsion  technology. 

Materials— to  withstand  stringent  environ- 
mental conditions— nuclear  radiation,  corrosion, 

extreme  temperatures  and  erosion. 

Propellants— extensive  research  in  thermo- 
dynamic and  physiochemical  mechanisms,  propellant 

processing  and  logistics. 

Basic  Engineering— combustion  and  heat  transfer  research, 
studies  of  gas  dynamics  in  rocket  nozzles,  the  control  of 

liquid  flow,  and  research  on  advanced  injection  techniques. 

Conceptual  Research— evaluating  the  feasibility  of 
new  force  systems,  including  combined-energy  propulsion 

and  non-chemical  propulsion. 

LIQUID  ROCKET  PLANT 
Sacramento,  California 

THE  N  AEROJET 

GENERAL  GENERAL CORPORATION 
TIRE 

Engineers,  Scientists:  Investigate  outstanding  opportunities  at  Aerojet 



Birth  of  a  Motor  Case — Glass  Filament  Production 

I  NASA  Budget  Gets  Small  Cuts  in  House  .  .  1 

I  Douglas  Winds  Up  Profits  Testimony  1 

I  Glass  Filament  Problems  Attacked  24 AN  AMERICAN  AVIATION  PUBLICATION 



LIBRASCOPE 

FACILITIES 

Shown  below  is  a  composite  view  of  Librascope's  facilities  where 
a  variety  of  computer  systems  are  currently  in  different  stages 

of  design  and  production.  Some  are  strategically  involved  with 

national  defense... others  deal  with  business  and  industrial  process 

control.  Each  is  uniquely  designed  to  answer  a  particular  need.  The 

success  of  these  systems  illustrates  the  value  of  Librascope's 

engineering  philosophy:  A  decentralized  organization  of  spe- 

cialized project  teams  responsible  for  assignments  from  concept  to 

delivery. ..  and  backed  up  by  excellent  research,  service,  and  I  production  facil- 

ities. For  your  computer  requirements,  call  on  the  company  y  v|  whose  breadth 

of  diversification  in  computer  technology  is  unsurpassed.  ̂ ^M^fea^aB^.  *S  ■  Librascope 
Division,  General  Precision,  Inc.,  808  Western  Avenue,  'm 1  i '  n|| ,  i  iHfi        I      Glendale,  Calif. 

computers  that  pace  man's  expanding  mind 

LIBRASCOPE  DIVISION 
GLENDALE  I.CALIFORNIA 

mm 



LAND,  SEA, Lair]  OR  space..  . talent  that  builds  better  defense  systems 

Until  now,  you've  had  to  wear  polarized  or  colored  glasses 
to  see  a  3-D  picture  from  a  pair  of  transparencies.  You 
don't  any  more  .  .  .  not  with  a  new  stereo  viewer  devel- 

oped by  Goodyear  Aircraft  Corporation  (GAC). 

This  new  viewer  can  be  used  — with  the  naked  eye  — for 
military  and  civilian  photo  interpretation,  for  intelli- 

gence, teaching  aids  and  many  other  jobs.  Translational 
controls  let  you  use  conventional  strip  film.  You  can  also 

rotate  the  image.  Viewing  screen  measures  8"  x  10". 
This  portable  unit  weighs  only  30  pounds,  fits  in  a  12 x 
The  technical  disciplines  involved  in  these  areas  offer  a  challenging 

14"xl0I/2"  case,  sets  up  and  starts  operating  quickly. 
The  stereo  viewer,  developed  to  fill  an  urgent  need  in 
image  interpretation,  is  typical  of  our  response  and  capa- 

bility in  land,  sea,  air  or  space  defense  systems. 

If  we  can  be  of  service  to  you  in  advanced  systems  and 
technology ...  aerospace  support  equipment ...  electronic 
subsystems  .  .  .  lightweight  structures  ...  or  missile  re- 

quirements, write  Goodyear  Aircraft  Corporation,  Dept. 
914PP,  Akron  15,  Ohio,  or  Litchfield  Park,  Arizona. 

future  for  Engineers  and  Scientists  at  Goodyear  Aircraft.  Write  today 

good/year 
GOODYEAR   AIRCRAFT  CORPORATION 

Circle  No.  2  on  Subscriber  Service  Card 3 



A  new  science-technology  helps  SAC 
leaders  command  their  world-wide  forces. 
Their  command  decisions  must  be  made 

in  minutes  or  seconds.  And  they  must  fre- 
quently base  those  decisions  on  vast 

amounts  of  changing  information-gath- 
ered from  distant  sources  and  literally  up- 

to-the-second.  A  new  science-technology 
has  emerged  in  recent  years  to  help  SAC 
commanders  and  other  military  and  gov- 

ernmental leaders  make  decisions  and 
exercise  control  under  those  conditions.  It 

involves  the  development  of  far-reaching, 
computer-based  systems  that  provide 
information  processing  assistance  to 

decision-makers.  It  has  created  a  number 
of  new  positions  at  System  Development 
Corporation.  SDC  has  helped  create  this 
new  science-technology,  beginning  with 
SACE-the  first  major  system  for  decision 
and  control.  Today  its  scientists,  engineers 
and  computer  programmers  are  at  work  on 
the  SAC  Control  System.  They  are  also 
contributing  to  a  number  of  other  com- 

mand and  control  systems  now  in  their 
early  stages.  They  participate  in  the  key 
phases  of  system  development:  analyzing 
system  requirements,  synthesizing  the  sys- 

tem, instructing  computers  which  are  the 

core  of  the  system,  and  training  and  evalu- 

ating the  system.  Human  Factors  Scientists, 
Operations  Research  Scientists,  Engineers 
and  Computer  Programmers  interested  in 
joining  the  growing  edge  of  this  new  field 
are  invited  to  write  Dr.  H.  L.  Best,  SDC, 
2433  Colorado  Ave.,  Santa  Monica,  Calif. 
Positions  are  open  at  SDC  facilities  in 
Santa  Monica,  Washington,  D.C.,  Lexing- 

ton, Mass.,  Paramus,  N. ).  "An  equal  oppor- 

tunity employer." 

System  Development  Corporation 

Systems  that  help  men  make  decisions  and exercise  control  .^j^ 
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Although  not  visible,  204  attentuated  glass 
filaments  are  being  drawn  from  glowing 
bushings  in  a  test  run  at  Owens-Corning 
Fiberglas.  This  is  first  step  toward  filament- 
wound  solid  rocket  cases.  See  p.  24. 
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CAPABILITIES 

of 

What  capabilities?  From  which  subsidiary  of 
RCA? 

From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  -  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities 
available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Most  Trusted  Name  in  Communication! 

Greek  Rocket  Group 

To  the  Editor: 
We  wish  to  inform  you  that  the  Sci- 

entific Rocket  Research  Group  on  Space 
has  recently  been  established  by  a  group 
of  scientists  and  technicians  of  our  coun- 

try, aiming  at  carrying  out  research  in 
Greece,  too,  on  high-altitude  solid-fueled 
rockets  and  on  space. 

As  we  are  keenly  interested  in  co- 
operation with  scientific  research  institu- 

tions, scientific  research  sections  of  vari- 
ous companies,  and  scientists  of  your 

country  engaged  in  rocketry  and  space, 
we  would  like  to  ask  you  to  help  us  by 
announcing  in  the  columns  of  your  lead- 

ing magazine  (to  which  the  undersigned 
is  a  subscriber)  the  establishment  of  our 
group,  and  mentioning  the  address,  so 
that  interested  persons  may  write  to  us. 

Apostolos  Frangos,  B.A. 
Scientific  Rockets  Research 
Group  on  Space 

43,  Ellanikou  Str.,  Pangrati 
Athens.  Greece 

Interest  in  India 

To  the  Editor: 
I  shall  be  deeply  grateful  if  my  name 

is  included  in  the  list  of  editors  and  others 
who  have  the  honour  to  receive  a  copy  of 
your  esteemed  publication. 

Your  publication  is  the  foremost  on  the 
subject  in  the  world  and  will,  as  such,  be 
an  indispensable  source  and  reference  ma- 

terial in  this  organization. 
Jaswant  Singh 
Editor 
India  Armed  Forces  Year  Book 
Bombay.  India 

Who's  An  Engineer? 
To  the  Editor: 

I  have  read  the  numerous  letters  to  the 
editor  which  have  appeared  subsequent  to 
your  article  on  the  engineering  shortage. 
Most  of  these  letters,  which  are  obviously 
written  by  non-graduates,  fail  to  touch  my 
heart.  In  fact,  I  am  a  little  tired  of  listening 
to  the  woes  of  the  non-graduate  who  so 
readily  passes  himself  off  as  an  "engineer." The  graduate  engineer  is  in  somewhat 
of  a  quandry  himself.  He  is  attempting  to 
raise  the  engineering  profession  to  the 
standards  of  a  true  profession.  In  the  ma- 

jority of  cases,  the  non-graduate  is  lending 
nothing  to  this  endeavor. 

If  these  non-graduates  are  as  capable 
as  they  profess  to  be,  they  should  be  able 
to  receive  a  degree  in  an  absolute  mini- 

mum of  time.  I  believe  that  there  are  many 
recognized  universities  which  will  award 
full  credit  for  a  particular  course  if  one 
merely  passes  a  form  of  'Final"  examina- tion which  demonstrates  proficiency  in  that 
subject. 

The  graduate  engineer  will  continue  to 
have  difficulty  in  attempting  to  be  recog- 

nized as  a  true  professional  as  long  as  the 
present  multitude  of  non-graduates  in  in- 

dustry continue  to  lower  the  status  of  the 
profession  by  classifying  themselves  as 
"engineers."  Industry,  in  general,  could  be 
criticized  for  affixing  too  encompassing  a 
definition  to  this  classification. 

There  is  definitely  a  place  for  the  non- 
graduate  in  industry.  However,  let's  not  be so  hasty  as  to  label  everyone  as  an  engineer. 

T.  J.  Nawrocki 
Cocoa  Beach,  Fla. 

'Too  Old'  at  40? 

To  the  Editor: 

In  answer  to  the  "too  old"  question  (in 
connection  with  the  controversial  shortage 
of  engineers) : 

May  I  call  attention  to  John  Glenn's 
age — he  is  40!  Not  a  "hot  shot"  25-30  or even  35. 

W.  C.  Davis 
(who  is  55  and  a  physical  scientist, 
AOMC-Redstone  Arsenal,  and  not on  a  per  diem) 
Huntsville,  Ala. 

The  Lights  of  Perth — / 
In  silence  have  the  moon  and  stars 

looked  down 
Since  time  began,  uncomprehendingly. 
And  not  'til  now  our  still  Australian 

town 
Had  dared  to  beam   its  friendship 

skyward.  We 
Shall  greet  the  living  star  with 

tongues  of  light, 
With  streets  ablaze  and  houses 

bright  as  day, 

While  he  is  drowned  in  deep  and 
dreadful  night, 

Unseen  yet  seeing,  borne  upon  his  way 
In  solitude.  The  fearful  void  between 
His  place  and  ours  cannot  be 

spanned  by  sound; 
Yet  haply  will  our  shining  speech 

be  seen 
And  understood.  Community  has 

found 
A  luminescent  voice,  to  speak  with 

worth 
A  nd  splendor,  in  the  friendly 

lights  of  Perth. 

J.  P.  Davis 
Nuclear  Engineer 
Burns  A  Roe,  Inc. 
New  York 
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NEM  S  -  CLARKE8  Preamplifier... 
the  loudest  lightweight  in  telemetry! 

The  state-of-the  art  of  telemetry  reception  has  advanced  another  step  with  the 
new  Nems-Clarke  Solid  State  Preamplifiers. 
Units  are  now  in  production  for  the  134-138mc  (SSP-136)  and  225-260mc 
(SSP-101)  telemetry  ranges.  Their  minimum  gain  is  25db  with  a  uniformity 
response  within  3db  across  the  band.  They  have  a  maximum  noise  figure  of 
4db  and  4.5db  respectively.  Units  can  be  designed  to  cover  bands  anywhere 
between  55  and  300mc. 

These  rugged,  lightweight  preamplifiers  can  be  mounted  either  on  the  antenna 
pedestal  or  directly  in  the  coax  cable  and  will  operate  for  thousands  of  trouble 
free  hours  at  unattended  locations.  Their  own  external  12  volt  power  supply  is 
available  for  rack  mounting. 

Go  East,  Old  Man 
To  the  Editor: 

In  the  Feb.  26  M/R,  an  article  entitled 
"MA-6  Speeds  Spaceflight  Plans"  reports that  Lt.  Col.  Glenn  travelled  around  the 
world  from  West  to  East  in  4  hrs.  56  min. 
26  sec.,  leaving  at  9:47  a.m.  and  returning 
at  2:43  p.m.  the  same  day. 

Now  then,  may  I  pose  a  question: 
Since  our  age  is  based  on  the  fact  that  the 
Earth  revolves  around  the  Sun  in  approxi- 

mately 365V4  days — which  we  call  a  year 
— and  that  the  Earth  rotates  on  its  axis  in 
approximately  24  hours — which  we  call  a 
day — could  we  say  that  since  Col.  Glenn 
travelled  around  the  Earth  three  times  on 
the  same  day  he  is  now  approximately  three 
days  younger  (not  considering  the  exact 
mathematical  calculations  involved)? 

Paul  J.  Malie 
Cumberland,  Md. 

It  Was  an  Aerobee 
To  the  Editor: 

I  enjoyed  the  article  on  sounding 
rockets  (M/R,  April  2,  p.  36).  However, 
the  picture  accompanying  the  article  is  an 
Aerobee  150A,  not  an  Iris.  Various  models 
of  the  Aerobee  have  been  flown  since  1947, 
and  the  model  shown  in  the  photo  can 
carry  a  100-lb.  payload  to  175  miles  alti- 

tude or  a  300-lb.  load  to  100  miles  altitude. 
NASA  plans  to  launch  some  40  Aero- 
bee vehicles  during  the  forthcoming  year 

from  the  Wallops  Island,  Va.,  facility  and 
the  Navy  facility  at  White  Sands,  N.M. 

I 
j 

0 

AEROBEE,  not  Iris. 

An  interesting  feature  of  the  Aerobee, 
noticeable  in  the  photograph,  is  that  both 
the  liquid  sustainer  and  solid  booster  are 
thrusting  as  the  vehicles  leaves  the  tower. 

Jon  R.  Busse 
Aerobee  Vehicle  Manager 
Goddard  Space  Flight  Center 
NASA 
Greenbelt,  Md. 

The  photo  in  question  was  supplied  by 
NASA  and  bore  a  caption  identifying  the 
sounding  rocket  as  an  Atlantic  Research 
Corp.  Iris.  M/R  should,  however,  have 
spotted  it  as  an  Aerobee  by  its  two  sets 
of  fins. — Ed. 

Write  for  Data  Sheet  999. 
Vitro  Electronics,  919  Jesup-Blair  Dr. 
Silver  Spring,  Maryland 
A  Division  of  Vitro  Corp.  of  America 

SPECIFICATIONS 

SSP-136 
Pass  Band  134-138mc 
Noise  Figure  4db  max. 

SSP-101 
Pass  Band  .225-260mc 
Noise  Figure  4.5db  max. 

Common  to  both  units 
Uniformity  of  Response.  .  .Within  3db 
Gain  25db  minimum 
Output  Imp.  Operates  in  50  ohm  system 
Power  Requirements  .12  v.  dc  at  12  ma 
Weight  19  ounces 
Size  Diameter  2/2",  length  &Yz" 
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The  term  "Military  Command  Technology"  may  be  new  to  you. 
However  it  stands  for  a  principle  that  is  as  old  as  war  itself  — 

the  ability  to  detect  attack  and  retaliate. 

Today  this  ability  requires  big  and  complex  electronic  systems. 
Their  domain  is  the  earth,  the  atmosphere  around  it,  the  infinite  reaches 

of  space.  The  concept  behind  them  encompasses  this  nation's  overall 
military  strategy  —  present  and  anticipated.  It  includes  all  levels  of 

civilian  and  military  decision  making.  It  provides  for  war  plans, 
communications,  intelligence,  control  of  all  forces,  deployment  of  sensors, 

surveillance  of  space,  logistics,  support  operations,  and  survival. 

The  design  and  development  of  such  systems  is  the  basic  work  of  MITRE. 
SAGE,  MIDAS,  NORAD  Combat  Operations  Center,  BMEWS  are 

among  the  many  inter-related,  constantly  evolving  systems. 
More  challenging  systems  are  being  planned. 

MITRE  is  made  up  of  scientists  and  engineers  who  are  responsible  for 
some  of  the  most  important  work  now  being  done  in  the  electronic 

systems  field.  There  is  room  for  more  such  men  in  the  three  major  groups 
of  the  corporation  —  Systems  Planning  and  Research;  Systems 

Engineering,  and  Control  and  Sensor  Systems  Development. 

MITRE  is  located  in  pleasant  suburban  Boston.  Openings  are  also 
available  in  Washington,  D.  C.  and  Colorado  Springs. 

Minimum  requirements,  B.S.,  or  M.S.,  or  Ph.D.  Rewards  are  competitive. 

If  you  are  interested  in  playing  an  important  part  in  MITRE's  work 
for  national  defense  —  in  advancing  this  new  science 

with  an  old  purpose,  Military  Command  Technology  — 
you  are  invited  to  write,  in  confidence,  to  Vice  President 
—  Technical  Operations,  The  MITRE  Corporation, 

Box  208,  Dept.  WF12,  Bedford,  Mass. 

MITRE  is  an  independent,  nonprofit  corporation 
working  with  —  not  in  competition  with 

—  industry.  Formed  under  the  sponsorship  of 
the  Massachusetts  Institute  of  Technology, 
MITRE  serves  as  Technical  Advisor  to  the 

Air  Force  Electronic  Systems  Division 
and  the  Federal  Aviation  Agency. 

THE  I 

MITRE 
w.i;ij.i.n«.i;i 
An  Equal  Opportunity  Employer 
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The  Countdown 

WASHINGTON 

Skepticism  Over  RS-70  Missile 
Although  concern  over  RS-70  development  problems 

has  been  directed  publicly  to  the  data-gathering  and  dis- 
play systems,  Department  of  Defense  also  has  serious 

reservations  about  development  of  a  suitable  stand-off 
missile  for  the  aircraft.  According  to  DOD  officials,  the 
missiles  would  have  to  be  carried  internally  and  would 
have  a  shorter  range  than  Skybolt.  A  new  propulsion  and 
guidance  system  also  would  have  to  be  developed. 

NASA  Solid  Booster  Details 

New  NASA  solid  booster  for  flight  qualification  of 
Apollo  spacecraft  modules  and  systems  (M/R,  April  9, 
p.  9)  will  have  a  thrust  of  250,000  lbs.  Redstone  pad 
No.  5  at  Cape  Canaveral  will  be  modified  to  accommo- 

date the  new  booster. 

PMR  Constellation  Monitors  Satellites 

Signals  from  a  number  of  orbiting  satellites  were 
monitored  by  a  Pacific  Missile  Range  WV-2  Lockheed 
Constellation  during  a  globe-circling  flight  eastward  from 
PMR.  During  the  flight,  the  aircraft's  20-man  crew  re- 

placed one  Atlantic  Missile  Range  ship  for  the  MA-6 
orbit  performing  a  stand-by  mission  over  the  Indian 
Ocean  during  the  Glenn  flight.  The  aircraft  normally  is 
assigned  to  frequency  interference  control  operations  for 
PMR. 

Air  Force  Bioastronautic  Spending 

Aerospace  Medical  Division  of  AF  Systems  Com- 
mand will  have  spent  a  budget  of  $15  million  by  June 

30 — just  seven  months  after  its  conception.  This  does  not 
include  a  $6.3-million  construction  program  at  home 
base,  Brooks  AFB,  San  Antonio,  Tex.  Nor  does  it  include 
the  Air  Force  share  of  39%  of  NASA's  space  medicine 
budget  which  goes  to  DOD  this  year.  By  comparison, 
NASA's  FY  1962  space  medicine  budget  totals  $17,- 244,000. 

NASA  Tries  Out  New  Incentive  Contract 

NASA  is  experimenting  with  a  new  type  of  cost  in- 
centive contract  based  on  overhead.  Currently,  one  such 

contract  has  been  awarded.  If  it  works,  more  will  follow 

Russians  Ignore  Samos  Classification 

How  effective  is  the  Pentagon's  new  classification  of 
the  Samos  spy  satellite  system?  In  an  article  in  Moscow's 
Red  Star  on  March  18,  Lt.  Col.  V.  Larionov — identified 
as  a  "candidate  of  military  sciences" — writes  that  for  the 
reconnaissance  of  land  targets,  the  U.S.  plans  "to  launch 
into  orbit  20  experimental  models  of  the  Samos  system 
and  in  the  following  years  an  additional  eight  satellites 

a  year." 
Pershing  Has  Its  Problems 

Despite  the  successful  launch  program,  Martin's  solid- 
fueled  Pershing  missile  is  having  its  share  of  difficulties. 
The  Army,  in  fact,  has  scheduled  four  specially-instru- 

mented missiles  to  try  to  verify  computer  explanations 
of  the  problem.  The  first  was  fired  last  week  (see  M/S 
Week).  Difficulties  appear  to  be  centered  in  the  warhead 
section  of  the  missile — particularly  during  re-entry. 

missiles  and  rockets,  April  16,  1962 

Initial  Gemini  Flight  Is  Slipping 

First  flight  of  NASA's  Project  Gemini  two-man  space- 
flight series  may  slip  into  1964.  Reason:  time  required 

for  construction  of  launch  facilities.  NASA  estimates 
modification  of  launch  pad  19  for  the  Titan  II  booster 
will  take  20  months.  This  would  make  it  available  too 
late  for  Gemini's  1963  launches. 

INDUSTRY 

Apollo  Guidance  Contracts  Due 
Industrial  contracts  for  the  Apollo  spacecraft  guidance 

and  control  system  are  to  be  awarded  by  NASA  within 
six  weeks.  Three  firms  are  to  share  in  the  work  initially. 
Others  may  be  added  later. 

Civil  Defense  Rocket  Contract  Awarded 

A  pyrotechnic  rocket  is  under  design  and  development 
by  Rocket  Power,  Inc.,  of  Mesa,  Ariz.,  for  use  as  a  sup- 

plemental outdoor  warning  signal  in  event  of  impending 
nuclear  attack.  The  rocket  would  be  positioned  on  power 
lines  and  be  triggered  by  an  electrical  impulse  transmitted 
through  the  lines.  Contract  was  awarded  by  the  Office 
of  Civil  Defense. 

More  F-l  Stands  for  Edwards  AFB 

Three  more  F-l  engine  test  stands  will  be  built  at 
Edwards  AFB  for  NASA  acceptance  tests.  Stands  will 
have  single-engine  capability  and  will  use  a  common 
blockhouse.  Completion  is  slated  for  late  next  year. 

New  PMR  Launch  Complex  for  Spacecraft 
Two  new  launch  sites  at  the  Pacific  Missile  Range 

Point  Arguello,  Calif.,  facility  are  to  go  operational  this 
month  in  support  of  PMR  spacecraft  operations.  One  is 
the  first  to  be  built  for  NASA  at  PMR.  It  will  be  used 
in  the  Scout  program  to  launch  various  payloads  into 
orbit  for  NASA,  AF  and  Navy  programs.  The  other  site, 
under  Navy  management  control,  is  a  multi-purpose 
launch  complex  capable  of  handling  high-altitude  probe- 
type  vehicles  with  up  to  150,000  lbs.  thrust.  The  two 
use  a  common  control  center. 

INTERNATIONAL 

ELDO  Gets  Go-Ahead  from  Members 
The  European  Launcher  Development  Organization 

is  now  in  business.  Sufficient  member  states — including 
Britain,  France,  West  Germany  and  Italy — have  signed 
the  intergovernmental  convention.  Australia,  Belgium 
and  the  Netherlands  are  expected  to  follow.  European 
industry  is  welcoming  ELDO  as  a  means  of  getting  a 
space  program  under  way,  but  expects  it  to  go  out  of 
business  in  a  few  years  as  its  functions  are  taken  over  by 
Eurospace,  the  cartel  of  European  missile,  electronics  and 
engineering  firms. 

European  Space  Symposium  Set 
A  three-day  symposium  on  exploration  of  near-space 

is  being  organized  by  the  Soci6te  Francaise  d'Astronau- 
tique  in  conjunction  with  the  British  Interplanetary  So- 

ciety. It  will  be  held  at  UNESCO  Palais,  Avenue  de 
Suffren,  Paris  7,  from  June  1 8-20.  Requests  for  informa- 

tion should  be  forwarded  to  the  Societe  Francaise  d'Astro- 
nautique,  94  Boulevard  Hausemann,  Paris  (8e),  France. 
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The  Missile / Space  Week m©  IR  Report 

Wide  Range  of  Standards 

In  Thermistor  Bolometers 

Typical  servotherm  8  infrared  thermistor 
bolometer  (actual  size) 

Detection  of  radiation  in  the  infrared 
spectrum,  as  fast  as  a  fraction  of  a 
millisecond  response  time,  is  simpli- 

fied by  the  use  of  standard  servo- 
therm  *' infrared  detectors  and  pre- 

amplifiers. A  typical  thermistor  bo- 
lometer assembly  consists  of  an  active 

flake  which  receives  the  IR  radiation 
and  a  matched  compensating  ele- 

ment, shielded  from  radiation.  The 
two  flakes,  attached  to  a  heat  sink 
which  in  part  determines  sensitivity 
and  speed  of  response,  form  a  bridge 
circuit  compensating  for  changes  in 
ambient  temperature.  A  variety  of 
window  materials  permits  selection 
of  the  specific  spectral  region  to  be 
sensed.  Besides  many  standard  mod- 

els, Servo  also  supplies  custom  bo- 
lometer designs,  including  high-am- 

bient, multi-element,  wide  angle,  and 
immersed  types.  Continuing  ad- 

vances in  production  techniques  have 
reduced  bolometer  costs  while  im- 

proving performance  and  reliability 
characteristics  for  the  most  rigid 
military  requirements. 

From  a  complex  infrared  system 
to  a  simple  infrared  lens . . . 
look  to  the  Servo  solution 

Send  for  new  servo/infrared  brochure 
and  handy  file  folder.  Details  Servo's  IR capability  in  depth. 

/gX  SERVO  CORPORATION 
Kjif      OF  AMERICA 
111  New  South  Road  •  Hicksville,  L.  I.,  N.  Y.  •  WE  lis  8-9700 

Centaur,  S-51  Shots  Delayed 
Technical  difficulties  forced  NASA 

to  postpone  a  heralded  "space  double- 
header"  scheduled  for  last  week. 

The  first  launch  of  Centaur  was 
scrubbed  on  April  11  because  of  fuel 
pressurization  problems  in  the  Atlas 
first  stage.  Officials  said  a  delay  of 
at  least  24  hours  would  be  required 
and  further  slippage  was  possible. 

The  launch  of  the  S-51  U.S.-Brit- 
ish  satellite  was  also  postponed  on 
April  10  because  of  a  launch  vehicle 
malfunction. 

No  new  launch  date  has  been  set, 
but  a  delay  of  two  weeks  was  fore- 

cast by  the  space  agency. 

Shots  of  the  Week 

A  terse  AF  announcement  from 
Point  Arguello,  Calif.,  confirmed  the 
successful  launching  April  9  of  an 
Atlas-Agena  B  carrying  a  classified 
satellite  package. 

However,  AF  officials  not  only 
refused  to  disclose  whether  the 
satellite  was  a  Midas  or  Samos  re- 

connaissance satellite,  but  also 
would  not  say  if  the  Agena  vehicle 
had  gone  into  orbit. 

Among  the  components  aboard 
the  satellite  vehicle  was  an  unclassi- 

fied proton  damage  experiment  to 
measure  space  radiation  effects. 

In  other  firings: 
•  An  Atlas  F  ICBM  blew  up  on 

its  pad  at  Cape  Canaveral,  April 
9,  causing  heavy  damage  within  its 
launch  area  and  delaying  the  missile 
test  program  about  six  weeks  until 
repairs  are  effected. 

The  missile — heavily  instrumen- 
ted to  obtain  data  on  previous  test 

difficulties — exploded  just  as  the 
countdown  reached  zero.  Cause  of 
the  explosion  was  not  immediately 
available. 

Due  to  the  tapering  off  of  the 
Atlas  test  program,  the  extensively 
damaged  pad  was  the  only  one  of 
four  built  for  the  Atlas  program 
still  being  used  for  that  purpose. 
The  others  have  been  assigned  to 
other  programs. 

•  The  Army  successfully  fired  a 
Pershing  missile  from  Cape  Cana- 

veral April  4,  to  gather  data  on  the 
re-entry  conditions  of  the  missile's warhead. 

Following  a  short-range  trajec- 
tory in  order  to  simulate  severe 

climatic  conditions  at  liftoff,  the 
missile  impacted  in  a  pre-selected 

target  area  in  the  Atlantic  Ocean. 
The  Pershing  was  fired  from  its 

mobile  transporter-erector-launcher. 
However,  the  Army  stressed  that 
the  test  was  not  conducted  "under 
fully  tactical  conditions." •  A  Nike-Zeus  successfully  in- 

tercepted a  simulated  ICBM  warhead 
over  White  Sands  Missile  Range, 

N.M.,  April  5,  "well  within  the 
lethal  radius"  of  the  operational 
Zeus  warhead,  according  to  an  Army 
announcement. 

•  The  X-15  on  April  5  made  the 
third  in  a  new  series  of  flights  to 
evaluate  its  Minneapolis-Honeywell 
adaptive  control  system. 

A  prototype  for  a  similar  system 
to  be  used  in  the  Dyna-Soar  vehicle, 
the  M-H  system  was  used  through- 

out the  flight,  including  landing. 

Piloted  by  NASA's  Neil  Arm- 
strong, the  X-15  reached  an  altitude 

of  179,000  ft.  and  a  maximum  speed 
of  2830  mph. 

•  Russia  on  April  6  launched  its 
second  satellite  vehicle  in  three 
weeks,  according  to  an  announce- 

ment by  Tass. 
Called  Cosmos  II,  the  satellite 

was  launched  into  a  highly  elliptical 

Latest  Pershing  Flight 

ARMY'S  Martin  Pershing  is  fired  from  its 
transporter-erector-launcher  in  successful 
short-range  shot  on  April  4. 

10 Circle  No.  8  on  Subscriber  Service  Card missiles  and  rockets,  April  16,  1962 



orbit — apogee:  975  miles;  perigee: 
133  miles;  period:  102.5  min. 

The  objectives  of  the  Cosmos  II, 
according  to  Tass,  were  to  check  and 
improve  elements  of  space  vehicle 
construction  and  scientific  investiga- 

tions of  the  environment  of  outer 
space. 

Thiokol  Wins  Apollo  Award 

The  solid-propellant  tower  jetti- 
son motor  for  NASA's  Apollo  space- 

craft will  be  designed  and  built  by 
Thiokol  Chemical  Corp.'s  Elkton 
Div.,  the  Company  announced  last 
week. 

The  more-than-$l-million  con- 
tract was  awarded  to  Thiokol  by 

North  American  Aviation  Space  and 
Information  Systems  Div.  —  prime 
contractor  for  the  Apollo  command 
module. 

AFSC  Forms  Research  Division 

A  Research  and  Technology  Di- 
vision (Provisional)  has  been  es- 

tablished by  Air  Force  Systems 
Command  to  plan  and  manage  the 
Command's  basic  and  applied  re- 

search and  advanced  technology 
programs. 

The  new  division,  according  to 
AFSC  officials,  will  provide  the 
plans,  policies  and  procedures  to  be 
followed  by  the  Command  labora- 

tories. It  will  also  coordinate  the 
research  and  technology  program 
with  the  development  and  weapon 
systems  activities  within  AFSC. 

"The  creation  of  this  new  divi- 
sion," according  to  AFSC  spokes- 

men, "is  in  direct  support  of  the 
expressed  desires  of  the  Secretary 
of  Defense  to  strengthen  the  labora- 

tory structure  and  to  improve  the 
in-house  technical  capabilities  of  the 
Armed  Services." 

The  Research  and  Technology 
Division  will  be  commanded  by 
Colonel  Joseph  M.  Silk,  currently 
Deputy  Chief  of  Staff  for  Research 
and  Technology  at  AFSC.  The  Divi- 

sion will  be  initially  housed  at  AFSC 
headquarters,  Andrews  AFB,  Wash- 

ington, D.C. 

New  Saturn  Pad  Going  Up 

Construction  will  begin  this 
month  at  Cape  Canaveral  on  the 
second  launch  pad  for  NASA's  Sat- 

urn C-l  booster. 
A  $4,540,000  construction  con- 

tract for  the  new  pad  was  recently 
awarded  to  the  Blount  Brothers  Con- 

struction Co.  of  Montgomery,  Ala. 
Work  under  the  new  contract 

will  include  construction  of  a  233- 

ft.-high  umbilical  tower,  a  launch 
pedestal,  automatic  ground  control 
building,  fuel  storage  and  handling 
facilities  and  extension  of  tracks  for 
the  mobile  3500-ton  steel  service 
tower. 

The  contract  also  calls  for  neces- 
sary site  utilities  and  other  im- 

provements to  be  made  by  the  Mont- 
gomery firm. 

Work  on  the  second  pad  is  sched- 
uled to  be  completed  by  June,  1963. 

Many  items  of  construction  are  set 
for  completion  at  earlier  dates. 

The  giant  Saturn  rocket  will  be 
used  to  launch  heavy  payloads  into 
space  and  to  test  the  Apollo  space- 

craft, which  will  carry  three  men  to 
the  moon  on  the  Advanced  Saturn 
vehicle. 

TFX  Missile  Development  Pushed 

Both  the  Air  Force  and  the  Navy 
are  continuing  development  of  a  mis- 

sile to  be  carried  by  the  TFX  (F-lll) 
aircraft — although  eventually  the  de- 

signs of  the  individual  services  will 
be  combined  into  a  single  missile 
system. 

Navy  R&D  efforts  center  around 
adapting  the  cancelled  Eagle  missile 
program  to  the  greater  performance 

demands  of  the  TFX  aircraft.  Pro- 
posals for  the  development  of  a  test 

missile  for  performance  evaluation 
are  expected  imminently  from  four 
companies  —  Bendix,  Grumman, 
Hughes  and  Raytheon. 

The  Air  Force  program  is  ex- 
pected to  be  a  growth  version  of  the 

Falcon  family  of  air-to-air  missiles. 
The  AF  version  will  probably  be 
based  on  the  Falcon  GAR-9,  designed 
to  carry  a  nuclear  warhead. 

Both  services  are  pursuing  pro- 
grams to  insure  a  missile  responsive 

to  their  individual  missions.  The  de- 
cision on  the  ultimate  missile  to  be 

produced  will  not  be  made  for  at 
least  a  year,  about  the  same  time 
that  the  earliest  TFX  flying  proto- 

types are  available. 

New  Rules  for  Non-Profits 

The  long-awaited  Budget  Bureau 
study  of  non-profit  organizations 
working  for  the  government  is  ex- 

pected to  be  finished  within  two weeks. 

The  report — first  due  last  Decem- 
ber, then  deferred  to  March — is  ex- 

pected to  call  for  a  general  "stiffen- 
ing" of  the  rules  covering  non-profit 

corporations. 

INERTIAL  GUIDANCE 

Represents 
one  of 
many 

applications 

flutocollimation 
to  solve 

Alignment 
Problems 
of  a  highly 

precise nature. 
The  KERN  DKM2 

When  equipped  with  the  new  No.  356  Autocollimating  Eyepiece, 
this  famous  one-second  theodolite  has  a  total  magnification  of  23x  and 
an  operating  range  from  zero  to  at  least  100  feet  for  autocollimation. 

The  FINEST  in  SURVEYING  EQUIPMENT 

KERN  INSTRUMENTS  INC 
120  Grand  St.,  White  Plains.  N.  Y. 
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In  early  House  action  .  .  . 

NASA  Budget  Escapes  Big  Cuts 

by  Hal  Taylor 

STRONG  SUPPORT  of  the  Admin- 
istration's space  program  is  expected  to 

continue  this  week  as  NASA's  budget 
request  of  $3.7  billion  for  Fiscal  1963 
moves  to  the  House  Space  Committee. 

Subcommittees  voted  to  cut  only 
some  $120  million  from  NASA's  au- 

thorization bill.  Little,  if  any,  further 
change  is  expected  in  the  full  commit- 

tee, according  to  Congressional  sources. 
Action  by  the  committee  is  expected 

within  a  few  days. 
The  cut  is  minor  when  compared  to 

the  space  agency's  total  funding  request. 
Specific  programs,  however,  felt  the 
sharp  edge  of  the  Congressional  knife. 

•  Some  slashes — NASA's  funding 
requests  for  manned  spaceflight  were 
slashed  by  $85  million.  Most  of  this — 
about  $50  million — will  come  out  of  the 
Nova  booster  program.  Construction  of 
facilities  for  the  large  launch  vehicle  was 
hardest  hit  by  the  subcommittee  action. 

Details  of  the  remaining  $25  million 
cut  in  Projects  Mercury,  Gemini  and 
Apollo  were  not  disclosed,  but  one  Con- 

gressman said  they  were  also  centered 
in  new  facility  construction. 

The  subcommittees  on  scientific  sat- 
ellites and  lunar  and  interplanetary 

spacecraft  voted  to  cut  $32  million  from 
the  funds  request  for  those  programs. 
It  rejected  completely  NASA's  $10.4- 
million  request  for  authority  to  go  ahead 
with  the  Prospector  spacecraft  series. 

The  subcommittees'  report  asked 
that  NASA  establish  a  list  of  priorities 
to  determine  which  satellite  programs 
would  feel  the  effects  of  the  remaining 
$22-million  reduction. 

It  was  also  learned  that  the  subcom- 
mittee considering  the  authorization  re- 
quests for  tracking  and  data  acquisition 

programs  had  approved  a  slight  cut. 
Specific  details  were  not  disclosed,  but 
one  member  said  the  cut  of  about  $10 
million  would  mainly  affect  new  con- 
struction. 

Two  major  NASA  programs,  the 
Office  of  Applications  and  the  Office  of 
Advanced  Research  and  Technology, 
escaped  unscathed.  The  subcommittee 
considering  their  funding  requests  voted 
unanimously  for  complete  approval. 

•  Prospector  indecision  —  NASA 
officials  refused  to  comment  on  the  sub- 

committee's action  in  withholding  ap- 
proval for  the  Prospector  program.  The 

spacecraft  was  originally  planned  to 
land  anywhere  on  the  moon  and  travel 
across  the  lunar  surface  during  explora- 

tion missions. 
Later,  however,  NASA  changed  the 

Prospector  mission,  deciding  it  would 
be  better  utilized  as  a  supply  vehicle 
to  support  a  manned  lunar  landing. 

NASA  also  had  not  decided  whether 
Prospector  would  be  managed  by  the 
Lunar  and  Planetary  Spacecraft  Office 
or  the  Office  of  Manned  Space  Flight. 

The  space  agency's  indecision  con- 
tributed greatly  to  the  subcommittee's action.  One  member  declared  that  the 

subcommittee  could  not  authorize  a  pro- 
gram when  NASA  still  had  not  decided 

just  what  it  was  to  be. 
Subcommittee  members  also  felt  that 

the  Prospector  mission  could  be  filled 
by  simply  adding  a  few  more  experi- 

ments to  the  Surveyor  lunar  soft-landing 
spacecraft.  Such  action,  they  said,  would 
eventually  save  $200  million. 

The  full  committee's  report  will  em- 
phasize that  if  NASA  feels  its  programs 

will  be  hurt  by  the  reductions,  it  can 

submit  a  supplemental  Fiscal  '63  re- 
quest later. 

Mercury  7  a  Month  Away 

AMERICA'S  second  manned  or- 
bital spaceflight  is  now  tentatively 

scheduled  for  the  last  two  weeks  in May. 

Checkout  for  the  Mercury  capsule 
for  the  MA-7  flight  has  just  about 
been  completed  at  Cape  Canaveral, 
according  to  NASA  officials.  It  is  ex- 

pected to  be  mated  to  its  Atlas  booster 
in  a  couple  of  weeks. 

If  normal  launch  pad  checkout 
procedures  are  followed,  slippage  of 
the  launch  date  into  June  is  possible. 

The  late  launch  date  means  that 
three  months  will  have  passed  since 
the  first  U.S.  manned  orbital  space 
flight  with  astronaut  John  Glenn  at 
the  controls.  This  will  leave  only  time 
for  perhaps  one  more  three-orbit  mis- 

sion before  Project  Mercury's  18-orbit 
flight  series  starts  early  next  year. 

Four  such  three-orbit  flights,  in- 
cluding MA-7,  were  planned  by 

NASA.  If  the  next  flight — with  astro- 
naut Malcolm  S.  Carpenter — is  suc- 

cessful, the  space  agency  may  decide 
to  drop  the  remainder. 

•  Reefs  ahead — While  the  subcom- 
mittees' consideration  was  comparatively 

favorable,  larger  reductions  lie  ahead 
Once  final  space  committee  action 

is  taken,  the  bill  will  then  move  to  the 
House  floor,  where  more  heated  opposi- 

tion is  expected.  Missiles  and  Rockets 
learned  that  during  consideration  of  the 
manned  space  flight  budget,  two  mem 
bers  of  the  subcommittee  called  for  a 
funds  slash  of  $200  million. 

This  opposition  may  again  crop  up 
during  the  floor  debate.  Added  to  it  will 
be  traditional  conservative  approach  of 
Republican  and  southern  Democratic 
members  of  the  House. 

Once  the  authorization  bill — which 
merely  gives  NASA  permission  to  en- 

gage in  certain  programs — is  approved 
by  Congress,  the  House  Appropriations 
Committee  will  decide  just  how  much  of 
the  authorized  funds  should  be  appro- 

priated for  NASA  use. 
•  Friendly  Senate — The  same  con- 

gressional path  must  be  taken  by  both 
the  authorization  and  the  appropriation 
bills  in  the  Senate.  Traditionally,  how- 

ever, the  Senate  is  far  more  lenient  in 
money  matters  than  the  House. 

This  was  sharply  illustrated  late 
last  week,  as  the  Senate  Appropriations 
Committee  voted  to  approve  all  of 
NASA's  supplementary  Fiscal  1962  re- 

quest for  $85  million  for  research  and 
development  and  $71  million  for  new 
construction. 

Earlier,  the  House  Appropriations 
Committee  approved  only  $80  million 
of  the  R&D  request — and  balked  com- 

pletely at  the  construction  budget  be- 
cause legislation  authorizing  it  had  not 

yet  been  approved. 
Members  of  the  House  committee 

said  they  did  not  oppose  the  construc- 
tion funds,  and  that  approval  would  be 

given  as  soon  as  authorization  was obtained. 
With  $5  million  separating  the  two 

houses  of  Congress  in  the  R&D  request, 
it  is  expected  that  a  conference  commit 
tee  will  split  the  difference  with  appro- 

priations of  $82.5  million  being  ap 

proved. 
The  original  $85  million  request 

called  for  $50  million  for  the  Advanced 
Saturn,  $9  million  for  Centaur  and  $26 
million  for  the  M-l  liquid  hydrogen- 
liquid  oxygen  engine.  It  will  be  up  to 
NASA  to  decide  which  programs  will 
feel  the  sting  of  any  reduction.  8 
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Douglas  Winds  Up  Its 

Testimony  on  Profit  Margins 

Firm  gives  no  further  explanation  of  figures  involved  in 

Nike  launcher-loader  contract;  Western  Electric  to  appear 

DOUGLAS  AIRCRAFT  CO.  exec- 
utives, after  three  days  of  disputing 

McClellan  committee  figures  on  their 
Nike  profit  margin,  last  week  quietly 
acquiesced  in  the  accuracy  of  the  com- 

mittee's data,  promised  to  submit  rec- 
ommendations for  improving  military 

procedures,  and  went  home. 
"We  have  no  question  of  the  integ- 

rity and  motives  of  the  committee," 
company  president  Donald  W.  Douglas 
told  Sen.  John  L.  McClellan  (D-Ark.), 
chairman  of  the  Senate  Permanent  In- 

vestigations Subcommittee. 
"We  appreciate  this  opportunity  to 

help  the  committee  in  its  investigation," 
Douglas  added. 

Left  unanswered  by  the  unexpected 
exodus  of  Douglas  officials  were  figures 
introduced  in  the  previous  day's  testi- 

mony by  Thomas  E.  Nunnally,  of  the 
Government  Accounting  Office,  pur- 

porting to  show  that  Douglas  had  re- 
ceived a  fee  of  $1,211,771  on  a  single 

contract  for  Nike  launcher-loaders, 
while  performing  only  $3316  worth  of 
work  on  the  contract. 

Douglas  told  the  committee  after 
Nunnally's  testimony  that  the  figures 
could  be  explained,  and  he  asked  for 
an  opportunity  to  do  so.  However,  on 
the  final  day  of  his  appearance  the  com- 

pany president  made  no  effort  at  an 
explanation — noting  only  that  the  par- 

ticular contract  in  question  was  a  fixed- 
price  incentive  award. 

In  winding  up  his  testimony,  Doug- 
las blamed  himself  for  the  dispute  with 

the  committee,  explaining  that  he  wor- 

THE  CHIEF  of  NASA's  manned 
lunar  landing  program  has  assured 
Congress  that  the  space  agency  is 
keeping  tight  control  over  contract- 

ing procedures  to  avoid  "profit  pyra- 
miding" in  the  Apollo  program. 

NASA  is  "very  careful  to  see 
what  percentage  (the  prime  contrac- 

tors) are  subcontracting  and  what 
percentage  they  contribute,"  D. Brainerd  Holmes  told  the  Manned 
Space  Flight  Authorization  subcom- 

mittee of  the  House  Space  Com- mittee. 

NASA's  philosophy  in  this  area, 
Holmes  said,  is  to  make  sure  that 
prime  contractors  subcontract  "only 
to  the  extent  that  it  appears  to  be 
more  efficient  to  have  the  prime  do 

the  integration." 
ried  about  the  overall  state  of  the  busi- 

ness and,  therefore,  felt  that  the  real 
strength  of  the  business  as  reported  to 
the  stockholders  should  be  made  public. 

•  Semantic  struggle — The  principal 
point  of  contention  between  the  com- 

pany and  the  Senate  committee  was 
whether  the  $63.8  million  that  Douglas 
had  made  on  17  Nike  contracts  over 

the  course  of  eight  years  was  "profit" 

or  "fee." Douglas  contended  that  the  total 
sum  represented  a  fee  from  which  the 
company  had  to  deduct  expenses  of 
running  a  business  of  $34.01  million — 
leaving  a  real  profit  of  only  $29.8  mil- 
lion. 

Included  in  the  business  expenses 
were:  interest — $3.59  million;  specific 
development  projects — $24.93  million; 
advertising — $2.14  million;  amortization 
of  emergency  facilities — $1.3  million; 
and  miscellaneous — $2.05  million. 

In  defense  of  the  $63.8  million  fig- 
ure, however,  Douglas  told  the  com- 

mittee that  he  felt  that  it  was  "reason- 
able," and  must  be  viewed  in  light  of 

the  total  $888.93  million  work  done  by 
the  company  on  the  Nike  program. 

The  committee,  on  the  other  hand, 
contended  that  the  $63.8  million  re- 

ceived from  the  government  was,  in 
fact,  profit  on  the  Nike  programs.  Ad- 

mitting that  for  income  tax  purposes 
the  fee  would  be  reduced  to  cover  the 
business  expenses,  McClellan  argued 
that,  as  far  as  the  contracts  were  con- 

cerned, the  fee  was  profit. 
"You  had  the  money  in  the  bank," 

he  said,  "and  you  didn't  have  to  spend 
it  on  any  of  these  things"  (referring  to the  $34.01  million  items). 

•  Moving  on — McClellan  expected 
to  continue  the  hearings  with  appear- 

ances by  Army  officials  connected  with 
the  Nike  procurement  program  and  also 
representatives  of  the  prime  contractor, 
Western  Electric. 

The  hearings  will  then  move  on, 
probably  this  week,  to  the  fees  taken 
by  contractors  on  the  Bomarc  and  Atlas 

programs. Meanwhile,  H.  I.  Romnes,  president 
of  Western  Electric,  told  a  stockholders 
meeting  in  New  York  that  the  company 
did  not  profiteer  on  the  work  of  sub- 

contractors. He  charged  that  the  Senate 
investigators  were  guilty  of  statistical 
manipulation. 

"We  did  not  anticipate  that  sound 
and  traditional  business  practice  would 
be  characterized  as  profiteering  on  the 
work  of  others,"  Romnes  said.  The  com- 

pany reportedly  received  fees  of  $169.5 
million  for  its  Nike  work — $53.2  mil- 

lion of  which,  said  the  committee,  was 
profit  on  subcontracted  work. 

However,  Romnes  said,  "no  part  of 
(the  profits)  is  profit  taken  for  the 
work  of  others.  Every  cent  we  earned 

ourselves  by  what  we  did." 

DOD  Order  Intensifies  Secrecy  on  Space  Launches 

A  NEW  POLICY  on  Defense  Department  space  projects 
will  virtually  eliminate  all  official  information  on  this  seg- 

ment of  the  nation's  space  effort. 
The  ban  prohibits  use  of  popular  names  for  spacecraft — 

such  as  Midas,  Samos,  and  Discoverer.  It  also  classifies  identi- 
fication of  military  payloads. 

The  new  policy  forbids  advance  announcement  and  press 
coverage  of  military  space  launches  at  Cape  Canaveral, 
Point  Arguello  and  Vandenberg  AFB. 

The  text  of  the  order,  according  to  a  DOD  spokesman, 
is  classified  Top  Secret.  It  was  published,  without  announce- 

ment, by  Deputy  Defense  Secretary  Roswell  Gilpatric  on 
March  23. 

The  action  was  taken,  officials  said,  for  "national  secur- 

ity purposes." •  Opposition — The  change  in  policy  had  been  rumored 
in  the  Pentagon  for  some  time  (M/R,  Feb.  26,  p.  9). 
Sources  close  to  drafting  of  the  change  said  it  was  inspired 
by  the  White  House,  and  reflects  a  belief  that  much  published 
news  about  space  projects  benefits  only  the  Russians. 

The  effectiveness  of  the  ban  is  questioned  by  some  Penta- 
gon officials;  others  consider  it  excessive.  Among  the  latter 

is  the  DDR&E  head,  Dr.  Harold  Brown,  who  told  a  House 
Appropriations  subcommittee  recently  that,  as  far  as  space 
programs  are  concerned,  "there  is  a  tendency  to  overclassify 
Department  of  Defense  activities." 
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If  Congress  approves  .  .  . 

NASA  Construction  Goal:  $3  Billion 

Annual  request  for  several 

years  due  to  reach  $800  mil- 

lion; big  items  launch  com- 

plexes, test  stands 

NASA's  buildup  for  the  Manned 
Lunar  Landing  Program  will  push  its 
construction  costs  to  a  rate  of  about 
$800  million  annually  for  the  next 
several  years. 

"I  expect  the  construction  budget 
will  approximate  NASA's  Fiscal  '63  re- quest of  $818  million  for  three  or  four 
years,"  Col.  Thomas  J.  Hays  III,  direc- 

tor of  the  Army  Corps  of  Engineers 
NASA-support  office,  told  Missiles 
and  Rockets. 

This  would  push  the  total  construc- 
tion cost  of  the  space  agency's  buildup 

to  well  over  $3  billion.  The  total  price- 
tag,  however,  hinges  on  congressional 

approval  and  no  change  in  NASA's 
current  estimated  facilities  require- 
ments. 

Col.  Hays,  who  directs  most  of  the 

new  construction  work,  said  the  biggest 
items  will  be  the  launch  complexes  at 
Cape  Canaveral  and  vehicle  test  stands 
at  the  Mississippi  Test  Facility. 

His  estimate  was  backed  up  by  tes- 
timony of  NASA  officials  before  the 

House  Space  Committee. 
The  officials  set  the  cost  of  the 

Advanced  Saturn  and  Nova  launch 
complexes  at  Cape  Canaveral  at  about 
$700  million. 

Support  buildings  and  other  minor 
construction  will  bring  the  total  to 
about  $1  million. 

Test  stands  in  the  7.5-million  and 
12-million-lb. -thrust  class  at  the  Missis- 

sippi facility  were  estimated  to  cost 
$300  million.  Hundreds  of  millions  of 
dollars  more  will  be  required  for  the 
eventual  construction  of  test  stands  for 
large  solid  boosters  with  thrusts  up  to 
22  million  lbs. 

The  space  agency  officials  also  dis- 
closed that  new  projects — currently  in 

the  planning  stage — will  help  to  sky- 
rocket construction  costs. 

New  manufacturing  facilities  for 
the  first  and  second  stage  of  the  giant 
Nova  liquid  booster  will  be  required. 

Design  and  engineering  of  the  buildings 
— capable  of  turning  out  eight  com- 

plete vehicles  per  year — will  cost  $16 
million  in  Fiscal  '63. Whether  or  not  the  Nova  facility 
can  be  built  on  land  available  at  the 
Michoud,  La.,  launch  vehicle  plant  still 
has  not  been  decided.  If  not,  another 
Gulf  Coast  area  will  be  selected. 

Other  new  projects  include  Project 
Apollo  control  and  recovery  centers, 
Space  Radiation  Effects  Laboratory, 
new  facilities  for  the  M-l  engine  pro- 

gram and  an  Advanced  Saturn  dynamic test  facility. 

The  big  downpayment  on  NASA's construction  needs  will  be  made  in  Fis- 
cal '63.  The  $818.9  million  total  in- 

cludes $359.6  million  at  the  Atlantic 
Missile  Range;  $92.5  million,  Missis- 

sippi Test  Facility;  $14.4  million,  Ames 
Research  Center;  $1.8  million,  Flight 
Research  Center;  $23.8  million,  God- 
dard  Space  Flight  Center;  $10.3  million. 
Jet  Propulsion  Laboratory;  $8  million, 
Langley  Research  Center;  $43.8  million, 
Lewis  Research  Center;  $30.8  million, 
Manned  Spacecraft  Center;  $33.4  mil- 

lion,  Marshall   Space   Flight  Center; 

National  Aeronautics  and  Space  Administration 

Construction  of  Facilities-! 963  Programs 
AMES  RESEARCH  CENTER 

Bioscience  laboratory  0.92 
Mach  number  50  helium  tunnel  1.5 
Radiative  heat  system  for  mass 
transfer  facility  2.2 
Space  flight  guidance  research  facility  9.8 
Total  14.4 

ATLANTIC  MISSILE  RANGE 

No.  39  176.5 
Advanced  Safurn-Nova  supporting 
facilities  39.1 
Apollo  static  test  facility  5.0 
Nova  launch  complex  79.5 
Utility  installations  22 
Facility  planning  and  design  10 
Total  359.9 

FLIGHT  RESEARCH  CENTER 
Modifications  to  Saturn  launch Building  Additions 

1.3 

complex  No.  34 3.8 Visual  flight  simulator 0.5 
Modifications  to  Saturn  launch Total 

1.8 

complex  No.  37 

f.'i 

Modifications  to  provide  a  launch 
complex  for  solid  suborbital  vehicles 
Supporting  facilities 

J. 7 

3.0 

GODDARD  SPACE  FLIGHT 
CENTER 

Addition  to  assembly  facility Applied  Sciences  laboratory 3.2 
for  unmanned  spacecraft 

2.0 
Attitude  test  control  facility 0.9 

Explosive  safe  assembly  facilities Conversion  of  dynamic  test  chamber 3.2 
for  unmanned  spacecraft 0.45 Development  operations  facility 

1.8 

Apollo  mission  support  facilities 22.5 Launch  phase  simulator 
3.9 Modifications  to  Titan  II  launch  complex 2.4 Spacecraft  operations  facility 

7.5 

Utility  installations 
0.8 

Tracking  and  telemetry  laboratory 
3.2 Advanced  Saturn  Launch  Complex Total 23.8 

JET  PROPULSION 
LABORATORY 

Addition  to  fabrication  services  building  0.6 
Data  operations  and  command  facility  2.4 
Engineering  mechanics  building  0.3 
Additions  to  materials  research 
laboratory  0.6 
Telecommunications  laboratory  2.9 
Utility  installations  0.8 
Total  10.4 

LANGLEY  RESEARCH  CENTER 

Heating  plant  addition  0.86 
MHD  research  equipment  1.5 
10-megawatt  arc  tunnel  0.76 
Environmental  research  facilities  0.98 
Micrometeoroid  particle  accelerator  0.93 
Stabilization  &  control  equipment  lab.  1.4 
Vehicle  antenna  test  facility  1.7 
Total  8.1 

LEWIS  RESEARCH  CENTER 

Development  engineering  bldg.  4.7 
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$18.4  million,  Michoud  Plant;  $40  mil- 
lion, Nuclear  Rocket  Development  Sta- 
tion; $4.3  million,  Wallops  Station;  and 

$127.3  million,  at  various  locations. 

Fiscal  '63  bud-get  requests  for  other 
major  construction  projects  (in  millions 
of  dollars)  follow: 

•  Atlantic  Missile  Range — The  Ad- 
vanced Saturn  launch  complex  No.  39 

is  funded  at  $176.5.  NASA  estimates 
that  this  will  cover  40%  of  its  total  cost. 
This  will  include  site  development  and 
utility  installations,  $4.0;  Vertical  As- 

sembly and  Checkout  building,  $92.8; 
rail  transfer  system,  $8.4;  launch  pad, 
$5.6;  equipment  instrumentation  and 
support  systems,  $48.8;  design  and  en- 

gineering services,  $16.8. 
The  vertical  assembly  building  is 

budgeted  at  $40.6;  design  and  engineer- 
ing services,  $13.1;  and  site  develop- 

ment and  utility  installations,  $5.7. 
•  Mississippi  Test  Facility — Fiscal 

'63  funds  will  be  used  to  construct  one 
static  test  position  and  start  construc- 

tion of  a  second  test  position  for  the 
Advanced  Saturn.  The  $36-million  fund- 

ing is  about  40%  of  the  estimated  cost. 
It  includes  site  development  and  utility 
installation,  $1.1;  1st  test  stand,  $6.0; 
1st  test  stand  deflector,  $1.5;  2nd  test 
stand  foundation,  $1.1;  control  center, 
$1.6;  observation  bunkers,  $.02;  water 
storage  tanks,  $1.0;  propellant  storage 
tanks,  $2.0;  gas  storage  tanks,  $2.0; 
recording  instrumentation,  $3.0;  analog 
and  digital  systems,  $4.0;  vehicle  adap- 

tion hardware,  $2.4;  high-pressure  water 
pumps  and  distribution  system,  $3.8; 

propellant  transfer  system,  $1.6;  high- 
pressure  gas  transfer  system,  $1.0. 

The  Nova  stage  test  facilities  are 
funded  at  $43.0  million,  which  is  esti- 

mated to  be  25%  of  the  total  cost.  It 
includes  (in  millions),  site  development 
and  utility  installation,  $1.2;  first  stage 
test  stand,  $18.1;  first-stage  test  stand 
deflector,  $1.8;  second-stage  test  stand, 
$4.9;  observation  bunkers,  $.04;  record- 

ing instrumentation,  $4.3;  analog  to 
digital  system,  $4.2;  control  systems, 
$3.6;  propellant  systems,  $3.0;  and  de- 

sign and  engineering  services,  $8.5. 
•  Manned  Spacecraft  Center — 

Total  $30.8  million,  including  $10.6 
million  for  a  flight  acceleration  facility 
in  which  a  high-g  centrifuge  will  be 
used  to  simulate  a  large  number  of 
variables  and  conditions  which  will  be 
encountered  in  actual  manned  space 
flight.  Other  large  items  (in  millions), 
are  thermochemical  test  facilities,  $6.0; 
lunar  landing  simulation  facility,  $6.5; 
site  development  and  utility  installa- 

tions, $7.6. 
•  Lewis  Research  Center — Total 

$43.8  million,  with  the  major  item, 
$25.5  million  for  the  space  propulsion 
facility.  This  will  permit  the  evaluation 
and  development  testing  of  complete 
advanced  power  generation  and  electric 
propulsion  systems.  The  cost  (in  mil- 

lions) includes  site  development  and 
utility  installations,  $2.0;  facility  con- 

struction, $7.1;  equipment  instrumenta- 
tion and  support  systems,  $14.2;  and 

design  and  engineering,  $2.1. 
Other  construction  items  at  Lewis 

Spherical  Motor  Tested 
SPHERICAL  solid  rocket  motor,  17  in.  in 
diameter  and  loaded  with  140  lbs.  of  BFG 
high-performance  fuel  was  static-fired  for 
45  sec.  at  B.  F.  Goodrich  Rialto  plant. 
Navy-developed  motor  is  said  to  have 
"certain  (undefined)  advanced  capabilities." 

(in  millions)  are  development  and  engi- 
neering building,  $4.6;  hydrogen  heat 

transfer  building,  $2.4;  lunar  propulsion 
research  facility,  $6.2;  modernization 
and  reconditioning  of  Plum  Brook  serv- 

ice facilities,  $1.5  and  nuclear  rocket 
dynamics  and  controls  facility,  $3.5. 

(Details  of  each  NASA  center's  con- struction budget  are  included  in  the 
accompanying  chart.) 

Hydrogen  heat  transfer  facility 2.4 Modification  of  west  side  of  static 
Lunar  propulsion  research  facility 6.3 test  stand 

2.0 

Plum  Brook  modernization 7.5 Engineering  building 7.0 
Nuclear  rocket  dynamics  facility 3.5 Instrument  lab. 2.0 
Space  propulsion  facility 25.5 Support  facilities  in  west  area 

7.8 

Total 43.8 Utility  installations 

2.5 

Total 33.4 

MANNED  SPACECRAFT 
CENTER 

Flight  acceleration  facility  10.6 
Thermochemical  test  facilities  6.0 
Lunar  landing  simulation  facility  6.5 
Site  development  and  utility  installations  7.6 
Total  30.8 

MARSHALL  SPACE  FLIGHT 
CENTER 

Computation  division  addition  1.3 
Components  test  facility  4.0 
Components  and  subassembly 
acceptance  building  0.9 
Engineering  and  administration  building  2.5 
Expansion  of  instrumentation  systems 
in  west  area  4.0 
F-7  engine  test  stand  4.5 
Hydraulic  test  facility  0.3 
Low-temperature  facility  0.6 

MICHOUD  PLANT 
Modification  to  Michoud  plant  11.4 
High-pressure  test  facility  1.0 
Hydrostatic  test  and  cleaning  facility  3.0 
Vertical  assembly  building  3.0 
Total  1 8.4 

MISSISSIPPI  TEST  FACILITY 

Advanced  Saturn  stage  test  facilities  36.0 
Nova  stage  facilities  43.0 
Utility  installations  and  support  facilities  13.5 
Total  92.5 

NUCLEAR  ROCKET 

Stage  static  test  and  maintenance 
Stage  demoting,  maintenance  and 
disassembly  facilities 
Radiation  effects  facility 

Components  test  facilities  1.9 
Support  facilities  2.1 
Total  40.0 

VARIOUS  LOCATIONS 

Advanced  antenna  system,  Goldstone 
Advanced  Saturn  dynamic  test  facility 
Antenna  facility,  Johannesburg 
Antenna  facility,  Woomera 
Data  acquisition,  Far  East 
Data  acquisition,  Rosman 
F-l  engine  facilities 
J-2  engine  facilities 
M-l  engine  facilities 
Manned  space  flight  control  centers 
Space  radiation  effects  lab 
Nova  stage  manufacturing  facilities 
Total  1 

14.2 2.1 
5.0 
5.0 
6.0 
3.5 

25.0 
4.0 

16.0 
18.0 
12.4 
16.1 

27.3 

WALLOPS  STATION 

Advanced  data  acquisition 

7.5 

Range  control  modification  and 

20.2 expansion 
2.0 

Vehicle  checkout  facilities 0.8 
8.6 Total 4.3 

7.1 
Total  1963  Program 819 
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In  Fiscal  '63  budget .  .  . 

NASA  Farms  Out  More  Space  Medicine 

SOME  93%  of  NASA's  aerospace 
medicine  budget  for  1963  will  be  spent 
outside  the  NASA  laboratories  and 
centers. 

Brig.  Gen.  Charles  H.  Roadman, 
director  of  aerospace  medicine  in 
NASA's  Office  of  Manned  Spaceflight, 
said  in  Congressional  testimony  last 
week  that  35%  of  the  agency's  space 
medicine  money  is  earmarked  for 
Department  of  Defense  laboratories. 

Industry  will  get  30%  of  the  $19,- 
320,000  NASA  is  asking  for,  and  other 
government  agencies  will  get  20%.  Of 
this,  all  but  one-half  of  one  percent  will 
go  to  the  Atomic  Energy  Commission 
for  radiation  studies. 

Another  5%  will  go  to  support  re- 
search in  universities  and  non-profit  or- 

ganizations, and  the  remaining  7%  will 
be  kept  by  NASA  for  management,  test, 
and  integration  of  the  equipment  devel- 

oped into  spacecraft  systems. 
The  new  budget  plans  show  an  in- 

creased trend  towards  placing  NASA 
funds  in  outside  agencies.  In  FY  1962, 
about  85%  is  going  outside  NASA,  al- 

though DOD  is  getting  as  much  as  39% 
of  the  total  budget  for  aerospace  medi- 
cine. 

•  Radiation  prime  concern  —  As 
Roadman  pointed  out  before  the  House 
Committee  on  Science  and  Astronautics, 
radiation  is  a  critical  factor  this  year 
because  the  design  of  Gemini  and 
Apollo  spacecraft  must  be  frozen  at 
relatively  early  dates. 

The  $1.6-million  increase  in  radia- 
tion protection  funding  is  a  major  factor 

in  the  total  budget  increase  from  $17,- 
244,000  in  FY  '62  to  $19,320,000  re- 

quested for  '63. Roadman  said  that  the  Gemini 
earth-orbit  rendezvous  mission  may  en- 

counter a  radiation  problem  in  the 
event  of  a  highly  elliptical  orbit.  But 
for  Apollo,  he  added,  it  represents  a 
major  danger. 

An  especially  urgent  requirement, 
he  noted,  is  that  a  laboratory  study  be 
initiated  to  determine  the  effects  of  the 
interactions  of  all  the  kinds  of  radiation 
which  may  be  encountered  in  the 
Apollo  mission. 

Roadman  also  called  for  the  deter- 
mination of  the  effects  of  protons  on 

living  tissue.  He  pointed  out  that  most 
of  the  previous  AEC  work  dealt  with 
neutrons,  since  neutrons  and  gamma 
rays  are  the  principal  radiations  from 

nuclear  weapon  detonations.  However, 
protons  are  the  principal  particles  found 
in  solar  flare  emissions  and  in  the  Van 
Allen  belt. 

Shielding,  dosimetry  techniques, 
drugs,  data  correlation  and  test  and 
evaluation  are  other  areas  in  which 

Los  Angeles — American  fears  that 
the  Soviet  Union  is  driving  hard  for  a 
military  capability  in  space  are  com- 

pletely unfounded,  Britain's  Sir  A.  C. Bernard  Lovell,  director  of  the  Nuffield 
Radio  Astronomy  Laboratories,  Jodrell 
Bank,  told  M/R  last  week. 

"I  can  find  no  substance  whatsoever 
for  this  attitude  expressed  by  your  mili- 

tarists," he  said.  "On  the  contrary,  all 
the  indications  are  that  the  Russian 
space  activities  are  very  closely  chan- 

neled through  their  academy.  And  I 
think,  in  fact,  one  would  be  quite  justi- 

fied in  making  the  opposite  remark — 
that  in  the  very  major  part  of  your  sci- 

entific space  programs  carried  out 
through  NASA  you  do  obviously  have 

many  military  programs." Lovell  made  the  comment  during  a 
visit  to  Space  Technology  Laboratories, 
Inc.,  Los  Angeles,  with  which  Jodrell 
Bank  has  worked  closely  in  tracking 
U.S.  space  probes. 

"There  is  not  the  slightest  evidence 
that  the  Russians  have  these  (military) 

space  programs,"  Lovell  declared.  His 
opinions,  he  said,  were  based  both  on 
the  close  cooperation  Jodrell  Bank  has 
had  with  Russia  in  tracking  of  Soviet 
space  vehicles  and  on  visits  to  his  Rus- 

sian colleagues. 
Lovell  suggested  that  the  U.S.  does 

not  fully  appreciate  the  fact  that  "the Russians  regard  the  battle  with  the 
West  not  as  a  battle  to  be  fought  with 
a  hot  war,  but  with  a  cold  war  to  be 
fought  on  the  scientific  and  technologi- 

cal front."  He  said  the  Russians  had 
forced  the  issue  in  this  direction  with 
their  space  activities. 

"An  extremely  important  decision 
was  made  by  your  president  when  he 
decided  to  join  issue  in  the  so-called  race 
to  the  moon.  By  doing  this,  he  has 
implied  that  both  the  Russians  and  the 
Americans  are  going  to  continue  and 

NASA  plans  further  work  in  under 
radiation  protection. 

Roadman  also  said  that  the  rela- 
tively small  increase  in  aerospace  medi- 
cine was  due  to  the  fact  that  the 

Mercury  project  is  phasing  out  while 
Gemini  and  Apollo  are  building  up.  8 

enhance  the  expenditure  on  their  space 
programs,  which  must  already  be 
amounting  to  something  like  5  or  10% 
of  the  military  budget.  This  is  only  the 
beginning.  When  it  comes  to  getting 
men  towards  the  moon  and  then  to  the 

planets,  you  will  be  involved  in  some- 
thing like  30%  of  your  military  bud- 

get," the  British  astronomer  said.  As  a 
result  of  this,  he  added,  "the  contentious 
issues  are  going  to  pass  from  this  world 

to  outer  space." The  Russians  see  the  space  race  as 
a  way  to  spread  their  influence  and 
catch  the  world  markets.  "The  last 
thing  they  want  to  do  is  fight  a  war," Lovell  maintained. 

•  Red  tapes — In  relating  how  Jod- 
rell Bank  had  cooperated  with  Russian 

colleagues  in  the  Soviet  space  effort, 
Lovell  said  two  Russians  had  worked 
at  Jodrell  for  more  than  a  week  trying 
to  find  signals  from  the  Soviet  Venus 
probe.  He  said  he  didn't  know  whether 
they  had  contacted  the  spacecraft  be- 

cause "the  Russian  scientists  took  away 
the  tapes  of  the  records  which  were 

obtained  during  their  stay  with  us." 
Asked  if  this  seemed  like  coopera- 

tion on  the  part  of  the  Russians,  Lovell 
said,  "Well,  we  made  copies." 

The  astronomer  said  Jodrell  is  spend- 
ing about  one-third  of  its  time  trying 

to  settle  the  issue  of  whether  we  live 
in  a  "steady-state"  or  evolutionary  uni- 

verse. The  Jodrell  studies  do  not  agree 
with  a  claim  by  Cambridge  that  there 
there  is  evidence  supporting  the  evolu- 

tionary theory,  he  added,  and  no  con- 
clusion is  possible  at  this  time. 

The  steady-state  theory  accounts  for 
expansion  of  the  universe  by  proposing 
that  matter  is  continually  created  in 
space  between  the  galaxies,  forcing 

them  apart.  The  evolutionary,  or  "big 
bang"  theory  holds  the  expansion  started 
with  explosion  of  a  huge  superatom.  8 

Lovell  Hits  U.S.  Space  Fears 
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Parts  with  a  single  purpose  — Success  with  safety 

In  a  spacecraft  an  internal  flaw  in  any  one 
component  can  cause  malfunction.  So  McDonnell 
Aircraft  Corporation  uses  radiography 
extensively  in  the  NASA  Mercury  Project. 

Radiograph  showing  internal  conditions 
of  transistors,  diodes  and  resistors  for 
miniaturized  instrumentation. 

The  Mercury  Spacecraft  designed  and 
constructed  by  McDonnell  Aircraft 
Corporation,  St.  Louis,  Mo. 

In  the  design  and  construction  of  the  NASA  Mercury 
Spacecraft,  McDonnell  Aircraft  must  supply  the 

greatest  safety  for  the  astronaut,  the  saving  of  weight  and 
the  best  use  of  limited  space. These  considerations  call  for 

instrumentation  as  perfect  as  man  can  make  it — and 
as  small. 

To  be  as  certain  of  this  perfection  as  possible,  McDonnell 
employs  radiography,  both  for  parts  they  produce  and 
those  provided  by  suppliers.  This  includes  the  inspection 
of  transistors,  resistors  and  diodes  to  determine  the  posi- 

tion of  internal  contacts  or  reveal  any  imperfections  which 
might  cause  malfunction. 

Today  the  use  of  radiography  as  an  inspection  tool 
extends  from  castings  and  welds  to  all  kinds  of  enclosed 
assemblies.  It  is  the  one  method  that  provides  proof  of 
soundness  with  a  lasting  record. 

If  you  would  like  to  explore  how  radiography  can  help 
improve  your  product,  your  quality  control,  and  thus 
attract  more  business,  talk  to  your  Kodak  x-ray  dealer 
or  write  us  to  have  a  Kodak  Technical  Sales  Represen- 

tative call. 

EASTMAN  KODAK  COMPANY 

X-ray  Sales  Division  '  Rochester  4,  N.Y. 
®dkBs TRADEMARK 
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Saturn  openings  at  Boeing  for 

STRUCTURAL  AND  ELECTRONIC/ ELECTRICAL  ENGINEERS 

Boeing  has  been  awarded  primary  developmental,  building  and  test 
responsibility  for  the  Saturn  S-IC  advanced  first  stage  booster.  The 
Aero-Space  Division's  newly- formed  Saturn  Booster  Branch  has 
a  number  of  immediate,  long-range  openings  offering  professional 
challenge,  rapid  advancement  and  ground- 
floor  opportunities  to  graduate  structural 
and  electronic/electrical  engineers. 
Structural  engineering  openings  require 
knowledge  of  the  air  loads,  high  heating 
rates,  extreme  differential  temperatures, 
material  oxidation  and  creep  associated 
with  advanced  vehicles  designed  for  flight 
regimes  ranging  from  orbital  to  normal 
landing  speeds. 
Electronic/Electrical  engineering  as- 

signments are  available  in  many  areas, 
including  the  design  of  electronic  equip- 

ment, the  development  of  improved  design 
techniques,  electronic  parts,  electronic 

packaging  techniques  and  the  design  and  development  of  improved 
electronic  systems. 
Salaries  are  commensurate  with  all  levels  of  education  and  experi- 

ence. Minimum  requirements  are  a  B.S.  degree  in  any  applicable 
scientific  discipline.  Boeing  pays  liberal 
travel  and  moving  allowances  to  newly- 
hired  engineers.  Permanent  assignment 
will  be  in  New  Orleans,  with  initial  tem- 

porary assignment  at  Huntsville,  Ala. Positions  with  Saturn  and  with  other 
expanding  missile  and  space  programs  at 
Boeing — including  the  solid-fuel  Minute- 
man  ICBM  and  Dyna-Soar  boost-glide 
vehicle — are  also  available  at  Seattle,  Cape 
Canaveral  and  Vandenberg  AFB,  Calif. 

Send  your  resume,  today,  to  Mr.  R.  R.  Gregg, 
The  Boeing  Company,  P.  0.  Box  26088- 
MRQ.  New  Orleans  26,  Louisiana.  Boeing 
is  an  equal  opportunity  employer. 

Divisions:  Military  Aircraft  Systems  •  Transport  •  Vertol  •  AERO-SPACE  •  Industrial  Products— Boeing  Scientific  Research  Laboratories 
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NOW! 

standards  lab 

precision... 

with  military 

reliability! 

USED  IN  MAJOR  MISSILE  PROGRAMS.  Extensively  tested  and 
proved  in  the  field  in  missile  checkout  systems,  the  Model 
412  Digital  Voltmeter  is  designed  to  meet  the  stringent 
environmental  requirements  of  MIL-E-4158A  for  opera- 

tional ground  support  equipment.  These  units  have  estab- 
lished an  unprecedented  record  of  reliability  and  accuracy 

in  daily  service  for  ICBM  testing. 
DESIGNED  FOR  AUTOMATIC  SYSTEMS.  All  major  control  func- 

tions can  be  remotely  programmed  . . .  the  readout  unit 
remotely  mounted  in  as  little  as  3y2"  of  rack  space.  Two 
isolated  input  channels  are  provided,  with  AC  and  DC 
measurement  mode  and  automatic  or  manual  ranging  inde- 

pendent for  each  channel.  Digital  recorder  drive  capability 
is  built  in. 
THE  ONLY  DIFFERENTIAL  DIGITAL  VOLTMETER.  Completely 
isolated,  guarded  inputs  eliminate  ground  loop  problems, 
reject  common-mode  hum  and  noise,  allow  stable,  accurate 
AC  or  DC  measurement  at  differing  ground  potentials  — 
regardless  of  whether  printer  or  other  output  equipment 
is  grounded  or  floating. 
TEST  MISSILES  OR  TRANSISTORS.  If  you  can't  afford  down 
time  at  the  wrong  time,  if  you  must  have  continuous, 
reliable  operation  even  under  adverse  environmental  con- 

ditions, if  you  need  automatic  system  capability,  high 
accuracy,  versatility,  then  this  new  KIN  TEL  Digital  Volt- 

meter meets  your  requirements.  Write  for  technical  liter- 
ature or  demonstration.  Representatives  in  all  major  cities. 

BRIEF  TECHNICAL  SPECIFICATIONS 
DC  RANGE: 
±0.001  to  ±999.9  volts  in  3  automatic  or  manual 
ranges,  automatic  polarity. 
AC  RANGE: 
0.001  to  999.9  volts,  in  3  automatic  or  manual 
ranges,  60  to  1000  cps. 
ACCURACY: 
0.1%  of  FS  for  AC,  0.01%  ±1  digit  of  reading  for  DC. 
INPUT  IMPEDANCE: 
10  megohms  for  DC,  1  megohm  and  200  wf  for  AC. 
COMMON  MODE  REJECTION: 
86  db  minimum  for  60  cps  common-mode  signals. 
OPERATIONAL  FEATURES: 
All  controls  remotely  programmable,  built-in  digital 
recorder  drive,  two  isolated  input  channels  with 
range  control  and  AC  or  DC  mode  independent  for 
each  channel.  (50-cps  operation  at  additional  cost.) 

5725  Kearny  Villa  Road, 
San   Diego   12,  California 

Phone:  277-6700 
(Area  Code  714) 
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TYPICAL  BENDIX  SPECIAL-PURPOSE  CABLES 

THAT  SOLVE  CRITICAL  ENVIRONMENTAL  PROBLEMS 

1  Heavy  Duty— Ground  Support  Cable 
2  Benseal®  Missile  Control  Cable 
3  Fabric  Braided— Aircraft  and  Missile Control  Cable 
4  Metal  Braid-Aircraft  Nacelle  Cable 
c  High  Temperature— Radiation  Resist- 3  ant  Cable 
c  High  Temperature— Lightweight- Missile  Cable 

7  "Wet  Wing"  Aircraft  Fuel  Cell  Cable 
8  Rewirable— Jet  Engine  Control  Cable 
a  High  Temperature  —  1500°  F.— Ther- mocouple Cable 

Scintilla  Division 

Circle  No.  14  on  Subscriber  Service  Card 

Bendix  cables — products  of  over  a  quarter-century  of  design 

and  manufacturing  experience — are  proving  their  complete 

reliability  in  a  countless  variety  of  applications  involving 

critical  environmental  conditions.  For  complete  information, 

write  us  at  Sidney,  New  York. 

BENDIX  CABLES  •  BENDIX  CONNECTORS 

Designed  together  to  work  best  together 



Technical  Countdown 

ELECTRONICS 

Huge  Research  Antenna  Considered 
A  pilot  model  of  a  mammoth  radio  telescope,  employing 

a  2000-ft.  array  antenna  and  designed  to  operate  over  a 
broad  RF  range,  is  being  assembled  at  the  Air  Force"s  Cam- bridge Research  Labs  in  Massachusetts.  AFCRL,  which 
manages  development  of  the  1000-ft. -diameter  radio  tele- 

scope now  nearing  completion  at  Arecibo.  Puerto  Rico, 
reportedly  is  confident  of  the  feasibility  of  its  newer  antenna 
array  design. 

New  Fuel  Cell  Progress  Reported 

A  thermally  regenerative  lithium-hydrogen  fuel  cell, 
built  by  the  TAPCO  Div.  of  Thompson  Ramo  Wooldridge. 
Inc..  has  produced  up  to  3500  amperes/ sq.  ft.  on  short 
circuit.  TRW  scientists  have  been  working  on  the  system  for 
over  three  years,  in  a  continuing  Air  Force-supported 
search  for  long-duration  unmanned  power  generation  for 
space  use.  Operating  at  a  design  temperature  of  550°C.  the 
fuel  cell  has  demonstrated  a  flat  voltage-current  curve  for 
current  densities  up  to  100  amp/sq.  ft.  At  50%  polarization, 
developers  report,  a  1400-amp/sq.  ft.  density  is  realized. 
System  concept  permits  zero-g  and  all-attitude  operation. 

ADP  Growth  Cited 

Alex,  Brown  &  Sons,  in  its  weekly  investments  bulletin, 
predicts  marked  increases  over  the  next  three  years  in  data- 
processing  systems  sales.  About  7000  general-purpose  com- 

puters are  now  in  active  use,  according  to  the  report.  By 
1965,  the  firm  expects  between  15-20  thousand  to  be  in  use. 
These  figures  are  based  on  a  year-end  (1961)  backlog  of 
7500  on  order.  However,  the  company  points  out  that  Inter- 

national Business  Machines  Corp.  is  the  only  major  company 
in  the  field  currently  showing  a  reasonable  profit.  Sperry 
Rand  is  in  the  black  now,  the  report  asserts,  but  other 
major  producers  will  not  enjoy  such  a  position  for  at  least 
several  years. 

BUIC  Moving  Rapidly 

The  Electronic  Systems  Div.,  Air  Force  Systems  Com- 
mand, has  sent  out  requests  for  proposals  for  the  new  SAGE 

back-up  system  to  almost  every  major  U.S.  electronics 
company.  The  45  recipients  were  all  expected  to  attend 
last  week's  bidders  conference  at  Hanscom  Field,  Mass. 
Called  BUIC  (Back-up  Interceptor  Control  System),  the 
system  will  supply  emergency  support  for  the  41 6L  system. 
It  will  employ  semiautomatic  data-processing  and  display 
facilities  at  widely  dispersed  facilities.  Proposals  are  due 
April  30,  and  bidders  will  have  the  option  to  propose  their 
own  designs  for  the  back-up  system. 

Telstar  Terminal  To  Be  Air-Transported 
First  of  four  20,000-lb.  air  shipments,  comprising  the 

French  ground  station  for  satellite  communications  relay,  is 
scheduled  to  begin  this  week.  Built  by  AT&T  for  the  French 
government,  the  electronic  equipment  is  compatible  with  the 
upcoming  Telstar  satellite  system.  To  be  assembled  at  Issy- 
Les-Molineaux,  the  station  should  be  in  operation  before  the 
second  Telstar  launching  this  fall.  Air  France  will  handle 
and  transport  the  sensitive  electronic  equipment  to  France from  New  York. 

Spare  Parts  Provisioning  To  Be  Studied 
The  Army  has  given  IBM  the  job  of  studying  present 

parts  provisioning  methods  and  recommending  a  better  ap- 
proach. The  goal  is  an  old  one:  to  reduce  new  parts  provi- 

sioning and  make  better  use  of  common  items  already  in  the 
Army  supply  system.  The  two-year  contract  will  be  a  tough 
one,  since  the  Army  is  chiefly  concerned  about  the  repair 
parts  allowances  for  future  systems — items,  in  general,  with 
which  it  has  had  no  previous  experience.  A  board  of  Army 
logistics  experts  will  assist  the  Federal  Systems  Div.  team on  the  study. 

SUPPORT  EQUIPMENT 

Ultra-High-Vacuum  Chambers  Tested 

Pressures  of  about  10"9  Torr.  are  being  reached  regularly 
in  normal  operation  of  two  new  thermal  test  chambers,  Gen- 

eral Electric  engineers  report.  Believed  to  be  the  lowest  ever 
reached  on  a  repetitive  operating  basis,  the  pressures  are 
equivalent  to  an  orbital  altitude  of  some  400  miles.  Now  in 
use  at  its  Valley  Forge  Space  Technology  Center,  the  test 
chambers  were  built  for  GE's  Missile  &  Space  Vehicle  Dept. 
by  the  F.  J.  Stokes  Corp.  of  Philadelphia.  The  cylindrical 
chambers  are  installed  vertically,  top-loaded,  and  provide  a 
working  clearance  of  5-ft.-dia.  by  5-ft.-high. 

ADVANCED  MATERIALS 

Foamed  Aluminum  for  Re-Entry 

A  sample  of  foamed  aluminum  exposed  to  2700  °F  tem- 
peratures for  100  hours  showed  no  significant  change  in 

tests  run  by  GE-MSVD  scientists.  In  the  GE  process,  foamed 
metal  can  vary  from  3  to  50%  theoretical  density.  Re- 

searchers say  the  foamed  aluminum  can  be  used  for  re-entry, 
meteoroid  shielding,  sandwich  core  construction  and  trans- 

piration-cooled surfaces. 

Maraging  Steel  Data  Given  to  Industry 
International  Nickel  Co.  has  made  available  to  the  steel 

industry  all  of  its  data  on  the  properties,  commercial  appli- 
cations, melting  and  processing  of  the  18.  20  and  25%  nickel 

steels.  The  maraging  steels  have  notched  tensile  strengths 
exceeding  400.000  psi  and  a  resistance  to  delayed  cracking 
when  exposed  to  severe  corrosive  atmospheres  in  a  highly- 
stressed  condition.  The  largest  single  potential  application  is 
in  marine  hull  plate.  The  most  promising  immediate  use  is 
in  solid-rocket  motor  cases. 

Chemical  Vapor  Deposition  Study  Launched 
A  three-year  research  program  into  the  technique  and 

theory  of  chemical  vapor  deposition,  sponsored  by  some  20 
companies  is  under  way  at  Battelle  Memorial  Institute.  The 
work  may  well  lead  to  better  high-temperature  shields  and 
coatings  for  space  applications.  The  studies  will  include  crys- 

tal nucleation  and  growth,  mechanisms  of  metal-organic 
compound  decomposition,  mechanisms  of  impurity  deposi- 

tion and  vapor-phase  transfer  processes. 

missiles  and  rockets,  April  16,  1962 
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advanced  materials 

Glass  Filament  Problems  Under  Siege 

Owens-Corning  Fiberglas  moves  rapidly  into 

wound  motor-case  problems  from  materials  angle 
by  John  F.  Judge 

THE  EXPLOSION  in  glass  tech- 
nology and  production  resulting  from 

missile/ space  applications  has  con- 
fronted one  of  the  major  suppliers  of 

glass  filaments  with  a  totally  new  con- 
cept in  strength — something  that  never 

existed  as  a  primary  requirement  for 
commercial  fibers. 

Owens-Corning  Fiberglas,  whose 
pioneer  work  in  glass  fibers  spawned  a 
revolutionary  new  structural  products 
industry  after  World  War  II,  is  engaged 
in  a  massive  attack  on  the  complex — 
and  often  frustrating — task  of  trans- 

lating the  extraordinary  theoretical 
strengths  of  glass  fibers  into  actual  pro- 

duction material.  The  prime  impetus: 
filament-wound  pressure  chambers  for 
rocket  applications. 

Filament-wound  motor  cases  are 
under  intensive  investigation  for  appli- 

cations in  the  Polaris  and  Minuieman 
programs.  Large  solid  boosters  may 
also  involve  glass-reinforced  pressure 
chambers. 

The  one  major  obstacle  facing  OCF 
scientists  is  a  familiar  one  to  many 
materials  suppliers — -the  lack  of  mean- 

ingful definition  of  the  fabrication 

problems. •  Industrial  problems — For  years, 
says  one  OCF  expert,  this  was  a  com- 

mon problem  in  the  whole  plastics  field. 
OCF  was  a  leader  in  reinforced  plastics 
industry  for  a  decade.  When  reinforced 
plastics  caught  on,  a  host  of  fabricating 
problems  cropped  up.  But  it  was  not 
until  the  fiber  firm  began  duplicating 

its  customer's  processes  on  a  research 
scale  that  the  problems  became  clear. 

This  approach  may  well  be  the 
answer  in  filament  winding — where  the 
extremely  high  tensile  strength  of  pro- 

duction glass  fibers  never  seem  to  be 
completely  realized  in  the  end  product. 

Strength  was  never  the  prime  factor 
in  commercial  glass  fiber  usage.  It  defi- 

nitely is  a  factor,  but  other  considera- 
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Forming  Filaments: 
The  Basic  Process 

THE  PRODUCTION  of  continuous 
glass  filaments  is  deceptively  simple. 
Glass  "marbles"  or  carefully  weighed 
and  mixed  raw-stock  batches  are  con- 

tinuously fed  into  a  furnace.  Molten 
glass  streams  from  platinum  bushings — 
204  in  all — mounted  in  the  furnace bottom. 

The  filaments  are  sized,  or  coated, 
and  caught  up  on  a  rapidly  revolving 
winder.  This  winder  revolves  much 
faster  than  the  stream  flow  rate  of  glass 
from  the  bushings,  resulting  in  an  ap- 

plied tension.  This  force  attenuates  the 
glass  while  it  is  in  a  relatively  fluid 
state,  drawing  out  filaments  much 
smaller  than  the  diameter  of  the  plati- num bushings. 

This  glass  filament,  0.00037  in.  in 
diameter,  is  the  basic  product  of  OCF. 
It  can  be  chopped,  blown,  or  woven 
into  a  vast  number  of  familiar  products 
through  a  series  of  processes.  But  the 
almost  invisible  output  of  the  platinum 
bushing  remains  the  heart  of  the  glass 
composite  market. 

Virgin  glass  fibers  drawn  from  the 
standard  "E"  glass  composition  have tensile  strengths  on  the  order  of  500,000 
psi.  New  glass  compositions  have  even 
higher  strength — one  promising  formu- lation runs  30%  or  more  above  the 
standard  "E"  glass. 

The  current  studies  are  involved  in 
discovering  and  capitalizing  on  the  re- 

lationship between  strength,  modulus 
and  weight — and  glass  composition, 
forming  temperatures  and  process  con- trols. In  some  cases,  the  actual  strength 
falls  below  50%  theoretical — leaving 
ample  room  for  improvement. 

The  structure  of  the  filament  itself 
is  under  extensive  investigation  at  OCF, 
other  firms,  and  universities.  Each  fila- 

ment represents  a  structure  which  might 
be  described  as  being  a  condition  of 
homogeneous  heterogeniety — the  basic 
structure  is  probably  repeated  but  with 
enough  distortion  to  preclude  crystal 
formation — symmetry  must  be  avoided. 

Another  area  of  theory  deals  with 
the  effect  of  additives  on  the  basic structure.  Still  another  fertile  field  is 
the  nature  of  the  coupling  agent  bond. 
Glass  filaments  must  be  protected 
against  themselves,  and  yet  must  be 
amenable  to  resins. 

tions  were — and  still  are — more  impor- 
tant. Thermal  conductivity,  electrical 

properties,  handling  characteristics  and 
other  characteristics  override  the 
strength  factor  in  many  of  the  more 
familiar  consumer  and  industrial  uses  of 
fibers. 

But,  in  the  case  of  the  rocket  motor 
chamber,  fiber  tensile  strength  is  related 
to  the  final  strength  of  the  end  product 
— an  extremely  complex  and  vaguely 
understood  relationship. 

For  many  years  it  was  thought  that 
fiber  tensile  strength  was  primarily  gov- 

erned by  its  diameter.  Now  it  is  agreed 
that  the  strength  is  closely  related  to 
the  fiber  forming  temperature,  and  this, 
in  turn,  is  dependent  on  other  variables 
such  as  glass  composition  and  process 
speeds. 

Glass  fibers,  for  all  their  apparent 
flexibility,  remain  glass.  OCF  experts 
are  positive  that  one  of  the  keys  to 
unlocking  the  material's  vast  potential 
lies  in  treating  it  as  such. 

In  this  vein,  OCF  researchers  point 
to  the  textile  industry.  Winding  tech- 

niques with  other  fiber  types  were  a 
long  time  developing — centuries  in  the 
case  of  wool  and  cotton.  The  headache 
in  the  missile  area  is  the  job  of  learning 
to  handle  glass  fiber  in  a  compressed 
time  schedule.  It  can  be  done — just  as 
it  is  possible  to  develop  even  higher- 
strength  glasses  and  associate  fiber- 
resin  coupling  agents — but  it  will  take  a 
great  deal  of  work. 

•  Definition  maze — For  anyone  not 
familiar  with  the  complex  art  of  glass- 
making,  one  major  problem  stands  out 
— as  it  does  in  all  other  materials 
technologies  involved  in  space  applica- 

tions: the  meaningful  test  the  route  to 
defining  a  desired  end  product  char- 

acteristic through  a  simple  check  on  a 
major  constitutent  input.  OCF  experts 
have  not  yet  found  such  a  test — and 
strongly  doubt  the  validity  of  many 
currently  in  vogue.  There  is  a  great 
deal  of  interest  in  the  "single  meaningful 
test."  To  standardize,  the  mechanism  of 
reinforcement  must  be  understood. 

Single-filament  tensile  strength  is 
easily  determined,  but  a  group  of  fila- 

ments is  another  matter  entirely.  Even 
with  the  extreme  reactivity  of  glass  in 
the  forming  stages  and  the  rough  han- 

dling characteristic  of  textile  operations, 
a  glass  fiber  pulled  from  the  living 
room  curtain  will  have  almost  the  same 
strength  it  possessed  when  it  was 
shipped. 

Among  other  things  the  strength  in 
composite — glass  and  resin  systems — is 
a  function  of  how  well  the  individual 
filaments  are  protected  from  each  other. 
In  addition,  the  resin  transfers  stresses 
from  fiber  to  fiber  and  tends  to  bridge 
flaws  in  individual  strands. 

Some  tests  by  winders  have  shown 

tremendous  resin  effects  on  multi- 
filament composites.  Even  with  a  com- 

paratively poor  glass,  one  resin  system 
provided  a  composite  tensile  strength 
of  almost  480,000  psi  while  another 
resin  consistently  tested  out  lower. 
These  particular  tests  were  not  run  by 
OCF,  and  there  is  some  question  as  to 
the  exact  results,  but  the  overall  trend 
is  clear. 

OCF  scientists  know  that  just  about 
anything  capable  of  impregnating  glass 
fibers  will  affect  the  composite  tensile 
strength,  other  factors  discounted  for 
comparison.  Some  researchers  theorize 
that  even  if  a  filament  is  notched  and 
filled  with  the  proper  resin,  its  tensile 
strength  should  almost  reach  the  un- 
notched  figure. 

Everyone  at  the  company  finds  the 

chief  fascination  of  glass  is  its  poten- 
tial. There  is  strong  conviction  that  the 

material  can  do  almost  anything  if  han- 
dled correctly.  Between  this  feeling  and 

reality  stands  a  large  number  of  varia- 
bles, mechanisms  and  partially  under- 
stood phenomena;  these  involve  not  only 

glass,  but  process  controls,  resin  factors, 
coupling  agent  chemistry  and  last — but 
hardly  least — the  fabrication  technique. 

In  the  basic  glass  production,  OCF 
is  fairly  sure  that  for  each  glass  com- 

position, there  is  an  optimum  forming 
temperature.  Determining  this  is  a  bit 

difficult.  Glass  does  not  really  "melt" as  a  metal  does — it  merely  tends  to  get 
more  fluid.  In  spite  of  all  the  scientific 
inroads  in  the  area,  glass  forming  and 
production  is  still  largely  an  art.  While 
anathema  to  some  in  this  day  and  age, 
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Owens  Corning  Fiberglas-Corning  Glass- 

Libbey  Owens  Forcf-Owens  Illinois  ??? 
//  all  started  in  1888,  when  Edward  D.  Libbey  founded 

Libbey  Glass  Co.  in  Toledo,  Ohio.  Libbey's  superintendent. 
Michael  J.  Owens,  invented  the  glass  bottle-making  ma- 

chine and  went  into  business,  with  Libbey's  backing,  under the  name  Owens  Bottle  Machine  Co. 
The  versatile  Owens  came  up  with  another  develop- 

ment, this  time  in  plate  glass,  and — again  with  Libbey's 
cooperation — the  Libbey-Owens  Sheet  Glass  Co.  was 
created. 

In  1930,  Libbey-Owens  merged  with  the  Edward  Ford 
Plate  Glass  Co.  to  form  the  Libbey-Owens-Ford  Glass  Co. 
Owens  Bottle  bought  up  the  Illinois  Glass  Co.  and  Owens- 
Illinois  Glass  Co.  was  born. 

A  series  of  events  in  research  programs  led  Owens- 
Illinois  and  Corning  Glass  Works,  Corning,  N.Y.,  to  form 
the  Owens-Corning  Fiberglas  Corp  in  1938 — to  produce 
products  from  the  newly  perfected  glass  fiber  techniques. 
OCF  operates  independently,  but  both  parent  firms  retain 
some  financial  interests. 

In  1944,  Randolph  H.  Barnard  formed  Glass  Fibers 
Inc.,  which  merged  with  the  L-O-F  Fiber-Glass  Division 
created  in  1951  and  known  as  L-O-F  Glass  Fibers  Co. 
Johns-Manville  Corp.  bought  this  L-O-F  division  in  1958, 
forming  a  new  production  and  research  subsidiary,  Johns- 
Manville  Fiber  Glass  Co.  The  only  connection  among  these 
companies  now  is  in  the  confusing  name  situation. 

this  stubborn  resistance  of  the  so  called 

"rigid  liquid"  to  present  methods  and 
apparatus  has  a  positive  side.  It  speaks 
well  for  its  future. 

As  one  OCF  researcher  puts  it,  "We 
haven't  begun  to  understand  all  we 
know  .  .  .  and  when  we  do,  we'll  still 
be  saying  the  same  thing,  only  farther 
down  the  line." 

The  filament  winding  work  aimed  at 
space  problems  is  concentrated  in  the 
new  OCF  Technical  Center  at  Gran- 

ville, Ohio.  The  Center  operates  as  a 
unit,  although  it  is  divided  into  several 
distinct  laboratories.  By  far  the  major 
effort  is  in  commercially  oriented  re- 

search and  development.  But  in  basic 
glass  technology,  the  line  is  hard  to  find 
and  the  input  to  filament  winding  is 
substantial. 

The  firm  funds  research  activities 
at  a  current  annual  rate  in  excess  of  $6 
million  and,  while  the  eye  is  always  on 
the  product,  a  vast  amount  of  basic 
work  is  continuously  under  way. 

The  flexibility  of  the  center  is  best 
illustrated  by  the  fact  that  it  is  currently 
shipping  a  newly  developed  high- 
strength  filament  to  winders  for  evalua- 

tion purposes  while  still  devoting  a 
major  effort  to  basic  property-composi- 

tion studies.  The  high-strength  glass 
filament  is  the  result  of  Air  Force- 
funded  studies  at  OCF;  work  is  still  in 
progress  to  improve  the  process. 

A  separate  section  of  OCF's  Hunt- 
ington, Pa.,  plant  is  being  readied  for 

production  processing  of  these  new  fila- 
ments. Some  production  is  already  in 

being.  The  positions  in  operation  can 

easily  handle  filament  requirements  for 
any  current  program.  There  is  ample 
room  for  more  units. 

The  test  problem  runs  throughout 
the  Center.  Almost  every  laboratory 
involved  in  glass-reinforced  plastics 
technology  has  a  hand  in  this.  It  is  ap- 

parent that  OCF  experts  consider  that 
the  whole  field  of  filament  winding  is 
in  its  infancy.  No  one  in  the  industry 
disagrees. 

•  Wool,  cotton  or  glass — The  labs 
have  always  used  textile  methods  to 
define  glass  filaments — simply  because 
the  major  end-use,  in  this  respect,  was 
in  textiles.  But,  with  the  advent  of  fila- 

ment winding,  glass  was  treated  as  glass, 
and  the  results  were  startling.  Together 
with  this  is  the  fact  that  many  winders 
still  think  in  terms  of  textile  technology; 
the  terms  are  similar,  but  the  material 
is  basically  different. 

Textile  manufacturers  go  to  con- 
siderable pains  to  achieve  equal  tension 

on  all  strands.  This  type  of  precision 
effort  is  not  always  carried  into  filament- 
winding  of  motor  cases. 

The  Center  covers  all  of  the  classic 
disciplines — physics,  chemistry,  metal- 

lurgy, glass  research  and  technology 
and  test  programs.  Since  OCF  is  bas- 

ically a  process  company,  the  lab  has 
a  major  section  devoted  to  mechanical 
and  instrumentation  research.  The  Cen- 

ter is  well  equipped  with  standard 
instruments  and  apparatus — including 
three  Instrons  in  a  row.  There  is  also 
a  great  deal  of  individually-developed 
apparatus  designed  by  glassmen  for 
glass.  Single  and  multi-bushing  glass 

NEWLY  FORMED  FILAMENTS  are 
easily  visible  when  off  the  winder.  In  actual 
production,  mechanical  attenuation  draws 
the  filaments  almost  too  thin  to  be  seen. 

furnaces  and  winding  apparatus  are 
present  in  more-than-adequate  numbers. 
Filament-winding  equipment  will  soon 
be  producing  test  bottles. 

But  the  real  driving  force  is  the 
staff  and  the  centuries  of  collective 
experience  in  glass  they  represent.  This 
is  augmented  by  a  high  degree  of  theo- 

retical and  practical  ability  in  surface 
chemistry,  resins  and  coupling  agent technology. 

Given  a  defined  problem,  the  Cen- 
ter has  no  lack  of  confidence  in  its 

ability  to  come  through  eventually  with 
the  solution.  But  the  current  major  task 
lies  in  defining  the  problems  of  filament winding. 

Tucked  in  with  the  Technical  Cen- 
ter, and  serving  as  another  womb  for 

new  glass  application  ideas  in  any 
area,  is  the  Pioneering  Laboratories. 
This  group  forms  a  second  research 
technique  into  problem  areas,  but  its 
approach  is  unique.  Led  by  Dr.  Games 
Slayter,  vice  president  research,  the 
group  explores  ideas  and  concepts  best 
described  as  one  step  behind  basic  re- search. 

But  there  is  a  responsibility  to  fol- 
low these  ideas  right  into  production, 

if  they  so  develop.  There  is  a  concept 
totality.  After  the  technical  and  theo- retical basis  has  been  established,  the 
next  move  is  into  the  process,  then  into 
the  plant  and — finally — to  sell  it. 

One  of  the  attractive  aspects  of 
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Beauty... with  a  purpose 

5-124  Oscillograph: 

design  simplicity  boosts  reliability 
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glass  is  in  the  vast  availability  of  the 
raw  materials.  This  has  provided  the 
group  with  a  two-way  point  of  de- 

parture: one  on  into  glass  itself,  and 
the  other  back  into  "earth  sciences". 

•  Synergistic  concept — The  Pioneer- 
ing Labs  are  deeply  involved  in  develop- 
ing and  understanding  the  theory  of 

two-phase  materials.  A  concise  explana- 
tion of  this  theory  was  written  for  the 

January,  1962,  issue  of  Scientific  Amer- 
ican by  Dr.  Slayter. 

In  brief,  the  high  specific  strengths 
of  "Fiberglas"  plastics  come  from  a 
basic  fundamental  principle  of  materials 

science  defined  by  Dr.  Slayter  as  a  "two- 
phase"  principle  of  materials  structure and  strength. 

One  example  mentioned  was  that  of 
wood:  a  combination  of  a  relatively 

high-strength,  high-modulus  fiber — cel- 
lulose— with  a  low-modulus  plastic 

matrix — lignin.  The  advantages  of  such 
a  structure,  says  Dr.  Slayter,  are  dem- 

onstrated in  the  bamboo  pole. 
The  long,  high-strength  fibers,  ar- 

rayed longitudinally  in  parallel,  have  a 
modulus  of  elasticity  in  the  4,000,000 
psi  area;  the  containing  matrix  has  a 
modulus  of  about  1,000,000  psi.  Any 
break  in  the  fibers  is  isolated  by  the 
supporting  matrix,  and  the  yielding 
elasticity  of  the  matrix  transfers  the 
loading  stress  to  other  intact  fibers. 

This  and  other  evidence  in  nature  of 
the  composite  approach  to  strength  is 
imitated  by  man  in  many  areas.  Dr. 
Slayter  says  that  a  general  theoretical 
and  quantitative  expression  of  the  con- 

cept remains  to  be  developed. 
The  Pioneering  Lab  has  developed 

a  series  or  family  of  glass  "pellets" 
which  have  a  very  low  coefficient  of  ex- 

pansion and  low  thermal  conductivity 
and  are  extremely  light.  The  pellets 
could  function  as  a  core  in  filament- 
wound  sandwich  structures  providing 
good  insulation  characteristics  as  well  as 
strength.  There  is  some  talk  of  possibly 
applying  this  type  of  structure  for 
liquid-rocket  fuel  tankage. 

OCF  researchers  did  not  disclose 
the  manufacturing  techniques  involved 
in  the  production  of  these  pellets  except 

to  say  it  is  like  "popping  corn." Another  concept  receiving  attention 
at  the  Pioneering  Lab  is  the  feasibility 
of  using  a  "B"  staged  resin  to  carry  a 
ceramic  fiber.  In  structural  usage,  this 
could  result  in  a  motor  case  composed 
of  oriented  zirconia  single-crystal  fibers. 
The  carrier  has  a  function  similar  to  a 
preform,  and  the  curing  segment  would 
proceed  normally.  The  strength  and 
temperature  capabilities  of  such  a  case 
would  be  formidable — as  is  the  task  of 
reaching  this  stage  of  development. 

Such  work  as  this  is  helping  to  estab- 
lish directions  in  achieving  the  rather 

distant  goal  of  single-crystal  continuous 
filaments.  8 
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space  exploration 

Mariner  To  Test  Mars  Life  Theories 

Expert  opinion  leans  increasingly  toward  the 

existence  of  plant  life;  spacecraft  will  probe  in  '64 
by  William  Beller 

THE  VENUS  AND  MARS  fly-by 
program — Mariner  B — on  which  the 
National  Aeronautics  and  Space  Ad- 

ministration wants  to  spend  $74  million 
in  Fiscal  1963,  may  have  a  spectacular 
payofi  if  it  verifies  recent  speculations 
by  an  internationally  known  biologist. 

This  scientist  believes  Mars  may 
have  a  flourishing  plant  life,  some  of  its 
forms  resembling  our  own  higher  plants. 
If  this  is  true,  he  declares,  we  should 
expect  to  discover  Martian  mobile  forms 
comparable  to  our  plant-eating  animals. 

"From  there  it  is  but  one  more  step 
— granted,  a  big  one — to  intelligent  be- 

ing," says  the  biologist — Dr.  Frank  B. 
Salisbury,  Professor  of  Plant  Physiology 
at  Colorado  State  University. 

The  existence  of  life  on  Mars  seems 
to  be  the  only  explanation  for  certain 
Martian  phenomena,  Dr.  Salisbury 
maintains.  Writing  in  a  recent  issue  of 
Science,  publication  of  the  American 
Association  for  the  Advancement  of 
Science,  he  suggests  that  we  be  prepared 
for  some  interesting  surprises  in  bio- 

chemistry— water  perhaps  acting  as 
vitamins,  and  the  decay  products  of 
Martian  life  being  iron  oxides. 

•  Mars  in  '64 — The  Mariner  B, 
designed  to  fly  on  Centaur  in  1964,  will 
not  only  be  capable  of  fly-by  missions  to 
Mars  and  Venus — it  also  will  be  able 
to  carry  a  small  planetary  atmospheric 
entry  capsule. 

The  first  goal  of  the  Mariner  project 
was  to  send  Mariner  A  fly-bys  to  Venus 
during  1962.  However,  problems  with 
Centaur  persuaded  NASA  officials  to 
tenriinate  Mariner  A  and  replace  it  with 
a  lighter  version  of  the  Mariner  space- 

craft— Model  R — to  be  launched  by  an 
Atlas-Agena.  Waiting  for  Centaur  would 
have  meant  at  least  a  year's  delay  in  the 
program,  since  the  next  favorable  time 
for  a  Venus  launch  is  1964. 

As  a  result  of  the  two  flights  of 
Mariner  R  planned  for  this  year,  NASA 
hopes  to  have  enough  data  to  design 
and  test-fly  a  vehicle  on  an  interplane- 

tary mission  in  1963.  The  trajectory  will 
be  chosen  to  check  out  the  spacecraft 
subsystems    expected   to   go   on  the 

Mariner  B  fly-bys  in  1964. 
NASA  concurs  with  Salisbury  that 

the  basic  question  about  Mars  is  whether 
life  exists  there.  Early  experiments  are 
therefore  bemg  designed  to  solve  the 
appropriate  detection  problems:  an 
infrared  spectograph  will  be  carried  to 
determine  the  existence  and  location  of 
organic  molecules.  The  upper  atmos- 

phere will  be  examined  for  ozone,  to 
see  whether  Mars'  surface  is  protected from  ultraviolet  radiations  which  in 
large  doses  are  damaging  to  terrestrial 
life. 

Since  the  Martian  atmosphere  is 
clear,  the  spacecraft  will  carry  an  op- 

tical system  mated  to  a  vidicon  capable 
of  taking  and  transmitting  photographs 
of  the  terrain. 

The  hitch-hiking  capsule  on  board 
the  spacecraft  will  carry  pressure-ac- 
celerometer  instruments  to  probe  the 
nature  of  the  planetary  atmosphere,  and 
other  instruments  to  detect  the  existence 
of  life. 

Mariner  A  funding  terminates  in 
Fiscal  1962  because  of  its  replacement 
by  Mariner  R.  Much  of  the  hardware 
developed  for  the  Mariner  A  is  being 
used  on  Mariner  R;  similarly,  much  of 
the  development  effort  on  the  various 
Mariner  A  subsystems  will  be  used  in 
Mariner  B. 

Mariner  R  funding  peaks  sharply  in 
Fiscal  1962 — reflecting  the  fact  that  al- 

most all  work  must  be  completed  by  the 
end  of  the  fiscal  year  in  order  to  meet 
the  launch  opportunity  date. 

The  Mariner  B  request  for  Fiscal 
1963  reflects  the  heavy  hardware  re- 

quirements, since  it  is  in  this  year  that 
equipment  must  be  purchased  for  both 
the  test  flight  late  in  calendar  1963  and 
the  planetary  missions  early  in  calendar 
1964.  Fiscal  1962  funds  met  the 
Mariner  B  pre-hardware  requirement; 
the  Fiscal  1963  request  is  to  cover 
prototype  and  flight  hardware,  the  nec- 

essary ground  equipment  for  check-out 
and  test,  and  the  testing  phase  itself. 

•  Unearthly  life — As  near  as  astron- 
omers can  make  out.  the  Martian  at- 

mosphere shows  the  following  features: 

—At  the  planet's  surface,  an  atmos- 
pheric pressure  between  6  and  10  centi- 

meters of  mercury — about  0.1  the 
earth's  atmospheric  pressure. 

—A  carbon  dioxide  content  twice  to 
13  times  that  of  the  earth's  atmosphere, 
with  the  higher  value  being  the  more likely. 

—No  oxygen,  ozone  or  water  vapor 
present — although  on  occasion  there 
may  be  ice  crystals. 

—  The  bulk  of  the  planet's  atmos- 
phere made  up  of  nitrogen  plus  some 

argon. —Temperature  varying  between 
— 101  °C  and  +30°C,  depending  on 
season  and  latitude. 

These  characteristics  would  undoubt- 
edly discourage  life  as  we  know  it.  How- 

ever, there  is  no  reason  to  assume  that 
life  on  Mars  would  resemble  Earth's. 

Most  of  the  evidence  strongly  sug- 
gesting life  on  the  planet  is  based  on  the 

changing  colors  of  the  Martian  surface, 
somewhat  in  rhythm  with  the  changing 
seasons.  The  colors  are  described  as  also 
varying  from  year  to  year. 

The  dominant  color  of  the  dark 
areas  on  Mars  is  gray,  although  some 
observers  believe  they  see  a  greenish  hue 
mixed  in.  With  spring,  the  color  dark- 

ens, much  like  regions  of  the  Earth 
when  forests  take  on  new  foliage.  At 
the  rim  of  the  receding  ice  cap  the 
colors  appear  to  change  to  delicate 
pastels.  When  winter  comes,  the  areas 
become  less  sharply  defined,  lighter,  and 
begin  returning  to  the  dominant  gray. 

Another  strong  argument  in  favor 
of  life  on  Mars  was  recently  given  by 
the  American  astronomer  William  Sin- 
ton.  Using  the  200-in.  Mount  Palomar 
telescope,  Sinton  reported,  he  secured 
infrared  spectra  of  Mars  showing  ab- 

sorption bands  characteristic  of  the  or- 
ganic molecules  found  in  terrestrial  liv- 

ing organisms. Sinton's  discovery  was  hailed  by  Dr. 
Gerard  de  Vaucoulers,  Associate  Pro- 

fessor of  Astronomy  at  the  University 

of  Texas,  as  being  "the  most  direct evidence  of  life  on  another  planet  yet 
offered.  .  .  ."  As  an  afterthought,  de 
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NASA  Requested  Funding  for  Mariner 
(in millions  of  doUors) 

MARINER  A FY  1961 FY  1962 FY  1963 

Project  Management  and  Support 0.498 
0.461 

Systems  Analysis  &  Integration 0.740 r\  Ar\o 
Structure  Design  &  Development 0.891 

U.  tVj 
Documentation   &    Reports  . 0.369 r\  r\on 

u.uyu 
Data  Reduction  &  Processing 

n  fin  "3 

ij.r  j  j 

Scientific  Experiments Z.JOY /  .0/  1 
Environmental  Requirements  & 
Testing     0.432 0.4OD 

Communication  &  Telemetry 1.562 1 .928 
Guidance  &  Control 3.638 0.951 
Power  Systems  &  Energy  Control 0.765 0.250 
Pyrotechnics  Design  & 
Development   0.185 

Instrumentation  Services  & 
Facilities     0.  /  43 0.197 

Computer  Support   0.473 0.098 

Total,  Mariner  A 73.068 7.620 

MARINER  R 

rro/ea  Management  and  Support 
■ 

1.370 0.270 
Systems  Analysis  &  integration J.038 

0.457 
Structural  Design  &  Development 0.85/ 0./45 
AMR  Facilities  &  Administration 0.099 0.090 
Documentation  &  Reports 0.239 0.080 

Data  Reduction  &  Processing 0.365 0.280 
Operations   0.238 0.340 
Scientific  Experiments 1.3/0 0.285 
Environmental  Requirements  & 
Testing   „  1.232 

Communications  &  Telemetry 2.949 0.450 
Guidance  &  Control  2.065 0.350 
Instrumentation  Service  & 
Facilities  0.201 0.050 

Power  Systems  &  Energy  Control 0.697 
0.028 

Computer  Support   0.832 0.175 

13.486 3.000 
Atlas-Agena  Launch  Vehicles 10.292 6.240 

Total,  Mariner  R 23.778 9.240 

MARINER  B 

Project  Management  and  Support 
0.765 3.100 

Systems  Analysis  &  Integration  0.157 
1.022 4.900 

Structural  Design  &  Development 0.278 1.635 
4.050 

AMR  Facilities  &  Administration 0.260 
Documentation  &  Reports   0.047 

0.190 0.360 
Data  Reduction  S,  Processing  ■•-  - 0.296 3.600 
Operations   _  0.520 
Scientific  Experiments     0.4/0 

2.320 8.845 
Environmental  Requirements  & 
Testing   0./42 3.495 

Communications  &  Telemetry    0.J83 
1.268 7.030 

Guidance  &  Control   0.594 3.202 10.757 
TV  Systems  0.364 

1.700 

Power  Systems  &  Energy  Control   0.048 0.509 6.543 
Instrumentation  Services  & 
Facilities  0.1 01 0.875 

Computer  Support   0.070 0.585 

(.717 11.884 56.620 
Centaur  Launch  Vehicle 1.074 17.100 

Total,  Mariner  B    1.717 J  2.958 73.720 

Vaucoulers  said,  ".  .  .  although  a  narrow 
margin  of  doubt  remains  until  proof  is 
obtained  by  direct  exploration  of  the 

Martian  surface." 
•  A  new  way  of  life — Salisbury 

suggests  that  it  is  easier  to  envision 
higher  plants  as  being  capable  of  living 
on  Mars  than  it  is  to  accept  the  often- 
discussed  lichens  as  possibilities. 

He  points  out  that  ultraviolet  light 
probably  is  the  least  serious  of  the  ad- 

verse environmental  conditions  to  be 

met  on  the  planet;  he  observes  that  "we would  only  have  to  add  some  sort  of 
shielding  pigments  to  our  Martian  or- 

ganism to  avoid  this  difficulty — pig- 
ments such  as  are  found  in  certain  fungi 

in  Death  Valley.  .  .  ," 
Modification  of  the  plants  so  they 

can  survive  under  the  temperature  ex- 
tremes on  Mars  is  also  considered  by 

Salisbury  to  be  a  relatively  simple  mat- 
ter: the  Martian  organisms  could  present 

a  broad,  flat  surface  to  sunlight  during 
the  day — a  thin  organ  such  as  a  leaf 
would  appear  ideally  suited  for  the  job. 
"If  this  leaf  could  roll  up  into  a  small 
cylinder  at  night — a  phenomenon  not 
without  precedent  on  Earth — this  would 
cut  down  night-time  heat  loss  by  radia- 

tion," he  explains. 
To  conserve  heat  under  the  sub-zero 

temperatures  organisms  would  experi- 
ence during  the  Martian  nights,  "it  is simplest  to  imagine  that  the  plants 

freeze  every  night  and  thaw  out  the 

next  day — and  are  not  hurt  by  this." 
"I  have  wondered  if  water  on  Mars 

might  not  act  more  like  a  vitamin  than 
like  a  primary  solvent,"  says  Salisbury. 
"A  certain  amount  of  hydrogen  and 
oxygen  would  be  supplied  for  essential 
reactions,  but  Martian  biochemistry 
might  not  depend  on  these  elements  as 

extensively  as  our  own  does." 
On  Mars,  oxygen  appears  to  be  tied 

up  in  iron  compounds  on  the  deserts. 
Salisbury  asks  how  life  can  proceed  if 
oxygen  produced  by  photosynthesis  is 
immediately  tied  up  and  made  unavail- 

able for  future  use  in  respiration.  He 
suggests  that  this  is  the  most  difficult  of 
the  dilemmas  in  our  speculations. 

He  sees  one  possible  solution:  the 
oxygen  might  be  replaced  by  nitrogen, 
with  its  many  oxidation  states.  He  also 
recognizes  the  alternate  suggestion  that 
"the  Martian  organisms  may  split  off 
oxygen  from  iron  oxides  in  the  desert 
soils  in  a  manner  analogous  to  the  way 
in  which  oxygen  is  split  from  water 
through  photosynthesis  in  terrestrial 

plants." 

The  consequence,  according  to  Salis- 
bury, would  be  that  oxygen  would  be 

used  in  the  organism's  metabolism,  and 
the  decay  process  might  involve  a  direct 
return  to  the  original  combinations  with 
iron — a  final  descent  to  rust.  *t 
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Northrop  put  the  little  dipper  in  the  ocean 

To  get  the  precise  position  fix  they  need  for  missile 
launching  after  spending  weeks  or  months  under 

water,  Polaris  submarines  will  rely  on  two  Northrop- 
developed  celestial  navigation  devices,  the  Type  11 
Periscope  and  the  Radiometric  Sextant. 

In  clear  weather,  the  Type  1 1  Periscope  can  be 
extended  above  the  surface  to  take  an  accurate  optical 
fix  on  preselected  stars.  If  the  stars  are  obscured,  the 

all-weather  Radiometric  Sextant  would  be  used  to 

track  radio  "noise"  from  the  sun  or  the  moon. 
Both  of  these  systems  are  remarkably  accurate,  even 

while  being  buffeted  by  waves  and  subjected  to  other 
severe  stresses.  They  were  developed  for  the  Navy  by 

the  Marine  Equipment  Department  of  Northrop's Nortronics  Division.  J^^J  JfJ  1^^)^^ 
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space  support 

Wind  Tunnel  To  Use  Plasma  Arc  Heat 

by  Michael  Getler 

A  NEW  hypersonic  wind  tunnel 
will  be  used  at  Wright-Patterson  AFB, 
Dayton,  Ohio,  to  study  the  aerodynamic 
behavior  of  spacecraft  and  missile 
shapes  during  the  severe  phase  of 
re-entry. 

The  two-ft.-diameter  tunnel,  now 
under  construction,  will  operate  in  the 
2-4-mw  power  input  range  with  nozzle 
exit  diameters  from  7-in.  to  2-ft. 

Supplying  the  heat  for  the  tunnel 
will  be  a  new  high-voltage  plasma  arc 
air  heater,  reported  to  be  capable  of 
producing  simulated  atmospheric  chem- 

istry, density,  and  velocity  conditions 
covering  a  broad  range  of  possible  re- 

entry paths. 
This  use  of  plasma  arc  heater  de- 

vices should  represent  a  major  advance 
in  simulation  of  extreme  environmental 
parameters  over  regenerative  storage 
type  (or  pebblebed)  heating  elements. 
The  temperature  and  enthalpy  (heat 
content  per  unit  mass)  levels  attainable 
through  plasma  arc  heating  are  expected 
to  be  several  times  those  achieved  with 

the  pebblebed  units  (these  storage  heat- 
ers are  roughly  limited  in  range  to 

4500°R.  and  2000  BTU/lb). 
Developer  of  the  heating  element 

going  into  the  AF  tunnel  is  the  Linde 
Co.,  a  division  of  Union  Carbide  Corp. 
Officials  of  the  firm  claim  the  4-mw 
(input)  heater  will  operate  continuously 
for  periods  up  to  15  minutes  at  output 
efficiencies  between  50  and  60%  and 
with  negligible  contamination  within  the 
air  stream.  Whatever  contamination  is 
present  (reportedly  less  than  0.1%  by 
weight)  is  due  to  copper  electrode 
erosion. 

•  Early  tests  favorable — Engineers 
in  the  arc  development  program  at  Day- 

ton have  been  conducting  tests  with  a 
lower-powered  (1-mw  input)  device 
shipped  last  May  by  Linde.  They  report 
that  they  are  "quite  pleased"  with  the 
performance.  The  smaller  heater  is 
Linde's  model  N-1000;  the  unit  to  be 
operated  in  June  is  designated  N-4000. 

Builder  of  the  power  supply  for 
the  heater  is  A.  O.  Smith  Corp.  of 
Milwaukee. 

Much  of  Linde's  effort  to  develop 

HIGH-VOLTAGE 
0.  C. 

POWER  SUPPLY 

IN  PLASMA  ARC  HEATER  air  injected  tangenlially 
into  chamber  (A)  is  ionized  and  heated  to  5500- 
1200°R  in  constricted,  high-voltage  electric  arc  (B). 
Plasma  jet  issuing  from  arc  at  high  pressure  (C)  flows 
through  nozzle  constriction  to  low-pressure  area  (D) 

where  expansion  converts  its  potential  energy  into 
kinetic  energy.  Resulting  high-velocity  plasma  jet  is 
injected  into  test  section  of  wind  tunnel  to  simulate 
conditions  encountered  during  re-entry  into  Earth's 
atmosphere  at  speeds  approaching  Mach  20. 

a  heater  for  adaptation  to  hypersonic 
wind  tunnel  testing  has  been  supported 

by  the  Air  Force's  Aeronautical  Sys- 
tems Division  at  Wright-Patterson.  Since 

February,  1959,  the  firm  has  been 
awarded  three  study  and  experimental 
contracts  totaling  just  over  $400,000. 

A  fourth  follow-on  contract — aimed 
at  further  increasing  the  enthalpy  and 
pressure  ranges  in  order  to  test  at  even 
more  severe  re-entry  angles — is  under- 

stood to  be  in  negotiation. 
Depending  on  the  operating  condi- 

tions selected,  Linde  engineers  claim 
the  useful  stagnation  temperature  range 
for  the  device  will  be  from  5500°R 
to  9500°  R,  corresponding  to  an  en- 

thalpy range  of  1800  to  4500  BTU/lb. 
Air  flow  rates  from  below  0.01  to  above 
1.0  lb./ sec  can  be  accommodated.  Max- 

imum temperature  and  enthalpy  of 
12,000°R  and  9000  BTU/lb.  have  been 
achieved  but  at  necessarily  low  pres- 

sures, flow  rates,  and  power  inputs. 
•  DC  operation — The  heating  sys- 

tem, designed  for  1500  psia  operation, 
uses  direct  current  at  relatively  high 
voltages  (up  to  10,000  volts)  and low    currents  (to 

1500  amps)  to  pro- mote high  efficiency 
and  low  electrode 
erosion. 

Linde's  devel- 
opment of  a  plasma 

arc  air  heater  for 

flight  simulation 

purposes  is  basi- cally an  outgrowth 
of  the  firm's  plasma arc  welding  efforts. 
The  company  re- 

cently announced 
that  a  line  of  these 

new  heating  ele- ments would  be 
made  commercially 

available  on  an  off- the-shelf  basis  for 

use  either  in  aero- 
dynamic studies  or materials  testing. 

The  four  units  to 
be  offered  corre- 

spond to  power  in- 
put rating  of  60, 

250,  1000,  and 
4000  kw.  » 
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where  do  you 

fit  in  the 

space  picture? 

Today,  the  design  and  development  of  space  systems, 
vehicles  and  weapon  systems  is  achieving  an  even 

greater  degree  of  importance  than  before.  Expendi- 
tures are  increasing.  The  pace  is  being  stepped  up. 

Hughes  Aerospace  Divisions  are  expanding  with  each 
of  these  progressions.  Important  projects  such  as 
SURVEYOR,  SYNCOM,  ION  ENGINE,  ARPAT, 
BAMBI  and  advanced  POLARIS  guidance  are  now 
underway.  Others  will  begin  soon.  This  expansion  is 
producing  new,  challenging  assignments  that  never 
existed  before.  The  opportunity  is  for  you.  You  can 

be  a  part  of,  and  benefit  from,  Hughes  further  expan- 
sion into  the  space  picture. 

If  you  hold  a  degree  from  an  accredited  university 
in  Mechanical  Engineering,  Electronic  Engineering  or 
Physics,  are  a  U.  S.  citizen  and  have  experience  or 

interests  related  to  Aerospace  Vehicles  or  Weapon  Sys- 
tems, you  can  qualify.  A  few  of  the  openings  include: 

Inquire  today.  Fit  yourself  into  the  space  picture  at  Hughes. 
Please  airmail  your  resume  to: 

Mr.  Robert  A.  Martin 
Supervisor  of  Scientific  Employment 

Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 

Culver  City  15,  California. 
We  promise  you  a  reply  within  one  week. 

controls  engineers 
Concerns  airborne  computers 
and  other  controls  related 
areas  for:  missiles  and 
space  vehicles,  satellites, 
radar  tracking,  control 
circuitry,  controls  systems, 
control  techniques, 
transistorized  equalization 
networks  and  control 
servomechanisms. 

circuit  designers 
Involves  analysis  and 
synthesis  of  systems  for: 
telemetering  and  command 
circuits  for  space  vehicles, 
high  efficiency  power 
supplies  for  airborne  and 
space  electronic  systems, 
space  command,  space 
television,  guidance  and 
control  systems,  and 
many  others. 

systems  analysts 
To  consider  such  basic 

problems  as  the  require- ments of  manned  space 
flight;  automatic  target 
recognition  requirements  for 
unmanned  satellites  or 

high  speed  strike reconnaissance  systems; 
IR  systems  requirements 
for  ballistic  missile  defense. 

infrared  specialists 
To  perform  systems 
analysis  and  preliminary 
design  in  infrared  activities 
involving  satellite  detection 
and  identification,  air-to-air 
missiles,  AICBM,  infrared 
range  measurement, 
air-to-air  detection  search 
sets,  optical  systems, 
detection  cryogenics 
and  others. 

Creating  a  new  world  with  electronics 

"1 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

An  equal  opportunity  employer. 
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management 

Tax  Court  s  Boeing  Decision  Praised 

by  Selig  Altschul* 
THE  RECENT  decision  of  the 

United  States  Tax  Court  finding  that 
the  Boeing  Airplane  Company  made  ex- 

cess profits  of  $13  million  on  govern- 
ment contracts  in  1952  greatly  strength- 

ens the  renegotiation  process  at  a  time 
when  its  value  is  being  questioned  (see 
box). 

The  Renegotiation  Act,  as  amended, 
now  applies  to  any  contractor  which 
does  $1  million  of  defense  business  with 
the  Government. 

The  elements  comprising  the  basis 
of  the  Renegotiation  Board's  findings  in 
reviewing  alleged  excessive  profits  are 
many.  As  provided  by  the  Renegotiation 
Act  of  1951,  as  amended,  the  Board 
must  take  into  consideration  the  follow- 

ing factors:  (1)  the  reasonableness  of 
costs  and  profits,  measured  against  vol- 

ume of  production,  normal  earnings  and 
comparison  of  war  and  peacetime  prod- 

ucts; (2)  net  worth  as  related  to  amount 
and  source  of  public  and  private  capital 
employed;  (3)  risk  assumed,  including 
that  incident  to  reasonable  pricing  poli- 

cies; (4)  contribution  to  defense,  in- 
cluding incentive  and  developmental 

contribution  and  cooperation  with  the 
Government  in  supplying  technical  as- 

sistance; (5)  character  of  business, 
source  and  nature  of  materials,  com- 

plexity of  subcontracting  and  rate  of 
turnover;  (6)  consideration  of  the  pub- 

lic interest  in  fair  and  equitable  dealings 
with  contractors. 

•  Special  case — The  recent  decision 
as  it  pertains  to  Boeing,  while  perhaps 
disconcerting  to  other  petitioners  now 
before  the  Tax  Court,  does  not  neces- 

sarily doom  their  cases. 
There  were  special  circumstances 

present  in  the  Boeing  case  which  were 
succinctly  set  forth  in  the  decision  by 
Tax  Court  Judge  Graydon  G.  Withey 
which  may  not  apply  to  other  renegoti- 

ation cases  now  pending  before  other 
members  of  the  sixteen-man  Tax  Court. 

A  key  finding  in  the  Boeing  1952 
case  as  enunciated  by  Judge  Withey  de- 

clared that:  "Because  of  the  assurance 
of  return  of  all  costs  expended  or  in- 

curred by  (Boeing)  with  respect  to  its 
performance  of  the  contracts  here  in- 

volved and  the  periodic  payment  of 

*Mr.  Altschul  is  a  recognized  aerospace 
financial  authority  serving  industry, 
government,  and  the  financial  com- 

munity in  advisory  capacities. 

DOD  Seeks  Clarification 
The  Pentagon  has  asked  the  U.S.  Tax 

Court  to  issue  a  "supplementary  clarifying 
opinion"  on  its  findings  in  the  Boeing  re- negotiation case. 

The  unusual  request,  included  in  the 
Justice  Department's  brief  asking  the  court 
to  deny  Boeing's  appeal  for  a  revision  of the  opinion,  is  designed  to  spelt  out  the 
effect  the  decision  will  have  on  incentive 
contracting. 

Defense  Secretary  McNamara  recently 
told  Congress  that  the  Boeing  ruling  could 
"undermine"  DOD's  program  to  reward  or 
penalize  contractors  for  superior  or  inferior 
performance. The  Justice  Department  said  that  if 
Boeing  is  unable  to  understand  the  court's reasoning,  it  can  be  argued  that  other 
defense  contractors  may  be  similarly 

uncertain." 

profits  which  are  based  upon  negotiated 
estimated  costs,  we  find  (Boeing)  in- 

curred no  risk  or  loss  thereunder  within 

the  meaning  of  the  Act.  .  .  ." 
The  Court  further  asserted,  ".  .  . 

Because  (Boeing's)  real  profit  was  not determinable  until  the  incentive  con- 
tracts had  been  fully  performed,  it  fol- 

lows that  under  those  contracts  such 
profits  were  finally  fixed  when  actual 
costs  were  known.  .  .  .  We  see  no  justi- 

fication for  the  payment  to  (Boeing)  of 
more  profit  than  that  which  would  ac- 

crue to  it  by  application  of  a  reasonable 
percentage  profit  rate  to  actual  as  dis- 

tinguished from  estimated  costs." In  this  particular  case,  because  of 
the  lack  of  most  of  the  statutory  criteria 
for  determining  the  comparative  reason- 

ableness or  excessiveness  of  Boeing's 1952  profits,  the  Court  used  the  net 
worth  factor  to  a  large  degree  in  deter- 

mining the  reasonableness  or  excessive- 
ness of  the  company's  profits  on  a  com- parison to  other  business.  While  Boeing 

earned  98%  on  its  net  worth  based  on 
its  beginning  1952  book  values,  the 
court  adjusted  this  valuation  to  include 
what  was  "concluded  as  fair  value  for 
.  .  .  design,  engineering  and  manufac- 

turing know-how  and  used  an  average 
1952  book  net  worth  .  .  ."  Under  this 
method,  the  court  arrived  at  a  ratio  of 
profit  to  net  worth  of  about  50%. 

The  court  brushed  aside  the  plea  to 
use  as  a  guide  the  comparative  ratio 
of  profit  to  sales.  And  here  again  may 
be  found  a  condition  peculiar  to  Boeing 
to  a  far  greater  extent  relative  to  other 
Government  contractors.  The  court  de- 

clared that  one  of  the  important  differ- 
ences which  may  exist  for  1952  between 

Boeing  and  other  manufacturers  was 
the  "great  preponderance  in  (Boeing's) case  of  Government-furnished  facilities 
and  production  equipment  over  that  fur- 

nished by  (Boeing)." The  Tax  Court  went  further  than 

the  Renegotiation  Board's  original  de- termination that  excess  profits  of  $10 
million  were  realized  in  1952. 

•  Pending  cases — Other  major  re- 
negotiation case  proceedings  pending: 

Grumman:  Was  ordered  to  refund, 
after  taxes,  $710,000  of  1951  earnings, 
$1,340,00  for  1953,  $1,170,000  for 
1954  and  $165,000  for  1955.  While  the 
company  petitioned  the  Tax  Court  for 
a  redetermination  of  1951  and  1953 
alleged  excessive  profits,  the  suit  was  sub- 

sequently withdrawn.  Currently,  Grum- 
man's  renegotiation  proceedings  have 
been  concluded  through  1958. 

Douglas:  Has  a  total  of  $19.5  mil- 
lion in  excessive  profits  (before  tax 

credits)  alleged  for  three  years  as  fol- 
lows: 1953,  $6  million;  1954,  $6  mil- 

lion and  $7.5  million  for  1955.  All 
cases  pending  before  the  Tax  Court. 

Lockheed:  Has  a  total  of  $19.5  mil- 
lion in  excessive  profits  (before  tax 

credits)  alleged  for  four  years  as  fol- 
lows: 1953,  $6  million;  1954,  $6  mil- 

lion; 1955,  $3.5  million  and  1956,  $4 
million.  All  cases  pending  in  the  Tax 
Court. 

Martin:  Has  a  total  of  $19.3  million 
in  excessive  profits  (before  tax  credits) 
alleged  for  four  years  as  follows:  1953, 
$3.5  million;  1954,  $6.5  million;  1955, 
$3.5  million;  and  1956,  $4.8  million.  All 
cases  pending  in  the  Tax  Court. 

North  American:  Has  a  total  of  $29 
million  in  excessive  profits  (before  tax 
credits)  alleged  for  1953  through  1955 
inclusive  plus  an  undisclosed  gross 
amount  for  1958.  For  1953,  $6  million; 
1954,  $14  million  (these  two  years  com- 

bined into  one  petition  and  heard  by 
the  Tax  Court  Renegotiation  Board 
upped  totals  to  $16  million  and  $21.- 
500,000  after  witnesses  were  heard  in 
the  case),  1955,  $9  million.  A  determi- 

nation was  made  that  no  excessive  prof- 
its were  realized  during  1956  and  1957. 

Determinations  have  yet  to  be  made  for 
1959  through  1961  inclusive.  The  com- 

pany has  filed  petitions  with  the  United 
States  Tax  Court  protesting  the  imposi- 

tions of  the  Renegotiation  Board  for  the 
years  noted.  K 
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soviet  affairs 

by  Dr.  Albert  Parry 

Without  cybernetics,  Soviet  space  successes 
would  have  never  been  possible.  Yet  only  eight  years  ago  certain  Soviet 
dogmatists  denounced  the  entire  science  of  cybernetics.  Thus,  with 
wonder  and  indignation,  writes  the  world-renowned  atomic  physicist 
Professor  Peter  Kapitsa  in  his  article  "Theory,  Experiment,  Practice" 
in  the  Moscow  weekly  Ekonomicheskaya  Gazeta  for  March  26.  De- 

risively he  quotes  the  Soviet  Philosophical  Dictionary,  published  in 
1954  soon  after  Stalin's  death,  and  still  reflecting  the  official  Stalinist 
stand:  "Cybernetics  is  a  reactionary  pseudo-science,  emerging  in  the 
United  States  after  World  War  II  and  widely  spreading  in  other 
capitalistic  countries  as  well." 

Seizing  upon  the  title  of  the  dictionary, 

Professor  Kapitsa  mocks  the  Stalinists  as  "philosophers"  who  "made  a 
mistake,"  but  who  as  philosophers  should  have  foreseen  further  devel- 

opment of  natural  sciences  instead  of  pronouncing  their  rigid  judg- 
ments of  a  past  phase  of  these  sciences.  Never  once  does  he  call  them 

Stalinists;  the  professor  merely  says  that  "this  mistake  has  been  cor- 
rected," then  goes  on:  "Had  our  scientists  at  the  time,  in  1954,  obeyed 

the  philosophers;  had  they  adopted  this  definition  [of  cybernetics]  as 
their  directive  for  the  further  development  of  this  science,  we  can  say 
that  our  conquest  of  outer  space,  of  which  all  of  us  are  justly  proud 
and  for  which  the  whole  world  respects  us,  could  not  have  happened, 
since  it  is  impossible  to  guide  a  spaceship  without  cybernetic  machines." 

The  Soviet  atomic  bomb  also 

would  have  been  an  impossibility,  Professor  Kapitsa  continues,  had 
the  Soviet  "philosophers"  been  heeded  in  their  denunciation  of  another 
scientific  milestone:  Albert  Einstein's  work  on  relativity.  Early  in 
Einstein's  time,  physicists  confirmed  his  theory  by  their  experiments 
with  atomic  particles.  "To  understand  these  experiments  a  profound 
knowledge  of  the  latest  physics  was  needed,  but  certain  philosophers 
lacked  such  knowledge,"  Kapitsa  writes.  "And  now  physicists  confirm 
the  Einstein  law,  not  on  separate  atoms,  but  on  the  scale  of  the  atom 
bomb.  How  embarrassed  our  physicists  would  have  been  had  they  fol- 

lowed the  certain  philosophers'  conclusions  and  had  they  ceased  their 
work  on  the  problem  of  applying  the  theory  of  relativity  in  nuclear 

physics!" 

Kapitsa  hits  at  Trofim  Lysenko 
for  his  interference  in  genetics.  Without  naming  him,  he  clearly  blames 
Lysenko  for  "the  incorrect  generalizations  made  by  our  philosophers, 
not  alone  in  the  field  of  physics,  but  also  in  biology."  He  follows  this 
up  with  a  daring  criticism  of  dialectics,  that  pet  of  the  Marxists, 
writing:  "Application  of  dialectics  in  the  realm  of  natural  sciences  de- 

mands an  exceptionally  thorough  knowledge  of  experimental  facts  and 
their  theoretical  generalization.  Without  this,  dialectics  by  itself  cannot 
solve  the  question." 

Too  little  experimentation  goes  on 

in  the  Soviet  Union  these  days,  Professor  Kapitsa  warns  in  his  signifi- 
cant article.  He  sees  in  this  a  danger  signal  for  the  future  of  Soviet 

science.  As  editor  of  the  journal  Eksperimentalnaya  i  Teoreticheskaya 
Fizika,  he  says  he  knows  this  lag  from  the  disparity  in  articles  sub- 

mitted to  him  from  all  over  Russia:  the  theme  of  these  articles  is 
theoretical  physics,  as  opposed  to  experimental  physics,  by  ratios  of 
3  to  1  and  even  4  to  1.  "Young  people,  on  graduating  from  higher 
schools,  prefer  theoretical  work  to  experimental,"  he  points  out.  "We 
cannot  permit  any  lag  in  experimental  physics,  for  this  would  greatly 
hinder  the  normal  growth  of  our  physics — would  prevent  it  from 
occupying  leading  positions  in  the  world's  science  along  the  entire 
front  of  most  important  researches." 

R/M  ASBESTOS- 
PHENOLICS 

The  component:  MOTOR  LININGS 

The  missile:  SIDEWINDER 

Motor  linings  for  the  Sidewinder  air-to- 
air  missile  must  remain  compatible  with 
the  missile's  solid  fuel  under  widely  vary- 

ing conditions  of  heat,  cold,  moisture 
and  pressure. 
R/M  asbestos-phenolics  are  the  ac- 

cepted material  for  these  insulation  liners 
because  they  are  virtually  unaffected  by 
environmental  conditions.  The  missile 
industry  depends  on  them  to  remain 
compatible  with  the  fuel  in  tropic  or 
arctic  locations  ...  in  flight  or  in  storage. 

These  asbestos-phenolics  are  based  on 
extra-long,  spinning  grade  asbestos  fibers 
to  provide  superior  thermal  insulation 
and  dimensional  stability.  They  ablate 
uniformly.  They  save  weight  without 
sacrificing  strength.  And  they  show  ex- 

cellent reproducibility  in  fabrication  as 
well  as  proved  reliability  in 
performance. If  these  advantages  add 

up  to  what  you've  been looking  for,  and  you  want 
cost  savings,  too.  talk  to 
R/M  specialists  now. 

Wrapped  motor  lining  of 
R/M  asbestos-phenolic  tape. 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department,Manheim,Pa. 

SPECIALISTS  IN  ASBESTOS, 
RUBBER,  ENGINEERED  PLASTICS,  SINTERED  MET  At 
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contracts 

ENGINEERS: 

1    iff^J  Systems,  Design, 
\  1  — '  Development 
\  I  PHYSICISTS 

opportunity 

and 

advancement 

are 

'GO' 

at  VITRO! 

DYNAMIC  EXPANSION 
CREATES  NEW 
CAREER  POSITIONS 

Vitro  Laboratories  is  expanding  on  all  fronts  .  .  . 
missile  systems  engineering  . . .  design  and  devel- 

opment .  .  .  analysis  .  .  .  research  and  study.  We 
invite  you  to  enter  the  "go"  climate  of  Vitro. 
MISSILE  SYSTEMS  ENGINEER 
System  engineering  in  Polaris  Weapons  System, 
including  analysis  of  various  complex  electro- 

mechanical sub-systems.  Will  makecompansonsof 
sub-subsystems  operations,  conduct  necessary 
studies  to  confirm  conformance  of  sub-system 
components  with  operational  requirements,  and 
engage  in  liaison  with  sub-contractors  to  support 
above  activities.  BSEE  or  equivalent.  Experience 
in  design  of  digital  circuitry  and  related  test  equip- ment desirable. 

SR.  MATHEMATICIAN 
Review  and  analysis  of  Polaris  system  functional 
design  to  determine  a  proper  error  assignment  on  a 
computational  criteria  basis.  BS  or  MS  in  mathe- 

matics. Four  to  ten  years'  missile  systems  relia- bility experience  desirable. 
ELECTRICAL  ENGINEER 
Will  analyze  missile  systems  for  good  engineering 
practices  to  reduce  radio  frequency  interference; 
conduct  RFI  measurements  in  lab  and  aboard  ship 
to  reduce  specific  RFI  effects.  Position  requires 
experience  in  these  areas  or  antenna  studies,  RF 
propagation  theory,  electromagnetic  radiation 
hazard  studies  or  associated  design  or  evaluation. BSEE. 
Direct  your  inquiry  to: 
Manager.  Professional  Employment 

l/i'fro LABOBATOR/ES Division  of  Vitro  Corporation  of  America 
Dept.  229,  140U0  Georgia  Ave., Silver  Spring,  Maryland 
(Residential  suburb  of  Washington,  D.C  ) Phone:  WHitehall  2-7200 
An  equal  oooorlunitv  employer 

AIR  FORCE 

$38,373,318— The  Boeing  Co.,  Seattle,  for  pro- 
duction of  Minuteman  missiles,  training 

equipment,  spare  parts  and  production 
and  supplying  of  ground  support  equip- 

ment  (2  contracts). 
$36,536.000— Thiokol  Chemical  Corp.,  Bristol, 

Pa.,  for  continued  research  and  develop- 
ment for  the  Stage  I  Minuteman  motor. 

$29,930.750— Martin-Marietta  Corp.,  Baltimore, for  R&D  for  the  Titan  II  weapon  system, 
work  to  be  done  In  Denver,  Baltimore  and 
Cape  Canaveral:  for  production  of  spare 
parts,  special  tools  and  test  equipment  for 
operational  support  of  Titan  I  bases,  work 
to  be  done  in  Denver;  and  for  R&D  of  a 
space  program  launch  vehicle  (3  con- tracts) . 

$16,000.000— North  American  Aviation,  Inc., 
Downey,  Calif.,  for  R&D  for  Minuteman 
guidance  and  control. 

$11,067.008— The  Boeing  Co.,  Seattle,  for 
assembly  and  checkout  of  Minuteman 
missile  site  equipment  at  Malmstrom  AFB, 
Great  Falls,  Mont.,  Whiteman  AFB,  Knob 
Knoster,  Mo.,  and  Mlnot  AFB,  Minot, 
N.  D.  (3  contracts). 

$10.000.000— Westinghouse  Electric  Corp.,  Bal- 
timore, for  AN/FPS-27  search  radar  sets. 

$8,300,000 — General  Motors  Corp.,  Milwaukee, 
for  lnertial  guidance  systems  for  the Titan  II  missile. 

$7,000,000 — The  Boeing  Co.,  Seattle,  for  work 
on  the  Dyna-Soar  program. 

$6,300,000 — Mr-lpar,  Inc.,  Falls  Church,  Va., for  circuit  board  assemblies  and  modules 
for  the  Minuteman  lnertial  guidance  sys- 
tem. 

$5,228.818 — American  Bosch  Arma  Corp.,  Gar- 
den City,  N.Y.,  for  depot  tooling  to  sup- 

port the  Atlas  organic  maintenance 
program,  for  spares  for  Atlas  airborne 
guidance  systems,  and  for  depot  level 
maintenance  in  support  of  the  Atlas  all- 
lnertlal  guidance  system  (3  contracts) . 

$4,750,000 — Douglas  Aircraft  Co.,  Santa  Mon- 
ica, Calif.,  for  the  MB-1  Genie  missile; also  undisclosed  amount  for  12  Thor 

boosters  for  future  space  program  require- 
ments. 

$2,849,000  —  Space  Technology  Laboratories, 
Inc.,  Los  Angeles,  for  systems  engineer- 

ing and  technical  direction  for  Atlas, 
Titan   and  Minuteman   weapon  systems. 

$2,000.000— Federal  Electric  Corp.,  Paramus, 
N.J.,  for  installation  of  an  interim  tropos- 
pheric  scatter  communication  system. 

$1.850,000 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica.  Calif.,  for  Thor  space  boosters. 

$1,512,000 — General  Electric  Co.,  Syracuse. 
N.Y.,  for  airborne  guidance  equipment  for 
space  programs. 

$1,500,000 — General  Telephone  &  Electronics 
Corp.,  Waltham,  Mass.,  for  expansion  of 
missile  site  communications  systems  at 
Francis  E.  Warren  and  Schilling  AFB's. 

$1,472.821 — General  Dynamics  Corp.,  San 
Diego,  for  supplemental  contract  for 
launch  services  and  related  work  at  Point 
Arguello. 

$1,200,000 — Aerojet-General  Corp.,  Sacramen- 
to, for  an  engineering  analysis  develop- 

ment program  in  support  of  liquid-rocket 
engines  and  related  equipment  for  Titan 
missiles. 

$1,200,000— Kellogg  Switchboard  and  Supply 
Co.,  Chicago,  for  design  and  engineering 
in  support  of  Atlas  ground  communication 
systems  and  equipment. 

$1.196,486 — General  Dynamics  Corp.,  San 
Diego,  for  ground  support  equipment  and 
airborne  spares  for  Atlas  missiles. 

$1,000,000 — Ford  Motor  Co.,  Dearborn,  Mich., 
for  work  on  operational  subsystems  and 
service  for  Atlas  and  Titan  missiles. 

$370.000 — Fairchild  Semiconductors  Corp., Mountain  View.  Calif.,  for  transistors  for 
the  Minuteman  ICBM. 

$100,000 — Meridian  Metalcraft,  Inc.,  Whittler, 
Calif.,  for  power  dividers  for  the  Minute- man  ICBM  systems. 

$100,000 — Emertron,  Inc.,  Emerson  Research Laboratory  division.  Silver  Spring,  Md.,  for 
a  research  and  study  program  aimed  at 
resolution  of  jamming  difficulties  in  aero- 

space communications. 

ARMY 
$4,540.000 — Blount  Brothers  Construction  Co., 

Montgomery,  Ala.,  for  construction  of  a 
second  launch  pad  and  umbilical  mast 
for  Complex  37  for  Saturn  vehicles  at  Cape Canaveral. 

$4,200.000 — Martin-Marietta  Corp.,  Baltimore, 
for  additional  work  on  the  Pershing  mis- sile system. 

$3,156,171— Paul  Smith  Construction  Co., 
Orlando,  Fla.,  for  dismantling  an  Atlas 
gantry  and  umbilical  mast  and  replacing 
them  with  a  taller  and  more  elaborate 
launch  facility  for  the  Atlas-Agena  vehicle 
at  Cape  Canaveral. 

$1,537,494 — Radio  Corp.  of  America,  Moores- 
town,  N.J.,  for  design  and  fabrication  of 
radar  materiel,  to  be  used  In  collecting 
data  on  re-entry  of  rocket  vehicles. 

$1,177,828— Iowa  Ordnance  Plant,  Burlington, 
Iowa,  for  production  of  cartridges,  blank 
cartridges  and  warheads  for  the  Nike- Hercules  missile. 

$1,118,213 — Radio  Corp.  of  America,  Defense 
Electronic  div.,  Moorestown,  N.J.,  for  the 
TRAD  EX  program  on  Rol  Amur,  Kwaja- 
leln  Island  chain,  a  part  of  the  Pacific missile  tracking  range 

$678,000 — Aircraft  Armaments,  Inc.,  Cockeys- 
ville,  Md..  for  design,  manufacture,  Instal- 

lation, and  maintenance  of  a  direct-fire 
simulation  system  for  use  with  the  Anti- Tank  Guided  Missile. 

INDUSTRY 
$1,000,000— Thiokol  Chemical  Corp.,  Elkton, 

Md.,  from  North  American  Aviation,  Space 
and  Information  Systems  Div.,  for  design 
and  construction  of  solld-propellant  tower 
jettison  motor  for  Apollo  program. 

$370.000 — Fairchild  Semiconductor,  Mountain 
View,  Calif.,  from  Boeing  Co.,  for  transis- tors for  use  in  the  Minuteman  weapon 

system. 
NAVY 

$5,603,000— Raytheon  Co.,  Chelmsford,  Mass.. 
for  fire  control  radars  for  the  Tartar  mis- sile system. 

$3,730,000 — Northern  Ordnance,  Inc.,  Minne- apolis, for  launching  systems  for  Tartar missiles. 
$1,092,435 — Hercules  Powder  Co.,  Wilmington, 

Del.,  for  plant  equipment  at  Rocket  Cen- ter, W.  Va.,  to  be  used  in  connection  with 
the  Polaris  propellant  development  pro- 

gram. $1,000,000 — Guidance  Technology,  Inc.,  Santa 
Monica,  for  roll  reference  gyros  for  the 
Bullpup  missile. 

$697,380— Vitro  Laboratories,  Silver  Spring, 
Md.,  for  system  engineering  and  related 
services  connected  with  Installation,  check- 

out and  test,  and  a  training  program  for the  Terrier  missile. 

NASA 
$1,600,000— Ling-Temco-Vought,  Inc.,  Astro- nautics div.,  for  blockhouse  and  ground 

support  equipment  for  the  Scout  launch facility  at  the  Pacific  Missile  Range. 
$171,495— The  Marquardt  Corp.,  Van  Nuys, 

Calif.,  for  a  study  of  space  rocket-engine chamber  cooling  techniques. 
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The  Industry  Week 

News  of  Mergers  and  Acquisitions 

Bissett-Berman  Corp.,  Santa  Monica,  Calif., 
acquired  Hytech  Corp.,  San  Diego,  manufacturer 
of  instrument  systems  and  components  for  ocean- 
ographie  research.  B-B  does  R&D  of  electronic 
systems  and  equipment  for  military  and  space 
applications.  Hytech  will  operate  as  a  divisional 
unit  of  the  parent  company.  .  .  .  Ortronix  Inc., 
Orlando,  Fla.,  acquired  Metro,  Inc.,  Detroit.  Metro, 
to  operate  as  a  division  of  Ortronix,  will  design 
and  fabricate  mobile  and  air-transportable  military 
vans,  trailers,  and  equipment  shelters.  The  division 
will  be  moved  to  Orlando  and  housed  in  a  new 
building  now  under  construction.  .  .  .  Technical 
Operations,  Inc.,  and  Beckman  &  Whitley,  Inc., 
stockholders  approved  a  proposed  merger  agree- 

ment. B&W  will  become  a  wholly-owned  subsidiary 
of  Tech  Ops,  a  Burlington,  Mass.,  diversified  R&D 
organization.  A  Tech  Ops  spokesmen  said:  "Both 
companies  are  engaged  in  closely  related  research 
and  product  activities  in  shock  phenomena,  de- 

tonation devices,  photography  and  meteorology. 
By  combining  our  efforts  we  gain  new  growth 
potentials  for  research  and  development  and  for 
expansion  of  product  lines."  .  .  .  Air  Products  and 
Chemicals,  Inc.,  AUentown,  Pa.,  acquired  The  Bal- 
bach  Co.,  Omaha,  Neb.,  distributor  and  manufac- 

turer of  industrial  gases  and  cutting  and  welding 
equipment.  Balbach  will  become  a  division  of  the 
parent  company,  which  says  the  acquisition  should 
materially  strengthen  company  activities  in  the 
Midwest.  .  .  .  Electro  Impulse  Laboratory,  Inc., 
Red  Bank,  N.J.,  acquired  controlling  interest  in 
Howard  Instrument  Co.,  manufacturer  of  digital 
instrumentation.  .  .  .  Greer  Marine,  former  division 
of  General  American  Transportation  Corp.,  Chi- 

cago, became  a  division  of  Fuller  Co.,  a  GATC  sub- 
sidiary. 

New  Industry  Facilities 

Tison-Pease,  Inc.,  Los  Angeles  manufacturer  of 
electronics  equipment  for  missile  base  ground  con- 

trol and  training  systems,  has  opened  a  new  7000- 
sq.-ft.  plant  facility.  .  .  .  American  Electronics,  Inc., 
will  complete  movement  this  month  of  its  Instru- 

ment Division  from  Culver  City,  Calif.,  to  the 
company's  new  headquarters  facilities  in  FuUerton, 
Calif.  .  .  .  Webb  and  Knapp  will  break  ground  within 
the  next  two  months  for  the  World's  Aviation, 
Space  and  Communications  Center  in  Washington, 
D.C.  The  $70-million  project  will  contain  five  build- 

ings, including  twin  nine-story  aviation  and  space 
buildings  designed  to  house  national  headquarters 
for  aerospace  industry  firms.  Provisions  have  been 
made  for  handling  all  confidential  and  secret 
work.  .  .  .  Space  Technology  Labs,  Inc.,  began 
operation  of  a  high-vacuum  chamber  capable  of 
simulating  vacuums  found  between  500  and  800 
miles  altitude.  .  .  .  Air  Industries  of  California, 
manufacturers  of  high-performance  fasteners  for 
the  aerospace  industry,  moved  to  a  new  50,000- 
sq.-ft.  plant  in  Gardena,  Calif.  .  .  .  General  Dyna- 

mics/Electronics occupied  new  production  labs  for 

its  CHARACTRON  Shaped  Beam  Tubes.  .  .  .  The 
Curtiss-Wright  Corp.  established  a  regional  office 
in  Huntsville,  Ala.  .  .  .  Fuller  Co.  will  build  a 
$350,000  addition  to  its  Catasauqua,  Pa.,  plant. 
Fifty  employees  will  be  added.  .  .  .  The  Thomas  & 
Betts  Co.,  Inc.,  began  construction  of  a  67,000- 
sq.-ft.  building  in  Elizabeth,  N.J.,  as  part  of  the 
company's  expansion  plans.  T&B  makes  electrical 
fittings  and  connectors  used  in  the  aerospace  in- 

dustry. .  .  .  Federal-Mogul-Bower  Bearing  Inc.'s 
Bower  Roller  Bearing  Div.  plans  a  64,000-sq.-ft. 
addition  to  its  Detroit  plant  to  extend  its  capacity 
for  manufacturing  missile  and  aircraft  bearings. 
.  .  .  Telemetries,  Inc.,  expanded  its  Gardena,  Calif., 
facilities.  .  .  .  International  Resistance  Co.  will 
expand  its  St.  Petersburg  Division  to  increase  pro- 

duction of  precision  trimming  potentiometers. 

International  News  Briefs 

General  Precision,  Inc.,  and  Mitsubishi  Electric 
Manufacturing  Co.;  Japan,  formed  Mitsubishi  Pre- 

cision, Inc.,  to  make  electronic  and  precision  equip- 
ment in  Japan.  An  agreement,  covering  15  years 

with  provision  for  extension,  calls  for  full  recip- 
rocal exchange  of  all  present  and  future  know-how, 

subject  to  national  security  regulations  of  both 
Japan  and  the  U.S.  Products  to  be  manufactured 
and  marketed  include:  GP  computers  and  data 
processors,  GP  avionic  systems  and  components, 
and  Doppler  navigation  equipment.  .  .  .  United 
Aircraft  Products,  Inc.,  Dayton,  Ohio,  and  Marston 
Excelsion,  Ltd.,  Wolverhampton,  England,  com- 

pleted a  cross-licensing  agreement  pertaining  to 
some  models  of  heat  exchangers  designed  by  each 
firm.  .  .  .  Kawecki  Chemical  Co.,  producer  of  rare 
metals  and  chemicals,  and  Durham  Chemical  Group 
Ltd.,  agreed  to  form  a  joint  enterprise  at  Birtley, 
England,  to  produce  master  alloys  for  the  alumi- 

num and  high-temperature  metallurgical  industries. 
The  two  companies  will  be  equal  partners,  with 
Durham,  an  English  firm  active  in  the  metallurgical 
and  inorganic  chemical  fields,  operating  the  new 
concern. 

New  Names  in  the  Industry 

Data  Science  Corp.  has  been  formed  in  San 
Diego,  Calif.,  as  an  electronics  firm  specializing 
in  engineering  and  manufacturing  of  digital  de- 

vices and  data  logging,  acquisition,  conversion,  and 
transmission  systems.  President  is  Ralph  G.  Mon- 
sees,  former  head  of  General  Dynamics  Advanced 
Products  Dept.  The  company  also  offers  aerospace 
contractors  design  of  electronics  and  electro- 

mechanical circuits  or  systems  and  manufacture 
of  required  hardware.  .  .  .  Western  Electrodynamics 
Co.  was  formed  at  Colorado  Springs  Colo.,  to  pro- 

duce electronic  measuring  and  testing  equipment, 
electrical  standards  equipment,  control  devices, 
electronic  instruments  and  scientific  apparatus. 
Founder  is  Claude  M.  Hathaway,  who  will  direct 
research  and  development  projects.  The  company 
is  building  a  SOflOO-sq.-ft.  plant,  scheduled  for 
completion  this  summer. 
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products  and  processes 

New  Product  of  the  Week: 

Linear  Power  Actuator 

The  Hoover  Electric  Co.  is  marketing 
its  Model  D-2460  high-load  lightweight 
linear  power  actuator.  This  unit  utilizes 
a  115-volt,  60  a-c  single-phase-series- 
type  motor,  and  operates  under  a  nor- 

mal load  of  10,000  lbs.  at  a  rate  of 
0.250  in. /sec.  The  maximum  operating 
load  is  25,000  lbs.  Basic  stroke  is  2.75 
in.;  this  can  be  lengthened  or  shortened 
to  suit  individual  requirements.  Motors 
for  400-cycle  operation,  single  or  poly- 

phase or  28-volt  d-c,  and  other  voltages 
are  available. 

The  actuator  has  an  electro-magnetic 
clutch-brake  for  low  overtravel  and 
irreversibility  (this  also  provides  the 
actuator  with  irreversibility  under  all 
non-operating  and  proof  loads),  ad- 

justable travel  limit  switches,  dust  shield 
over  the  jackscrew,  integral  thermal 
overload  protection,  Helco-designed 
self-centering,  self-lubricating  modified 
Acme  thread  form  on  jackscrew  (pro- 

vides long  life-minimum  end  play), 
self-aligning  fittings,  and  positive  non- 
jamming  mechanical  travel  stops. 

Circle  No.  225  on  Subscriber  Service  Cord 

Subminiature  Cable  Plug 

Sealectro  Corp.,  announces  a  new 
ConheX  subminiature  r.f.  right-angle 
cable  plug  featuring  a  built-in  test  jack 
that  permits  test  measurements  from 

the  center  conductor  ot  the  cable  with- 
out disturbing  the  connected  circuitry. 

It  is  designed  for  50-  or  75-ohm  im- 
pedance cable  and  connections,  and 

that  optimum  impedance  is  maintained 
throughout  the  right-angle  conductor 
path  and  the  tap-off  for  the  test  jack. 

Circle  No.  226  on  Subscriber  Service  Cord 

Snap-Action  Attenuators 

A  series  of  compact,  snap-action  at- 
tenuators have  been  introduced  by  MCS 

Corp.  They  are  capable  of  providing 
any  factory-set  value  of  attenuation, 
from  0 — 40db.  A  Va  turn  of  the  knurled 
index  knob  automatically  inserts  the  at- 

tenuating element,  removing  guess- 
work. When  adjusted  to  its  maximum 

value  of  attenuation,  the  drive  knob 
automatically  locks  in  place,  preventing 
accidental  movement. 

Circle  No.  227  on  Subscriber  Service  Cord 

Hydraulic  Pumps 

Parker  Aircraft  has  developed  a  hy- 
draulic pump  for  high-speed,  high-tem- 

perature applications.  Development  tests 
have  proved  the  suitability  of  direct  tur- 

bine drives  at  speeds  up  to  50,000  RPM 
with  fluid  temperatures  over  400°F.  Life 
expectancy  is  far  in  excess  of  typical 
missile  requirements,  offering  high  reli- 

ability and  the  capability  of  repeated 
system  checks.  Speeds  up  to  60,000 
RPM  can  be  obtained  in  the  lower  flow 
ranges. 

Circle  No.  228  on  Subscriber  Service  Card 

Rotary  Potentiometer 

High  power  and  high-temperature 
stability  are  combined  in  the  new  sub- 

miniature rotary-type  potentiometer  in- 
troduced by  Daystrom,  Potentiometer 

Division.  The  unit  case  measures  only 

Vi  in.  x  u/&>  in.,  operates  up  to  250°C 
and  dissipates  3  watts  in  still  air  at  50°C. Standard  resistance  values  range 
from  10  ohms  to  50  kilohms.  Available 
with  or  without  stops,  and  in  all  panel 
mounting  modes,  it  exceeds  all  appli- 

cable MIL  specs. 
Circle  No.  229  on  Subscriber  Service  Card 

C  Band  Amplifiers 

Lightweight  C-band  traveling-wave 
tube  amplifiers  with  a  guaranteed  max- 

imum noise  figure  of  less  than  7  db  are 
now  available  from  General  Electric 

Co. 
These  tubes  feature  permanent- 

magnet  focusing  and  metal-ceramic 
construction.  They  are  built  to  with- 

stand shock  up  to  30  g  and  vibration 
of  at  least  5  g,  and  can  operate  over 
wide  temperature  ranges  without  varia- 

tion in  performance. 
These  low-noise  tubes  are  furnished 

as  completely  packaged  assemblies,  in- 
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eluding  permanent  focusing  magnets, 
r-f  and  d-c  connectors  and  housing. 
Approximate  package  dimensions  are 
9.25  x  4.5  x  3  in.,  and  weight  is  11.5 
lbs. 

Circle  No.  230  on  Subscriber  Service  Cord 

Voltage  Converters 

A  line  of  ultra-precision  expanded 
scale  megacycle  frequency-to-analog 
voltage  converters  is  being  produced  by 
Pioneer  Magnetics  Inc.  Conversion  ac- 

curacies of  ±0.1%  and  ±0.01%  of  full 
scale  are  available  in  standard  units 
with  negligible  environmental  drift.  The 

unit  is  a  completely  static,  self-con- 
tained precision  detector  which  converts 

a  pulse  rate  to  a  directly  proportioned 
d-c  voltage  or  current,  and  by  means  of 
an  integral  zero  suppression  circuit 
furnishes  a  zero-to-full-scale  output  sig- 

nal over  a  selected  narrow-input  signal 
frequency  range. 

Circle  No.  231  on  Subscriber  Service  Card 

Sensitive  Voltmeter 

Landsverk  Electrometer  Co.  an- 
nounces its  model  L-90  Electrostatic 

Voltmeter,  designed  to  fulfill  the  long 
search  for  a  sensitive  instrument  to 
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measure  high  insulation  leakage  and  the 
ion  content  of  liquids. 

Contained  in  a  case  measuring  7  in. 
x  7  in.  x  9  in.,  it  weighs  only  slightly 
more  than  six  pounds,  making  it  a  con- 

venient battery-powered  portable  in- 
strument accurate  to  within  approxi- 

mately one  volt.  It  measures  both  posi- 
tive and  negative  input,  with  resistance 

running  1017  ohms  minimum.  Input  ca- 
pacity is  established  at  10  uff  maximum. 

Circle  No.  232  on  Subscriber  Service  Cord 

Compensated  Thermocouple 

Trans-Sonics,  Inc.,  announces  the 
availability  of  a  thermocouple  trans- 

ducer which  provides  its  own  cold-junc- 
tion reference  compensation. 

The  transducer's  body  contains  a 
platinum  resistance  temperature  sensor 
placed  in  close  proximity  to  chromel- 
copper  and  alumel-copper  junctions. 
The  output  of  the  platinum  element  is 
used  to  compensate  the  output  from 
the  exposed  chromel-alumel  thermo- 

couple. Capable  of  operation  over  the 
— 400°F  to  +1500°F  range,  the  unit  is 
designed  with  airborne  applications  in 
mind. 

Circle  No.  233  on  Subscriber  Service  Card 

Wire  Sonic  Delay  Lines 

Wire  sonic  delay  lines  are  available 
from  Snecialty  Devices  Operation,  Gen- 

eral Electric  Co.,  for  assured  operation 
in  severe  military  vibration  and  shock 
environments.  They  can  be  designed  for 

a  tested  capability  of  50  g's  shock  or 
more,  and  20  g's  vibration  from  20  to 2000  cycles. 

Circle  No.  234  on  Subscriber  Service  Card 

Heatless  Seal  Rectifiers 

A  hermetic  sealing  process  in  sili- 
con rectifiers  has  been  introduced  by 

Transitron  Electronic  Corp.  The  cap 

and  base  are  joined  by  the  "cold  flow" of  copper  into  steel  as  the  parts  are 
forced  together  under  high  pressure. 
These  rectifiers  meet  all  required  mili- 

tary and  industrial  tests  for  moisture 
resistance  and  hermeticity. 

Circle  No.  235  on  Subscriber  Service  Card 

new  literature 

RELAYS,  MODULES,  SENSORS  — 
HI-G  has  available  a  40-page  Catalog 
No.  861  featuring  its  standard  line  of 
balanced  armature  relays,  solid-state 
timing  modules,  fixed-delay  and  ad- 

justable-delay electronic  time-delay  re- 
lays, voltage  sensors,  and  a  special 

customer-designed  line  of  electronic 
packages  or  assemblies.  All  catalog 
items  are  presented  with  complete  elec- 

trical and  environmental  specifications, 
electrical  diagrams  and  drawings  of 
header  and  enclosure  styles  available. 

Circle  No.  200  on  Subscriber  Service  Card 

COMPONENT  COATING— A  line  of 
automatic  equipment  for  high-produc- 

tion coating  of  electrical  and  electronic 
components  is  described  and  illustrated 
in  a  new  brochure  available  from  Con- 

forming Matrix  Corp.  Included  are  a 
remote  masking  spray  coater,  a  pow- 

dered-resin-coating machine,  automatic 
tray  loading  machine  and  magazine 
loader. 

Circle  No.  201  on  Subscriber  Service  Card 

AMPLIFIER  BROCHURE— A  bro- 
chure is  now  available  on  Military  and 

Computer  Electronics  Corp.  (MACE 
Corp.)  The  company  designs  and  man- 

ufactures a  broad  line  of  low-level 
magnetic  amplifiers,  servo  and  power 
amplifiers,  toroidal  pulse  transformers 
— in  military,  reduced  military,  and  in- 

dustrial classifications.  The  eight-page, 
two-color  brochure  covers  products,  en- 

gineering, quality  control  and  facilities, 
as  well  as  background  on  key  person- 

nel. It  is  designed  for  mounting  in 
standard  size  loose-leaf  binders. 

Circle  No.  202  on  Subscriber  Service  Card 

ELECTRON  TUBE  CATALOG— A 
new  24-page,  illustrated,  1962  Electron 
Tube  Condensed  Catalog,  featuring  65 
new  products,  is  available  through  Lit- 

ton Industries'  Electron  Tube  Div. 
Quick-reference  specifications  and  pho- 

tographs describe  most  of  Litton's  un- classified microwave  tubes,  display  de- 
vices and  operational  accessories — in- 

cluding magnetrons,  klystrons,  travel- 
ing wave  tubes,  millimeter  wave  tubes, 

switch  tubes,  cathode  ray  tubes,  fiber 

optic  tubes,  M-BWO's,  and  crossed- field  forward-wave  amplifiers. 
Circle  No.  203  on  Subscriber  Service  Card 

DIGITAL  INSTRUMENTS  —  Specifi- 
cation sheets  which  give  complete  in- 

formation on  the  company's  new  Series 
800  all-electronic,  four-  and  five-digit, 
AC/ DC  digital  voltmeters,  ratiometers 
and  ohmmeters  are  now  available  from 
Electro  Instruments,  Inc.  The  five  sheets 
discuss  the  operation,  features,  mechan- 

ical and  electrical  specifications. 
Circle  No.  204  on  Subscriber  Service  Card 
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names  in  the  news 

FAIRCHILDS DERUS THOMAS 

Don  Fairchilds:  In  the  newly  created 
post  of  public  relations  manager  at  Ryan 
Aeronautical  Co.,  San  Diego,  will  super- 

vise advertising,  public  relations,  special 
programs  and  the  public  relations  office  at 
the  Kearny  Mesa  electronics  facility. 

Frederick  Gowen:  Promoted  to  vice 
president-engineering  of  the  R.  E.  Darling 
Co.,  Inc.,  Bethesda,  Md. 

Philip  P.  Johnston:  Named  vice  presi- 
dent-planning for  Ametek,  Inc.,  New  York 

City. 

J.  Thomas  Pitts:  Will  succeed  O.  B. 
Wilson  as  vice  president-marketing  of  the 
Industrial  Products  Group  of  Minneapolis- 
Honeywell  Regulator  Co.  At  the  same 
time,  Robert  B.  Grant  will  replace  Pitts  as 
sales  manager  of  the  Brown  Instruments 
Division. 

Dan  A.  Kimball:  Elected  to  the  board 
of  directors  of  Hycon  Manufacturing  Co., 
Monrovia,  Calif.  Kimball  is  president  of 
Aerojet-General  Corp.  and  chairman  of 
the  Aerospace  Industries  Association. 

Richard  A.  Denis:  Joins  Alto  Scientific 
Company,  Palo  Alto,  Calif,  as  vice  presi- 

dent, and  will  assume  an  active  role  in 
new-product  development  for  industrial 
and  military  marketing. 

Gen.  C.  Pierre  Cabell,  USAF  (Ret.): 
Former  deputy  director  of  CIA,  has  joined 
the  Bissett-Berman  Corp.,  Santa  Monica, 
Calif.,  as  a  consultant  on  long-range  de- 

velopment planning  and  technical  guid- 
ance in  the  general  field  of  information 

requirements. 

Gerald  J.  Hogan  and  Harlan  S.  Hosier: 
Manufacturing  manager  and  Washington 
office  manager/assistant  vice  president,  re- 

spectively, have  been  elected  vice  presi- 
dents of  the  Kaman  Aircraft  Corp., 

Bloomfield,  Conn. 

Owen  F.  Walker:  Partner  in  the  Cleve- 
land law  firm  of  Thompson,  Hine  and 

Flory,  was  elected  to  the  board  of  direc- 
tors of  PneumoDynamics  Corp.,  Cleve- 
land. Re-elected  to  the  board  were  Sam  S. 

Mnllin  as  chairman,  John  J.  Rrogan,  Ger- 
ard A.  Fnlham,  and  Tad  Stanwick,  all  of 
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whom  are  associated  with  the  company; 
and  John  L.  Arnold,  partner,  Estabrook 
and  Co.,  Charles  H.  Dyson,  chairman,  the 
Dyson-Kissner  Corp.,  Blancke  Noyes,  part- 

ner, Hemphill,  Noyes  &  Co.,  Joseph  J. 
O'Connell,  partner.  Chapman,  Walsh  & 
O'Connell,  and  Allan  K.  Shaw,  vice  presi- 

dent, the  Cleveland  Trust  Co. 

Alfred  A.  Goldberg:  Will  be  responsible 
for  commercial  and  military  sales  and  mar- 

keting program  of  stabilized  d-c  power 
supplies  and  systems  for  Power  Designs, 
Inc.,  Westbury,  N.Y.,  in  his  new  position 
of  vice  president-sales. 

Russell  E.  Bauer:  Named  to  the  office 
of  vice  president-electronics  and  servo  sys- 

tems group  of  Ex-Cell-0  Corp.,  Detroit. 

Herbert  E.  Peitzer:  Promoted  to  vice 
president  of  the  Engineering  Divisions  of 
Arde  Inc.  in  Newark,  N.J.,  and  Hunts- 
ville,  Ala. 

Robert  C.  Rosaler:  Appointed  vice 
president  and  general  manager  of  M.  ten 
Bosch,  Inc.,  Pleasantville,  N.Y. 

Victor  J.  Pollock:  Brought  into  Leach 
Corporation,  Compton,  Calif.,  as  financial 
vice  president  and  treasurer. 

Dr.  Wernher  von  Brann:  Director  of 
the  Marshall  Space  Flight  Center,  was  re- 

cently awarded  the  French  Order  of  Merit 
for  work  in  the  field  of  research  and  in- 

vention. Other  scientists  honored  at  the 
same  time  included  Professors  Hermann 
Oberth  and  Eugene  Sanger,  and  Doctors 
Theodore  von  Kami  an  and  Frank  Malina. 

J.  M.  Cumming,  J.  E.  Kendall,  and 
S.  J.  Domokos:  Named  general  manager 
of  Space  Engines,  assistant  general  man- 

ager and  acting  manager  of  Space  Engines 
Manufacturing,  and  chief  engineer,  respec- 

tively, of  Rocketdyne,  a  division  of  North 
American  Aviation,  Inc. 

Capt.  E.  N.  Dingley,  Jr.,  USNR  (Ret): 
With  the  Advanced  Development  Labora- 

tory of  Electronic  Communications.  Inc., 
St.  Petersburg,  Fla.,  appointed  chairman  of 
the  International  Administrative  Commit- 

tee of  the  IRE  Professional  Group  for 
Military  Electronics. 

W.  E.  Thomas:  Former  executive  vice 
president  and  a  member  of  the  board  of 
directors,  has  been  made  president  of 
Magnaflux  Corp.,  Chicago,  a  subsidiary  of 
General  Mills. 

W.  R.  Kiefer:  In  his  new  position  as 
corporate  director  of  materiel,  Ling-Temco- 
Vought,  Inc.,  will  formulate  policies  for 
the  procurement  of  more  than  $100  mil- 

lion annually  in  material  and  equipment. 

Douglas  D.  Danforth:  General  manager 
of  the  Westinghouse  Electric  Corporation's control  division,  has  been  elected  a  vice 
president  of  the  company. 

William  A.  McCracken:  Will  fill  the 
newly  created  position  of  vice  president- 
operations  of  the  General  Instrument  Corp., 
capacitor  division,  Newark,  N.J. 

J.  Walton  Colvin:  Named  manager  of 
plans  and  programs  for  General  Dynamics/ 
Electronics-San  Diego. 

Dr.  James  C.  Hodge:  Former  executive 
vice  president,  was  elected  president  of  the 
Warner  &  Swasey  Co.,  Cleveland.  Walter 
K.  Bailey,  who  has  served  as  president,  was 
made  chairman  of  the  board  and  chief 
executive  officer. 

Donald  P.  LeGalley:  Scientific  Staff 
consultant  for  Space  Technology  Labora- 

tories, Los  Angeles,  has  been  appointed 
the  1962  chairman  of  the  American 
Rocket  Society  Guidance  and  Control 
Committee. 

Moody  Besancon:  Will  occupy  the  posi- 
tion of  vice  president-administration,  east- 

ern region,  of  Babcock  Electronics  Corp., 
with  offices  in  Washington,  D.C.  Lester  R. 
Ross  was  made  his  assistant. 

F.  Charles  Ruling:  Named  head  of 
Genera]  Electric  Company's  new  Aerospace and  Defense  Marketing  Operation;  Lionel 
H.  Naum  will  lead  a  new  Program  and 
Public  Information  Operation. 

Fred  A.  Peters:  Has  joined  California 
Computer  Products,  Inc.,  Downey,  Calif., 
as  administrative  assistant  to  the  vice  pres- 

ident and  chief  engineer. 
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-when  and  where- 

Second  Conference  on  Kinetics,  Equilibria 
and  Performance  of  High-Temperature 
Systems,  sponsored  by  the  Western 
States  Section  of  the  Combustion  Insti- 

tute, University  of  California,  Los  An- 
geles, April  16-18. American  Society  for  Metals,  Regional 

Conference  and  Exhibition,  Shamrock 
Hilton  Hotel,  Houston,  April  17-19. 

International  Symposium  on  Rocket  and 
Satellite  Meteorology,  sponsored  by 
World  Meteorological  Organization,  In- 

ternational Union  of  Geodesy  and  Geo- 
physics and  Committee  on  Space  Re- 
search, Department  of  Interior  Audi- 
torium, Washington,  D.C.,  April  23-25. 

American  Physical  Society,  American  Insti- 
tute of  Physics,  Sheraton-Park  Hotel, 

Washington,  D.C.,  April  23-26. 
Materials  Handling  Conference,  American 

Institute  of  Electrical  Engineers,  Pick- 
Carter  Hotel,  Cleveland,  April  24-25. 

Electromagnetic  Relay  Conference,  Okla- 
homa State  University,  Stillwater.  April 

24-  26. 
American  Institute  of  Electrical  Engineers, 

Great  Lakes  District  Meeting,  Hotel 
Van  Orman,  Fort  Wayne,  Ind..  April 25-  27. 

Western  Space  Age  Industries  and  Engi- 
neering Exposition  and  Conferences, 

Cow  Palace,  San  Francisco,  April  25-29. 
International  Symposium  on  the  Use  of 

Artificial  Satellites  for  Geodesy,  spon- 
sored by  International  Association  of 

Geodesy  and  Committee  on  Space  Re- 
search, U.S.  Naval  Observatory.  Wash- 
ington, D.C.,  April  26-28. 

Classified 

Let  Us  Move 

Your  Mobile  Home 
Across  the  street  or  across  the  nation, 

National  Trailer  Convoy  makes  moving  your 
mobile   home   as   easy  as   calling   a  taxi. 
National  Trailer  has  more  than  150  terminals 
in  strategic  cities  across  the  nation  and  the 
industry's  only  central  dispatch  system.  Call 
Central  Dispatch  collect  at  TEmple  5-8441, 
Tulsa,  Okla.,  or  your  nearest  NTC  terminal, 
listed  in  the  Yellow  Pages  under  "Trailer 
Transporting"  or  "Mobile  Homes — Trans 

porting." SAFE  •  SWIFT  •  SURE 

National  Trailer 

Convoy,  Inc. 

Tulsa,  Okla. 

WANTED 
Mechanical  Enqineers 

experienced     in     pressure  submarine 
designs  for  submersion.  Write  to: 
Box  74,  Missiles  &  Rockers  Magazine 

1001  Vermont  Ave.,  N.W. 
Washington  5,  D.C. 

ENVIRONMENT-CONTROLLED 
cleaning,  assembling,  overhaul  of 

ISSUE  COMPONENTS 
valves,  regulators,  filters, 
transducers,  disconnects, 
tanks,  tubing,  ducting  and 
ground  support  equipment. 
5,000  sq.  ft.  of  sterile  work 
area  certified  by  all  prime 
missile  manufacturers. 

STRAZA  INDUSTRIES 
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editorial . . . 

Those  Lush  Defense  Profits 

WE  ARE  DEEPLY  CONCERNED  over  damage 
to  the  industry  which  may  result  from  the  cur- 
rent Senate  profit  hearings. 

We  certainly  do  not  question  the  right  of  the 
Senate  Permanent  Investigations  Subcommittee  to 
probe  into  profits  on  missile  contracts.  The  sub- 

committee, in  fact,  has  been  careful  to  give  the 
contractors  concerned  a  full  and  immediate  oppor- 

tunity to  comment  on  the  figures. 
Nor  do  we  intend  to  discuss  here  the  question 

of  whether  the  specific  profits  involved,  made  by 
Douglas  Aircraft  Co.  and  others,  were  excessive. 
That  is  a  matter  for  the  committee  to  determine. 

But  we  do  want  to  discuss  the  quick  and  wide- 
spread acceptance  of  the  implication  that  because 

the  profits  were  large  they  probably  were  excessive. 
This  is  a  reflection  of  what  Lockheed  Chairman 

Courtlandt  S.  Gross  has  called  the  "hostility  to  fair 
and  adequate  profit  from  defense  work." 

For  some  reason,  the  attitude  persists  that  com- 
panies involved  in  the  defense  business  are  making 

vast  profits  on  armament.  Yet  aggregate  net  income 
of  Aerospace  Industries  Association  members  after 
taxes  is  reported  as  1.8  cents  on  the  sales  dollar  in 
1961. 

Indeed,  this  low  level  of  profit  makes  many  firms 
reluctant  to  participate  in  defense  business,  with  its 
many  controls  and  restrictive  practices.  Martin  Co. 
President  William  B.  Bergen  puts  it  this  way:  "It  is 
certainly  no  secret  that  the  profit  margins  of  defense 
contractors  are  considered  by  analysts  to  be  a  de- 

ficiency of  the  defense  industry." 
This  does  not  mean,  as  Bergen  pointed  out,  that 

a  firm  cannot  make  a  reasonable  profit  in  this  busi- 
ness. But  that  reasonable  profit  frequently  is  achieved 

against  long  odds. 
There  is  too  little  realization  that  the  fees  made 

on  a  single  program  often  are  spread  over  other 
necessary  expenditures  that  significantly  reduce  what 
a  company  reports  as  profit.  It  is  this  exercise  in 
semantics  that  is  confusing  many  in  the  current 
hearings. 

It  is  not  necessarily  the  cost  performance  of  a 
company  on  a  single  program  that  most  benefits  the 
nation.  It  is  the  ability  of  that  company  to  maintain 
its  overall  capability,  its  willingness  to  devote  engi- 

neering skills  and  facilities  to  advanced  programs 
which  are  not  as  yet  income-producers. 

This  is  where  the  defense  contractor  differs  from 
other  businessmen.  Comparisons  in  the  Senate  hear- 

ings to  conventional  activities  such  as  home-building 
are  misleading.  A  housing  contractor  is  seeking  the 
highest  possible  profit  margin  he  can  obtain  on  the 
house  he  currently  is  building. 

The  defense  contractor  must  concern  himself 
with  the  next  contract,  with  problems  to  which  the 
military  is  seeking  a  solution,  with  advancements  in 
technology. 

"The  defense  contractor's  backlog  may  look  beau- 
tiful today,  but  if  he  is  not  building  advanced  skills 

and  technologies,  if  he  is  not  studying  the  customer's future  needs,  then  he  is  certainly  headed  for  trouble 

at  some  point  in  the  future,"  says  Martin's  Bergen. 
On  a  single  program,  Lockheed  once  was  pre- 

contractually  exposed  to  the  extent  of  $26  million. 
The  firm  has  provided  more  than  $81  million  in 
private  funds  for  facilities  in  its  Missiles  and  Space 
Co.  Martin  in  a  recent  year  spent  $500,000  on  mate- 

rials research  alone. 
These  are  not  financial  activities  which  are  cov- 

ered in  the  funding  of  any  single  program.  The 
money  for  these  must  come  out  of  the  fees  paid  on 
many  programs.  Profit  is  what  the  company  then  has 
left  over. 

It  is  ironic,  in  a  sense,  that  Douglas  Aircraft 
bore  the  brunt  of  profiteering  charges  in  the  early 
days  of  the  hearings.  The  company  has  been  in  seri- 

ous financial  difficulty.  Douglas  profit  on  1961  total 
sales  was  enough  to  make  any  security  analyst  shud- 

der— less  than  1  percent.  In  1959  and  1960,  it  lost 
$53  million.  Book  value  of  Douglas  stock  has 
dropped  from  $40  to  less  than  $33.  Its  stockholders 
have  not  received  a  dividend  in  three  years. 

It's  a  strange  form  of  profiteering. 

THE  CHARGE  of  lush  profits  on  subcontracted 
work  will,  we  are  certain,  lead  to  suggestions  that 

the  government  should  handle  its  own  subcontracts 
to  eliminate  the  "middleman."  Yet  it  is  germane  to 
ask  what  might  have  happened  if  such  were  the  case 
on  the  Nike-Zeus  program.  The  Army,  setting  out  on 
such  a  course,  probably  would  have  found  it  did  not 
have  sufficient  personnel  with  the  necessary  technical 
management  skill.  Civil  service  pay  scales  would 
have  precluded  hiring  qualified  systems  management 
engineers.  Next  step  would  have  been  to  a  non- 

profit corporation  to  manage  the  program.  We  sug- 
gest that  the  cost  of  that  operation  might  have  been 

considerably  more  than  the  fees  paid  to  Douglas  and 
others  to  do  the  same  job — and  do  it  faster  and  more efficiently. 

We  suspect  company  president  Donald  Douglas, 
Jr.,  is  remembering  with  cause  a  speech  he  made  last 
October  in  California.  He  said  then: 

"While  there  is  always  room  for  improvement,  I 
think  our  defense  industries  are  trying  to  do  a  re- 

sponsible job.  Our  task  is  to  advance  these  efforts — 
not  to  throw  brickbats.  And  one  of  the  most  impor- 

tant things  we  can  do  is  clarify  for  defense  industry 
just  what  our  philosophy  is  concerning  its  place  in 

our  national  life." We  hope  the  result  of  the  Senate  hearings  will  be, 
not  merely  vilification,  but  that  clarification. 

William  J.  Coughlin 
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to  MULTI-MISSION  MISSILES 

BULLPUP  PRIME  CONTRACTOR:  THE  MARTIN-MARIETTA  CORP. 

First  in  packaged  liquid  rocket  engines 

Only  at  Thiokol  have  pre-packaged  liquid  rocket  engines  reached  production  as  fully  qualified,  highly 
reliable  power  plants  for  tactical  missiles.  A  Thiokol  development,  packaged  liquid  engines  now  used 

in  the  Navy's  Bullpup  and  the  U.S.A.F.  GAM-83,  are  fueled  at  the  factory.  They  withstand  rough 
handling,  extreme  temperatures,  extended  storage,  and  remain  ready  for  instant  firing.  Future  packaged 

liquid  engines  from  Thiokol  will  offer  even  greater  advantages  .  .  .  thrust  vector  control,  range  control, 

throttleability.  Experienced,  Thiokol  can  readily 

extend  its  packaged  liquid  accomplishments  to 
CHEMICAL  CORPORATION 
BRISTOL,  PENNSYLVANIA 

meet  growing  military  and  space  requirements.         FIRST   IN  ROCKET  PROPULSION 

Reaction  Motors  Division,  Denville,  New  Jersey  •  Rocket  Operations  Center;  Ogden,  Utah  •  An  Equal  Opportunity  Employer. 
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FUTURECRAFT 

CALIBRATION 

VALVE: 

SEALS  DEAD  TIGHT — 

FROM  0  TO  10,000  PSI 

With  this  Futurecraft  valve  you  can  isolate  and  cali- 
brate pressure  sensing  devices  while  a  system  is  oper- 
ating. You  avoid  costly  shut-downs . . .  reduce  calibration 

time  to  mere  minutes  . . .  eliminate  the  possibility  of 
component  damage.  No  need  for  a  shutoff  valve  — just 
insert  the  probe,  and  the  gauge  is  vented,  isolated  from 
system  pressure  and  connected  to  the  calibration  line. 

These  valves  are  ideal  in  pneumatic  or  liquid  systems 
requiring  periodic  calibration  of  gauges,  transducers, 
pressure  switches,  or  other  pressure  sensing  devices. 

Positive  keying  prevents  mismating.  Units  are  available 

CORP. 

with  keyed  probes  to  prevent  accidental  mating  of  in- 
compatible systems. 

For  panel  or  direct  mounting.  Available  with  AND 
10050-4,  ̂ 4"  female  super-pressure  or  \i"  female  pipe connections.  Separate  keyed  or  unkeyed  probes  are 
available  with  MS33656-4,  1/4"  male  super-pressure  or 
14"  male  pipe  connections. 
Anodized  aluminum  construction.  Stainless  steel  units 
also  available  on  order.  Calibration  valves  are  available 
with  or  without  probe. 

Send  us  your  requirements 

15430  Proctor  Avenue,  City  of  Industry,  California 
EDgewood  0-1611  •  TWX  CVNA  9653 

Circle  No.  1   on  Subscriber  Service  Card 



Photo  inset  shows  Curtiss-Wright  variable  thrust  rocket  engine  undergoing  demonstration  of  25:1  thrust  range. 

Major  New  Developments  in  Small  Rocket  Engines 

At  Curtiss-Wright,  a  large  engineering  team  is  placing 
emphasis  on  new  concepts  and  techniques  for  small 
rocket  engines  for  attitude  and  vernier  control. 

Variable  thrust  rocket  engines  provide  thrusts 
ranging  from  10  to  1500  pounds,  with  a  proven 
25:1  thrust  ratio.  Suitable  for  both  control  and  pro- 

pulsion of  space  vehicles,  these  powerplants  provide 
high  impulse  and  efficiency,  are  throttleable  and  can 
be  shut-off  and  started  in  flight. 

Solid  pulse  rocket  engines,  now  under  develop- 
ment for  attitude  control,  in  a  unique  concept,  are 

many  times  lighter  than  present  systems,  more  effi- 
cient, and  devoid  of  fuel  storage  and  leakage  problems. 

Liquid  pulse  rocket  engines  provide  up  to  100 
pounds  of  thrust.  Delivering  high  frequency  perform- 

ance, these  engines  exhibit  high  efficiency,  repeat- 
ability and  resolution. 

Further  development,  testing  and  fabrication  of  pro- 
totype engines  is  now  being  conducted  at  Wright 

Aeronautical  Division  under  several  contracts  from 
the  U.  S.  Air  Force  and  NASA  . 

Wright  Aeronautical  Division 

Curtiss  ffl  Wright 

Corp  oration 

Wood-Ridge,  New  Jersey 
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How  to  fuze  a  warhead 

Ford  Instrument  Company  knows  —  and  performance  proves  it.  Field-tested  fuzing  systems  developed  by  Ford  have  proven  their 
reliability,  accuracy,  and  superiority  over  other  systems  time  and  time  again.  Today,  Ford  fuzing,  arming  and  safing  devices  can 

be  found  on  several  tactical  ballistic  missiles.  Ford's  compact,  precise,  simple  fuzing  systems  have  never  known  failure.  Ford 
leads  the  field  with  7  years  experience  in  fuzing,  and  a  total  of  47  years  creating  other  military  computational  devices.  Put 

Ford's  experience  and  talents  to  work  for  you.  Write  to  General  Sales  Manager,  Dept.  1520,  at  New  York  address,  or  contact  the 
nearest  Ford  Instrument  regional  sales  office.  cng/i   |fc=Qfs|  gm^p^l^  C5fJt 

Regional  Sales  Offices:  Washington,  D.C.  —  2121  Wisconsin  Avenue.  Washington  7,  D.C.;  Southeast  —  Holiday  Office  Center,  3322  S.  Memorial 
Parkway,  Huntsville,  Alabama;  Midwest  - 1310  Talbott  Tower,  Dayton  2,  Ohio;  West  Coast -260  South  Beverly  Drive,  Beverly  Hills,  California 
CREATIVE    ENGINEERING    PLUS    EXPERIENCE    =    RELIABLE    SYSTEMS    FOR    CRUCIAL  MISSIONS 

2  5 



THE  WEEKLY  OF  SPACE  SYSTEMS  ENGINEERING 

missiles  and  rockets Volume  10,  Number  17 April  23,  1962 

Editor 
William  J.  Coughlin 

Managing  Editor 
Reed  Bundy 
Senior  Editor 

Charles  D.  LaFond  Eiectronics 
Associate  Editors 

William  Belief  Engineering 
Arthur  H.  Collins  Electronics 
Heather  M.  David  Space  Medicine 
Michael   Getter  Electronics 
John  F.  Judge  Advanced  Materials 
Frank  G.  McGuire  Propulsion 
David  Newman  News  Editor 
Hal  Taylor  NASA 
James  Trainor  Support  Equipment 
Willard  E.  Wllks  Business 

Contributing  Editors 
James  J.   Haggerty,   Dr.    I.    M.    Levitt,  Michael 
Lorenzo,    Dr.   Albert   Parry,    Bernard   Poirier,  Dr. 

Hubertus  Strughold,  G.  V.  E.  Thompson 
Floyd  G.  Arpan  Editorial  Consultant 
Bacil  Guiiey  Art  Director 
BUREAUS 
LOS  ANGELES  8929  Wilshire  Blvd.,  Beverly  Hills Richard  van  Osten  Bureau  Chief 
NEW  YORK  20  East  46th  Street 

Michael  Getler 
PARIS  II  Rue  Condorcet 
Jean-Marie  Riche 
GENEVA  10  Rue  Grenus 
Anthony  Vandyk 

EDITORIAL  ADVISORY  BOARD 
Dr.  Peter  Castruccio  Alexander  Satin 
Conrad  H.  Hoeppner  Dr.  Eugcn  Saenger 
Richard  F.  Gomperti    Vice  Adm.  H.  Sanders  (ret. ) 

James  W.  Claar 
Director  of  Advertising  and  Assistant  Publisher 

Paul  B.  Kinney  Eastern  Advertising  Manager Craig  L.  Mason  Director  of  Research 
Ron  Thorstenson  Sales  Promotion  Manage' John  N.  Carlin  Director  of  Circulation 
Eugene  White  Circulation  Manager 
R.  Virgil  Parker  Production  Manager Barbara  Barnett  Production  Assistant 

Published  each  Monday  with  the  exception  of  the 
last  Monday  in  December  by  American  Aviation 
Publications,  Inc.,  1001  Vermont  Ave.,  N.W.,  Wash- ington 5,  D.C.  Cable  Address:  AMERAV. 
Printed  at  Judd  &  Detweiler,  Inc.,  Washington, 
D.C.  Second  class  postage  paid  at  Washington, 
D.C.  Copyright  1962,  American  Aviation  Publica- tions, Inc. 

Subscription  rates:  U.S.  and  Possessions,  Canada, 
and  Pan  American  Postal  Union  Nations:  I  year 
$5.00,  2  years  $8.00,  3  years  $10.00.  All  other  foreign: 
I  year  $15.00,  2  years  $25.00,  3  years  $35.00.  Single copy  prices:  regular  issues  50  cents  each;  special 
issues  $1.00  each.  Subscriptions  are  solicited  only from  persons  with  identifiable  commercial  or  pro- 

fessional interests  in  the  missile/space  industry.  Sub- scription orders  and  changes  of  address  should  be 
referred  to  Circulation  Fulfillment  Mgr.  Missiles  and 
Rockets,  1001  Vermont  Ave.,  N.W.,  Washington  5, 
D.C.  Please  allow  4  weeks  for  change  to  become  ef- 

fective and  enclose  recent  address  label  if  possible. 
Publisher  Wayne  W.  Parrish 
Exec.  Vice  Pres. /Gen.  Mgr  Leonard  A.  Eiserer 
Vice  President  Fred  S.  Hunter 

THE  COVER 
NASA  technicians  ready  a  scale  model  of  a 
five-F-1 -engine  cluster  for  static  test  firing. 
A  "real"  F-l  cluster  will  power  Saturn  C-5 
lunar  launch  vehicle.  A  Saturn  shot  is  due 
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Is  your  problem 

RELIABILITY? 

FREBANK  COMPANY'S 
leadership  is  unequaled 

in  the  design,  develop- 
ment and  manufacture 

of  precision 

REGULATORS 
for 

missiles  and  rockets 
The  Model  4890  Pressure  Regulator  (illustrated 
above)  is  a  single-stage,  pilot-operated  device  in- 

tended to  control  pressure  in  a  gas-fi Med  reservoir. 
Advanced  design  features  include:  (1)  All  valve 
poppets  and  seats  are  metal;  (2)  No  dynamic, 
leak-tight  seals  are  required  other  than  a  metal 
diaphragm;  (3)  No  sliding  seals,  rubber  gaskets 
or  rubber  diaphragms  are  used;  (4)  No  lubrication 
is  required. 
Operational  Data  —  Regulated  pressure  range; 
100  to  300  psig.  Regulated  pressure  tolerance: 
=2  percent  with  inlet  pressure  to  500  psig;  ±4 
percent  over  full  inlet  pressure  range.  Inlet  pres- 

sure range:  325  to  3500  psig.  Flow  rate:  0.025 
pounds  per  second  of  nitrogen  at  100  psig  and 
80°F.  Temperature  range:  —  325°F.  to  +  300°F. 
Vibration  range:  0-2000  cps  at  65  g's. 
The  Model  4890  has  the  following  important  ad- 

vantages over  conventional  regulator  designs:  (1) 
Relatively  small  for  a  unit  with  its  capacity  and 
capability;  (2)  No  vibration  damping  devices  used, 
thus  permitting  use  of  very  minimum  number  of 
parts.  This  provides  high  degree  of  reliability; 
(3)  Simple  temperature  compensation  system  mini- 

mizes set  point  drift .  .  .  providing  wide  usable 
temperature  range. 
This  basic  design  is  adaptable  to  many 
applications. 

Let  us  submit 
proposals  on 

your  requirement', 

FREBM1K 

COMPANY 

711  W.  BROADWAY  ♦  GLENOALE  4,  CALIF. 
PRESSURE  SWITCHES • REGULATORS •  VALVES 
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letters 

Counter  Rebuttal 

To  the  Editor: 

Mr.  D.  L.  Leavitt's  exception  (Letters, 
M/R,  April  2)  to  my  position  (Letters, 
Feb.  26)  regarding  the  DOD  policy  of 
permitting  military  contractors  to  retain 
commercial  rights  in  inventions  arising  out 
of  the  performance  of  R&D  contracts  is 
forcefully  expressed. 

My  objection  to  the  DOD  policy  is  that 
it  is  indiscriminate  because  it  permits  mili- 

tary contractors  to  retain  commercial  rights 
in  inventions  without  regard  to  what  the 
contractor  does  with  the  invention. 

Mr.  Leavitt  fails  to  distinguish  between 
two  distinct  problems  relating  to  inventions 
which  a  company  encounters  when  it  does 
business  with  the  military. 

When  a  company  accepts  an  R&D  con- 
tract, the  problem  at  once  arises  as  to  how 

it  can  protect  inventions,  trade  secrets  and 
know-how  developed  or  acquired  entirely 
with  its  own  funds  from  appropriation  by 
the  government  as  an  incident  to  the  con- 

tract. The  government's  contract  practices tend  to  force  the  R&D  contractor  to  reveal 
proprietary  information  in  reports,  draw- 

ings, and  other  data  forms. 
Dissemination  of  that  information,  in 

turn,  tends  to  remove  the  advantage  ob- 
tained through  a  company's  own  ingenuity and  raises  other  contractors  having  access 

to  the  data  to  the  same  technological  level. 
A  company  having  many  R&D  contracts 
may  eventually  surrender  all  its  proprietary 
information. 

The  second  problem  concerns  the  pat- 
ent rights  in  an  invention  made  in  the  per- 

formance of  the  contract.  Where  the  inven- 
tion has  only  military  utility,  the  govern- 
ment— because  it  has  secured  a  license 

under  the  invention  for  governmental  pur- 
poses— obtains  all  the  valuable  rights  in 

the  invention  and  no  patent  rights  of  con- 
sequence remain  with  the  contractor.  When 

the  invention  also  has  commercial  uses,  the 
contractor  under  present  DOD  policy  re- 

tains commercial  rights.  It  is  around  the 
commercial  rights  that  the  battle  between 
the  government  and  the  big  military  con- tractors swirls. 

Many  contractors  maintain  that  com- 
mercial rights  should  stay  with  the  con- 

tractor, on  the  premise  that  the  military's 
interests  are  entirely  protected  by  its  li- 

cense to  use  the  invention  freely  for  gov- 
ernmental purposes.  That  position  ignores 

the  fact  that  the  incentive  for  the  invention 
was  the  performance  of  an  R&D  contract 
— not  the  desire  to  produce  a  commercial 
product.  That  position  overlooks  the  ways 
in  which  commercial  rights  in  a  patented 
invention  may  be  used. 

Such  rights  can  be  used  to  prevent  com- 
petitors from  copying  a  new  commercial 

product.  This  inhibits  competitors'  forcing the  price  down,  and  thereby  enables  the 
pioneering  company  to  recover  the  costs 
incurred  in  developing  the  item,  distribut- 

ing it  and  advertising  it.  To  use  commercial 
rights  to  nurture  a  new  product  is  to  use 
those  rights  constructively. 

Commercial  rights  can  also  be  em- 
ployed obstructively.  Recognizing  that  an 

invention  has  potential  commercial  uses,  a 
contractor  may  patent  it,  and  wait.  When 
someone  wants  to  use,  or  has  unwittingly 
used,  the  invention  in  a  commercial  prod- 

uct, the  contractor  can  demand  that  a  li- 
cense under  its  patent  be  purchased.  That 

manner  of  using  a  patent  is  obviously 
destructive.  It  taxes  the  initiative  of  those 
who  would  commercially  use  the  invention, 
while  not  requiring  the  contractor  to  do 
anything  but  patent  it. 

Recent  surveys  have  indicated  that  7% 
to  13%  of  the  R&D  inventions  patented  by 
contractors  are  used  in  commercial  prod- 

ucts made  by  the  contractors  or  their  li- 
censees. In  contrast,  where  inventions  are 

financed  entirely  with  company  funds,  over 
half  those  inventions  are  used  in  commer- 

cial products.  From  this,  it  is  evident  that 
a  company  does  not  have  the  same  incen- 

tive to  exploit  an  invention  arising  out  of 
an  R&D  contract  as  it  has  when  the  inven- 

tion is  paid  for  out  of  the  company's  own funds. 
Should  the  DOD  permit  a  contractor  to 

obtain  commercial  rights  in  inventions  aris- 
ing out  of  R&D  contracts  without  placing 

him  under  an  obligation  to  use  those  rights 
constructively? 

Louis  L.  Orenbuch 
Boston 

Trend  in  Exhibits 
To  the  Editor: 

Thank  you  very  much  for  your  report 
of  the  Aerospace  Industries  Association 
survey  of  exhibit  plans  ("Survey  Shows 
Firms  Cutting  Exhibit  Plans,"  M/R, 
April  2,  p.  38).  This  will  help  to  guide  us 

The  Lights  of  Perth — // 
Before  me  dance  the  gleaming  Pleiades 
And  bright  Orion  strides across  the  sky. 
Long  have  the  sailors  on 

terrestrial  seas 
Prayed  for  their  light  to  steer a  vessel  by. 
A  newer  ocean  bathes  my  little  boat 
Above  the  moon-drenched  clouds — 

but  as  of  old 
The  stars  remain.  Dark  is  the  land, remote 

Along  the  shore  no  lighthouse. 
But  behold! 

That  patterned  light,  that  beacon 
on  the  strand 

By  strangers  lit  to  guide  a  mariner 
And  signal  friendship.  Rejoice  my heart  and, 

After  thanking  God  Who  filled 
with  stars 

The  heavens  on  the  dark  side  of 
the  earth, 

Thank  everybody  for  the 
lights  of  Perth. 

J.  P.  Davis 
Nuclear  Engineer 
Burns  &  Roe,  Inc. 
New  York 
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plays  a  vital  role 

in  TIROS  -  NASA'S  "WEATHER-EYE" 

in  our  exhibit  planning. 
While  I  tend  to  be  in  sympathy  with 

your  viewpoint  with  regard  to  exhibits,  I 
am  quite  intrigued  to  know  how  you  man- 

aged to  establish  a  "downward  trend"  from 
a  single  observation  in  time.  Whatever  your 
technique  is,  it  could  be  the  greatest  contri- 

bution to  sales  forecasting  since  the  inven- 
tion of  the  crystal  ball. 

Nathaniel  R.  Kidder 
Manager,  Marketing  Services 
Jack  &  Heintz,  div.  of 
The  Siegler  Corp. 
Cleveland 

Space  did  not  permit  a  comparison  with 
the  much  heavier  participation  last  year. — Ed. 

Blames  Washington 
To  the  Editor: 

I  have  been  reading  with  interest  for 
some  time  your  editorials  and  the  letters 
which  your  magazine  evokes.  Thus  I  feel 
your  April  16  editorial  on  "Those  Lush 
Defense  Profits"  might  deserve  discussion 
from  an  angle  that  is  frequently  by-passed. 

I  would  certainly  condemn  the  admin- 
istrative policies  of  Government  which  bent 

once-ethical  presentations  to  become  the 
present  "name-dropping"  requirements  for 
obtaining  contracts.  Being  unable  to  stock- 

pile prominent  Names,  the  small  business 
must  continually  produce  efficient  work  to 
exist  on  subcontracting — while  also  shovel- 

ing excessive  profits  into  the  large,  estab- 
lished Contractor  (now  called  Systems 

Manager)  who  gets  credit  for  the  job. 
Rather  than  review  all  cases  motivating 

my  letter,  let  me  generalize  and  state  that 
in  my  professional  lifetime  I  have  watched 
competent  and  needed  engineers,  overbur- 

dened with  responsibility  but  understocked 
with  authority,  leave  the  industry  because 
paid  advancement  on  technical  capability 
was  subjugated  and  money  advances  went 
to  those  using  administrative  qualifications. 
The  fact  that  these  qualifications  could  be 
gained  for  such  things  as  B-girl  rationing 
at  junket  symposiums  in  no  way  altered 
the  trend;  and  self-respecting  engineers,  un- 

less dedicated  to  the  point  of  naivete,  left 
the  industry  with  a  bad  taste  in  their 
mouths. 

A  most  recent  case  in  my  knowledge 
involves  the  loss  of  a  highly  competent 
engineer  well-versed  in  missile  testing.  He 
left  a  responsible  job  which  called  for 
broad  experience  to  buy  a  liquor  store  and 
relax  in  Florida.  Considering  the  "impact" cost  of  living  and  related  inconveniences, 
he  certainly  cannot  be  blamed. 

Most  excessive  profits  can  be  traced 
to  two  causes,  and  neither  of  them  can 
use  paid  research  study  contracts  as  a  mask 
for  improper  method:  Contracts  Admin- 

istration is  favorably  impressed  or  influ- 
enced by  (1)  Parties,  kickbacks,  or  the 

possibilities  of  free  publicity  during  elec- 
tion periods  and  (2)  Long-hair  advice  from 

stockpiled  Names  who  will  probably  die 
off  before  repercussions  can  occur.  Both  of 
these  causes  place  the  responsibility  firmly 
in  Washington,  D.  C. — as  they  have  since 
1935! 

Bert  Sands 
AIRco 
Eau  Gallie,  Fla. 

(ILLUSTRATION  COURTESY  OF  RCA) 

RCA's  Astro-Electronics  Division  designed  and  built  TIROS,  the  worldwide  weather 
observer  for  National  Aeronautics  and  Space  Administration ...  PYROFUZE  has  been 
included  in  its  equipment  to  protect  the  entire  electrical  system — the  TV  transmitters, 
command  receivers,  tape  recorders,  timing  and  telemetric  devices — within  its  small 
circumference. 

*Pyrofuze  is  a  bimetallic  composition,  the  elements  of  which  at  650°C.  alloy  violently and  exothermically  resulting  in  deflagration  without  support  of  oxygen.  It  is  available  in  a 
variety  of  forms  (below) — in  wire,  discs,  granules,  foil,  ribbon  and  structural  elements 
...Write  for  information  indicating  specific  applications  that  may  interest  you. 

PYROFUZE  CORP. 
121  So.  Columbus  Avenue,  Mt.  Vernon,  N.Y. 

An  Affiliate  of  Sigmund  Cohn  Corp 
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SUPPORT  SYSTEMS: 

INDISPENSABLE  LINK 

BETWEEN  MAN  AND  SPACE 

Aerojet-General's  Astrionics  Division 
offers  an  overall  capability  in  the  design, 

development,  and  manufacture  of 

complete  support  systems  — distinguished 

by  high  reliability,  extreme  flexibility 

and  maximum  simplicity.  Using 

standardized  building-block  components, 
Astrionics  minimizes  the  need  for 

special  "sole-purpose"  equipment,  and 
makes  possible  much  higher  degrees  of 

automation.  Results:  complete,  fully 

integrated  systems  of  smaller  size  and 

greater  versatility;  lower  cost;  easier' 
indoctrination  of  operators;  much 

greater  reliability. 

ASTRIONICS 

•I  DIVISION 
Azusa,  California 

r  the  "\  AEROJET 
GENERAL  GENERAL I       _  _  _  _  /corporation 
\  lIKfc  J  A  SUBSIDIARY  OF  THE 

Calibration  Systems 

Simulation  and 

Display  Systems 

Test  System 



The  Countdown 

WASHINGTON 

Pentagon  Wants  More  Nuclear  Tests 

The  military  services — especially  the  Air  Force — 
reportedly  want  an  increase  in  the  number  of  U.S. 
nuclear  test  shots  scheduled  to  begin  in  the  Pacific  this 
week.  They  feel  that  the  series  presently  planned  won't 
provide  enough  proof-testing  of  missile  warheads  already 
in  the  arsenal.  It's  unlikely,  however,  that  the  two-to- 
three-month  series  will  be  extended — opposition  from 
AEC  and  the  White  House  is  very  strong. 

Single  Strategic  Command? 

One  of  Defense  Secretary  McNamara's  most  contro- 
versial reorganization  proposals — a  single  command  for 

strategic  retaliatory  forces — is  far  from  dead,  a  "strictly 
non-attributable"  Pentagon  source  says.  When  the  pro- 

posal was  first  "leaked"  last  year  (presumably  by  Navy 
officials  fearing  an  AF  takeover  of  Polaris  control)  it 
caused  quite  a  fuss.  But  it's  still  very  much  alive — and 
might  be  implemented  later  this  year. 

Blackout  May  Spread  to  Missiles 
Watch  for  the  Administration  soon  to  extend  its  news 

blackout  on  space  vehicle  launchings  (M/R,  April  16, 
p.  13;  this  issue,  p.  10)  to  cover  military  missile  pro- 

grams as  well. 

NASA  Budget  Gets  Easter  Stay 

The  House  Space  Committee  is  expected  to  lop 
another  $35  million  from  NASA's  Fiscal  '63  budget 
request  when  it  returns  from  the  congressional  Easter 
recess.  Before  the  holidays,  the  group  voted  to  cut  $85 
million  from  the  request  for  Manned  Space  Flight, 
including  $50  million  requested  for  Nova.  When  the 
committee  is  finished  with  it,  the  bill  will  go  to  the  House 
floor  for  debate. 

Tiros  V  Slips  to  June 

The  launch  of  Tiros  V  has  slipped  to  June  because 
of  earlier  delays  in  Tiros  IV.  The  new  satellite  will  pro- 

vide coverage  of  over  22  million  square  miles.  This  will 
be  accomplished  by  launching  it  northeast  from  Cape 
Canaveral  and  increasing  its  orbital  inclination. 

Funds  Forced  on  Services 

Improbable  as  it  sounds,  the  Defense  Department  had 
to  "persuade"  the  Air  Force  and  Navy  to  include  funds 
in  their  FY  '63  budgets  for  developing  chemical  and 
biological  warfare  delivery  systems.  A  DDR&E  official 
says  the  two  services  were  "unwilling  to  spend  any  money 
to  do  either  development  or  procurement  of  delivery 
systems,"  but  have  changed  their  minds  under  DOD 
pressure. 

SAINT  To  Be  Tested  Soon 

Within  the  next  month  the  Air  Force  is  expected  to 
launch  a  small  payload  into  space,  then  launch  its  Satel- 

lite Inspector  spacecraft  to  more  or  less  "rendezvous" 

with  it  in  a  feasibility  demonstration  of  the  SAINT 
system.  If  successful,  the  demonstration  vehicle — report- 

edly tied  to  the  Lockheed  Agena  upper  stage — will  be  the 
forerunner  not  only  of  a  developmental  model  of  Inspec- 

tor but  of  a  Satellite  Interceptor  as  well. 

INDUSTRY 

Patent  Stalemate  Seen 

Don't  look  for  any  major  changes  in  NASA's  patent 
policies  to  result  from  a  House  Space  Subcommittee 
report  calling  for  their  relaxation.  Legislation  providing 
for  easing  the  regulations  has  passed  the  House  Space 
Committee  for  three  years  running,  but  the  Senate  Space 
Committee  never  goes  along. 

Aerojet  Finishing  Titan  I  Work 

Aerojet-General  has  just  about  wrapped  up  all  pro- 
pulsion work  for  Titan  I.  As  the  first  nine  Martin  Titan 

I's  went  operational  at  Lowry  AFB,  Colo.,  last  week  (see 
p.  10),  Aerojet  had  completed  its  last  first-stage  engine 
for  the  Titan  I.  The  last  second  stage  will  follow  shortly. 
The  firm's  Sacramento  facility  is  now  converting  its 
seven-acre  engine  assembly  area  to  Titan  II  engine  pro- 

duction. Incidentally,  Aerojet  claims  it  cut  nearly  $8  mil- 
lion from  the  proposed  $40-million  cost  for  the  last  80 

sets  of  Titan  I  engines. 

Telstar  TV  Schedule 

If  AT&T's  Telstar  communications  satellite  launch- 
ing is  a  success,  the  first  transatlantic  television  programs 

will  be  conducted  for  periods  of  10  or  12  minutes.  The 
launch  is  slated  for  next  month. 

Latest  Cape  Pad  Planning 

NASA  now  plans  to  build  four  Saturn  C-5  pads  at 
Cape  Canaveral.  If  the  Air  Force  agrees  to  ask  Congress 
for  the  necessary  funds,  10,000  additional  acres  of  land 
will  be  purchased  at  AMR.  NASA  officials  would  then 
move  their  Saturn  and  Nova  pads  farther  north,  per- 

mitting the  Air  Force  to  install  its  Titan  III  pads  in  the 
southern  end  of  the  recent  NASA  land  acquisition. 

INTERNATIONAL 

Japan-U.S.  Launching  At  Hand 
The  U.S.  and  Japan  will  make  their  first  joint  space 

exploration  this  week.  A  Nike-Cajun  rocket  fired  from 
Wallops  Island  will  carry  a  Japanese  radio  frequency 
resonance  probe  supplied  by  Japan's  Radio  Research 
Laboratory.  The  joint  program  calls  for  three  launches. 

The  Fylingdales  Stretchout 

Delays  continue  at  the  BMEWS  station  being  built 
at  Fylingdales  in  Yorkshire,  England.  Erection  of  the 
radome  of  the  main  tracker  building  was  scheduled  to 
be  under  way  now,  but  the  completion  date  for  other 
work  on  the  building  has  been  set  back  a  month.  A  group 
of  joiners  seeking  an  extra  seven  cents  an  hour  has  been 
on  an  unofficial  strike  for  nearly  three  weeks. 
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PHOTOELECTRIC 

INCREMENTAL 

ENCODER 

AND 

TACHOMETER 

DIGITAL  COUNTER 

2400  Bits  per  Revolution 
(9  min.  of  arc  per  bit) 

0  to  750  rpm 

MODELS: 

224 
$ 
215 

224B . . .  $245 
Model  224B  includes 
direction  sensing  for 

use  with  up-down  counters. 

DIAMETER   2.6  inches 
LENGTH  3  inches 
WEIGHT  14  ounces 

WRITE  FOR 
DESCRIPTIVE  LITERATURE 

AR&T  ELECTRONICS,  Inc. 
BOX  627        LITTLE  ROCK,  ARK. 

A  WHOLLY-OWNED  SUBSIDIARY  OF 

THE  BALDWIN 
PIANO  COMPANY 

The  Missile / Space  Week 

Shots  of  the  Week 

The  Army's  Nike-Zeus  antimis- sile missile  was  fired  from  Point 
Mugu,  Calif.,  April  12  in  a  test  of 
all  three  of  the  missile  stages.  All 
test  objectives  were  met,  according 
to  an  Army  announcement. 

The  maneuverable  third  stage — 
designed  to  carry  the  warhead  to 
within  killing  distance  of  its  target 
— reached  "an  extremely  high  alti- 

tude," Army  officials  said.  The  exact altitude  is  classified. 
Elsewhere: 
•  Failure  of  the  second  stage  of 

an  AF  Blue  Scout  rocket  to  ignite 
resulted  in  the  loss  of  a  classified 
satellite  package  on  April  12. 

Launched  from  Cape  Canaveral, 
the  Blue  Scout  carried  a  payload  of 
radiation  experiments  designed  to 
furnish  data  for  ARPA's  Vela  Hotel 
program  for  detecting  nuclear  ex- 

plosions in  space. 
•  An  Atlas  operational  training 

launch  was  carried  out  successfully 
at  Vandenberg  AFB  April  11  by  a 
SAC  combat  crew  from  Offutt  AFB's 
549th  Strategic  Missile  Squadron. 

•  A  sodium  vapor  experiment 
was  launched  from  NASA's  Wallops 
Island  Station  April  17  by  a  Nike- 
Cajun  sounding  rocket. 

Designed  to  study  upper-air  den- 
sity and  wind  velocity,  the  sodium 

vapor  was  released  continuously 
from  an  altitude  of  26  miles  to  a 
maximum  altitude  of  144  miles. 

•  The  Air  Force  launched  a  sat- 
ellite with  a  Thor-Agena  B  combina- 

tion from  Vandenberg  on  April  17. 
AF  officials  declined  to  say  what  the 
satellite  contained,  whether  it  went 
into  orbit — or  even  the  time  at  which 
it  was  launched. 

The  lack  of  information,  they 
said,  was  due  to  a  DOD  directive 
classifying  information  on  all  mili- 

tary satellites  (M/R,  Apr.  16,  p.  13). 
•  A  NATO  crew  successfully 

fired  a  Chrysler  Jupiter  IRBM  1500 
miles  down  the  Atlantic  Missile 
Range  from  Cape  Canaveral  on  April 
18.  The  shot  was  carried  out  to  give 
the  troops — believed  to  be  Turks — 
experience  in  handling  the  Jupiter 

system. 
Titans  Turned  over  to  SAC 

The  first  of  six  squadrons  of  Air 
Force  Martin  Titan  I  ICBM's  went 
operational  at  Lowry  AFB,  Colo., 
last  week. 

Nine  Titans  in  hardened  sites 
were  turned  over  to  SAC.  The  AF 

said  another  nine  would  be  opera- 
tional within  two  weeks. 

The  Air  Force  opened  the  first 
Titan  I  complex  for  an  extensive 
press  tour  before  the  activation  cere- 

mony, at  which  AFSC  commander 
Gen.  Bernard  A.  Schriever  turned 
the  site  over  to  SAC  commander  Gen. 
Thomas  Powers. 

The  nine-missile  activation 
brought  to  63  the  number  of  opera- 

tional U.S.  ICBM's. 
This  year,  six  Atlas  F  silo  squad- 

rons and  six  Titan  I  silo  squadrons 
will  be  added  to  the  seven  Atlas 

squadrons  already  operational  —  to 
more  than  triple  the  nation's  opera- tional ICBM  force.  It  will  be  tripled 
again  in  1963. 

Titan  II  is  scheduled  to  go  opera- 
tional next  February  at  Davis- 

Monthan  AFB,  Tucson,  Ariz. 

SNAP-50  Contract  Awarded 
The  Atomic  Energy  Commission 

has  awarded  Pratt  &  Whitney  Air- 
craft Div.  of  United  Aircraft  Corp. 

a  contract  for  design  and  develop- 
ment of  the  SNAP-50  (M/R,  Feb. 

19)  auxiliary  power  unit,  report- 
edly for  use  in  space  missions  in  the 

late  '60's. During  FY  '63,  the  contract  is 
expected  to  run  about  $3.5  million 
and  be  centered  around  the  design, 
research  and  development  of  critical 
components  of  the  lithium-cooled advanced  nuclear  reactor. 

A  by-product  of  P  &  W's  work on  the  cancelled  nuclear  aircraft  pro- 
gram, SNAP-50  conceivably  could  be 

used  as  a  power  source  for  electrical 
space  engines,  advanced  communica- 

tions satellites  and  other  sophisti- 
cated spacecraft  with  high  power 

requirements.  The  exact  power  level 
of  the  SNAP-50  device  is  now  classi- 

fied, but  is  in  the  300-kw  range. 

Europeans  Join  In  Space  Effort 
Seven  nations  —  Australia,  Bel- 

gium, France,  West  Germany,  Italy, 
the  Netherlands  and  Britain — have 
agreed  on  establishment  of  a  Euro- 

pean Satellite  Launcher  Develop- 
ment Organization,  it  was  announced 

in  London  last  week. 

Under  the  agreement,  the  Brit- 
ish would  develop  the  first  stage- 

based  on  the  Blue  Streak  rocket — 
with  the  French  responsible  for  the 
second  stage  and  the  West  Germans 
the  third  stage. 

Italy  will  be  responsible  for  the 
design,  development  and  construc- 

10 Circle  No.  9  on  Subscriber  Service  Card missiles  and  rockets,  April  23,  1962 



tion  of  the  initial  satellite  test  ve- 
hicles ;  Belgium  for  the  ground  guid- 
ance stations;  the  Netherlands  for 

long-range  telemetry  links ;  and  Aus- 
tralia for  launch  facilities  at  its 

Woomera  Test  Range. 
The  first  firing  of  the  Blue  Streak 

for  the  European  consortium  is  ex- 
pected late  next  year  at  the  Woomera 

range. 

AFSC  Management  Seminar 
The  first  AFSC  Management  Con- 

ference will  be  held  at  the  Naval 
Post  Graduate  School,  Monterey, 
Calif.,  May  2-5,  AFSC  Commander, 
Gen.  Bernard  A.  Schriever  an- 

nounced last  week. 
The  theme  of  the  conference  will 

be  "Systems  Acquisition  and  Man- 
agement in  Today's  Environment." 

The  purpose  of  the  conference,  the 
AF  announcement  said,  is  to  permit 
"an  exchange  of  views  between  lead- 

ers of  the  industrial,  scientific,  aca- 
demic and  financial  management 

communities  and  General  Schriever 
and  his  staff  on  the  nature,  scope 
and  implications  of  the  changes 
which  have  occurred  over  the  past 
year  in  the  management  of  the  acqui- 

sition of  new  systems." 
Five  major  subjects  —  planning 

for  systems  acquisition,  source  selec- 
tion, procurement,  financial  manage- 

ment and  systems  management — 
have  been  scheduled. 

Although  attendance  at  the  semi- 
nar will  be  by  invitation  only,  the 

AF  announcement  said,  the  proceed- 
ings of  the  meeting  will  be  published 

and  will  be  available  to  anyone  inter- 
ested in  the  conference  material. 

Gemini  Radar  Award 

Westinghouse  Electric  Corp.  will 
develop  ultra-lightweight  radar  for 
Gemini  rendezvous. 

The  contract,  estimated  to  be 
worth  $5-10  million,  was  awarded  by 
McDonnell  Aircraft  Corp.,  prime  con- 

tractor for  the  two-man  spacecraft. 
N.  V.  Petrou,  general  manager  of 

Westinghouse's  Air  Arm  Div.,  said the  radar  unit  would  be  used  after 
Gemini  went  into  orbit  to  provide 
steering  information  for  visual  con- 

tact with  another  satellite  already 
orbiting. 

Minuteman  Facility  Opened 
A  Minuteman  missile  rolled  off 

the  assembly  line  at  the  Air  Force's 
plant  77  at  Hill  AFB,  Utah,  last 
week,  marking  the  opening  of  the 
Boeing-operated  production  facility. 

All  of  the  more  than  800  Minute- 
man  ICBM's  will  be  assembled  in 
this  plant  before  going  to  their  oper- 

ational sites  throughout  the  country. 

ELECTRONIC  ENGINEERS 

Here's  your  ticket 

to  visit  Hughes 

in  Southern  California 

via  the  Hughes  stereo  viewer 

tour  .  .  .  our  modern  facility,  see  for  yourself  why 

HUGHES  is  the  West's  leader  in  advanced  electronics, 
look  ...  at  all  the  advantages  living  in  a  Southern 
California  suburb  has  to  offer.  ■  What  the  HUGHES 

Stereo  Viewer  won't  show  you  is  that  our  Advanced 
Electronics  Division  has  new,  long-range  aerospace 

contracts  creating  immediate  need  for  degreed  ELEC- 

TRONIC ENGINEERS  with  two  to  fouryears'  experience 
in  one  of  the  following  areas:  ■  TEST  EQUIPMENT 
DESIGN  ■  RADAR  ■  MICROWAVE  ■  QUALITY 

CONTROL  ■  SYSTEMS  ANALYSIS  ■  CIRCUIT 

DESIGN  ■  SEMICONDUCTORS  ■  COMPUTERS. 
E  LECTRON ICS 

An  equal  opportunity  employer. 
To  receive  your  free  HUGHES  Stereo  Viewer,  just  complete  and  mail  the  coupon  belov 

HUGHES  Aerospace  Group, 
El  Segundo  Division 
ATTN:  Wallace  Peterson, 
Head  of  Employment 
P.  O.  Box  90426,  Los  Angeles  9,  California 

I  am  a  degreed  ELECTRONICS  ENGINEER  yi 
and  would  like  to  receive  a  FREE  HUGHES  Stereo  ^ 
Viewer  and  further  information  about  growth  oppor-  -t 
tunities  at  HUGHES.  * 
Name. 

Address^ 

City  _Zone_ _State_ 
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For  military / space  use  .  .  . 

U.S.  Plans  Research  ASP  in  '65 

Joint  AF-NASA  program 

would  be  used  to  develop 

vehicle  for  advancing  tech- 

nology for  the  7970's 

by  Hal  Taylor 

THE  U.S.  EXPECTS  to  build  an 

"aerospace"  research  plane  in  1965 which  will  be  the  forerunner  of  future 
manned  military  spacecraft. 

The  new  plane's  development  was disclosed  by  John  Stack,  Director  of 
NASA's  Office  of  Aeronautical  Re- search. 

Stack  said  the  craft  would  be  used 
to  develop  the  technology  for  this  coun- 

try's post-1970  space  exploration  and military  needs. 
"We  will  hopefully  have  a  pretty 

significant  research  effort  to  define  the 
vehicle  during  the  next  twelve  months," he  said. 

Surveyor  on  Moon 
NASA'S  Surveyor  spacecraft  is  shown  in 
first  released  artist's  concept.  The  lunar- 
landing  automatic  laboratory  will  carry  an 
atomic  power  supply  (drum-shaped  device 
near  center  of  spacecraft)  which  AEC  has 
designated  Martin  to  develop  and  build. 
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Stack  added  that  NASA  and  the  Air 
Force  have  discussed  the  program  and 
that  1965  was  a  "reasonable"  time  to 
build  it. 

Preliminary  research  indicates  that 
the  new  craft  will  be  90  ft.  long  and 
will  weigh  about  100,000  lbs.  It  will 
probably  be  propelled  by  a  combination 
powerplant  called  the  turboram  rocket. 
In  addition  to  greater  speed  and  altitude 
than  the  current  X-15  rocket  plane,  it 
will  be  capable  of  sustained  cruising  and 
earth  takeoffs. 

All  of  those  requirements  closely  ap- 
proximate the  Air  Force's  desire  for  an 

aerospace  plane  which  could  take  off 
from  the  Earth,  go  into  orbit,  and  be  ca- 

pable of  rendezvousing  and  even  shoot- 
ing down  enemy  satellites  and  spacecraft 

and  then  returning  to  Earth  under  its 
own  power. 

Stack,  however,  shied  from  saying 
that  the  new  research  plane  would  be 
the  test-flight  predecessor  to  the  aero- 

space plane.  "Our  efforts,"  he  said,  "are 
necessarily  in  the  area  of  expanding 
U.S.  technology  so  that  the  use  of  such 
devices  (the  aerospace  plane)  can  be 
more  accurately  defined  because  the 
planners  will  have  the  technology  for 

making  a  choice." •  New  job  for  X-15 — Details  of  the 
new  plane  were  revealed  as  NASA  and 
the  Air  Force  jointly  announced  a  fol- 

low-on research  program  for  the  X-15 
in  which  the  rocket  plane  will  serve  as 
a  test  vehicle  for  this  country's  military 
and  civilian  space  programs. 

The  new  program  calls  for  at  least 
35  flights  and  will  take  up  to  two  years 
to  complete.  Some  13  experiments  will 
be  included. 

One  of  the  most  important  will  be 
an  electric  stick  controller  for  possible 
use  in  manned  spacecraft.  Another  will 
be  an  airborne  letdown  computer  which 
will  enable  a  pilot  to  plan  his  landing 
approach  from  reentry  to  touchdown 
on  the  ground. 

Several  other  Air  Force  experiments 
will  investigate  infrared  and  ultraviolet 
data  at  the  extremes  of  the  X-15's 
higher-altitude  capabilities. 

Each  engine  exhaust  has  a  different 
type  of  "signature"  by  which  it  can  be detected  from  other  engines.  The  U.S. 
hopes  these  experiments  will  provide 
valuable  information  for  the  detection 
of  enemy  satellites  and  missiles. 

An  experiment  which  will  be  help- 

ful to  both  NASA  and  the  Air  Force 
calls  for  the  testing  of  various  possible 
materials  which  may  be  used  as  high- 
temperature  leading  edges  for  space- craft. 

Other  experiments  planned  for  the 
program  include: 

—A  horizon  scanner  will  be  used 
for  the  study  of  light  across  the  spec- 

trum. The  objective  is  to  obtain  infor- 
mation for  accurate  sensing  of  the  hori- 

zon in  order  to  develop  improved 
attitude  and  guidance  reference  for 
navigation  of  manned  earth-orbiting 
spacecraft. 

—An  alphatron  ionization  guage  will 
be  mounted  in  a  small  wing-tip  pod  for 
density  measurements  of  the  atmosphere 
above  100,000  ft.  A  similar  pod  will 
house  equipment  for  the  measurement 
of  micrometeoroids. 

—High-temperature  glass  windows 
for  spacecraft  use  will  be  tested. 

•  Ultraviolet  photography  —  Work 
has  started  on  one  of  the  primary  proj- 

ects, an  experiment  in  ultraviolet  stel- 
lar photography.  The  University  of  Wis- consin, under  a  contract  awarded  by 

NASA's  Office  of  Astronomy  and  Solar 
Physics,  will  devise  and  conduct  the 
study  in  photographing  the  stars  from 
altitudes  above  40  miles. 

Drs.  A.  D.  Code  and  T.  E.  Houch 

of  the  University's  Space  Astronomy 
Laboratory  hope  to  test  current  theories 
pertaining  to  the  origin  and  make-up  of 
stars  by  using  this  method. 

On  the  ground  and  at  moderate  alti- 
tudes, ultraviolet  rays  of  the  sky  and 

stars  are  obscured  by  ozone  in  the 
earth's  atmosphere.  Main  advantage 
sought  is  the  X-15  pilot's  ability  to orient  the  aircraft  to  face  the  stars 

above  the  ozone  layer,  plus  the  aircraft's 
capability  to  return  and  repeat  the  ex- 

periment. 
The  instrumentation  for  the  "star 

tracker"  consists  of  a  gimballed  plat- 
form containing  four  cameras,  to  be 

mounted  in  the  X-15  instrumentation 
bay  behind  the  cockpit.  Clamshell  doors 
atop  the  airplane  will  be  opened  as  the 
airplane  arches  over  its  long  ballistic 
trajectory  and  is  maneuvered  by  the 
pilot  to  give  the  cameras  a  clear  view 
of  distant  stars — thus  making  possible  a 
continuous,  simultaneous  series  of 
photographs  in  different  ultraviolet 
wavelengths.  8 
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Ranger  Shot  Heads 

Heavy  Launch  Schedule 

Fourth  moon  try  set  for  week  along  with  second  Saturn 

flight,  rescheduled  S-51,  possibly  much-delayed  Centaur 

NASA  HAS  SCHEDULED  a  spec- 
tacular series  of  space  shots  this  week 

highlighted  by  the  second  U.S.  attempt 
to  take  pictures  of  the  lunar  surface 
with  the  Ranger  spacecraft. 

Following  Ranger  in  quick  succes- 
sion will  be  the  second  test  flight  of  the 

Saturn  booster  and  the  orbiting  of  the 
S-51  international  satellite. 

A  fourth  starter  is  possible.  The 
long-delayed  first  launch  of  Centaur 
was  scheduled  for  late  last  week.  Tech- 

nical difficulties,  however,  could  push 
the  launch  into  this  week,  creating  a 
real  "traffic"  problem  at  Cape  Canaveral. 

The  "window"  of  the  Ranger  IV 
spacecraft  is  April  23-25.  Saturn  will 
follow  on  April  25,  and  the  joint  U.S.- 

British S-51  satellite  on  April  27. 
Of  the  three,  Ranger  is  by  far  the 

most  difficult. 

•  Saturn  spectacular — The  Saturn 
launch  will  be  a  ballistic  shot  to  90-mile 
altitude  and  200  miles  downrange.  It 
will,  for  the  most  part,  duplicate  the 
successful  first  launch  of  the  big  1.5- 
million-lb. -thrust  booster  on  Jan.  27, 
1962. 

One  new  experiment  is  planned.  The 
100  tons  of  water  used  to  ballast  the 
dud  upper  stages  of  Saturn  are  sched- 

uled to  be  deliberately  exploded  at  an 
altitude  of  65  miles.  The  experiment 
is  expected  to  provide  information  on 
the  scientific  effect  that  great  amount 
of  water  would  have  at  a  high  altitude. 

•  Fourth  attempt — The  upcoming 
Ranger  shot  is  the  fourth  of  the  nine- 
flight  series  for  the  lunar  hard-landing 
spacecraft.  Three  previous  shots  were 
failures. 

In  Rangers  I  and  II,  the  Agena  B 
upper  stage  failed  to  push  them  to  es- 

cape velocity  for  the  approximately  65- 
hour  trip  to  the  moon. 

Ranger  III — the  first  attempt  to  im- 
pact on  the  moon — failed  when  an  ex- 

tended burning  time  in  the  Atlas  first 
stage  pushed  it  into  the  wrong  trajec- 

tory. It  subsequently  missed  the  moon 

RANGER  IV  gets  final  adjustments  by 
JPL  technicians.  Cylindrical  heat  shield 
provides  thermal  control  for  retro  motor. 

by  some  2200  miles. 
Some  NASA  officials  contended  that 

if  the  Johannesburg  Deep  Space  Track- 
ing Facility  had  had  command  capa- 

bility over  the  spacecraft,  it  could  have 
corrected  the  error  in  trajectory.  NASA 
has  taken  steps  to  prevent  a  recurrence 
of  the  situation,  and  Johannesburg  now 
has  operational  control  capability  over 
Ranger  IV. 

Ranger  III  also  failed  to  perform  the 
terminal  maneuver  which  would  have 
pointed  its  television  cameras  at  the 
moon.  NASA  said  circuitry  modifica- 

tions have  been  made  in  Ranger  IV  to 
solve  that  problem. 

•  High  photo  hopes — Ranger  IV's most  important  job  will  be  taking  and 
transmitting  back  to  Earth  television 
photographs  of  the  lunar  surface.  In 
addition,  it  will  conduct  three  other 
experiments  which  will  test  and  record 

moon  quakes,  gamma  rays  and  moon's radar  reflectivity. 
The  best  photos  of  the  moon  taken 

from  the  Earth  previously  have  only 
been  able  to  distinguish  objects  above 
one  half-mile  in  diameter.  The  Ranger 
cameras — under  favorable  conditions — 
will  be  able  to  provide  pictures  in  which 
objects  12  ft.  in  diameter  can  be  seen. 

The  TV  cameras  will  begin  operat- 
ing 2500  miles  above  the  lunar  surface 

or  40  minutes  before  impact.  Picture 
taking  will  stop  at  approximately  15 
miles  or  8.1  seconds  from  lunar  impact. 
During  this  period  the  cameras  will  send 
back  to  Earth  one  picture  every  13  sec- 

onds or  a  total  of  more  than  one 
hundred. 

Each  picture  received  at  the  Gold- 
stone,  Calif.,  tracking  station  will  con- 

sist of  200  lines  which  are  built  up  over 
a  period  of  10  seconds. 

The  730-lb.  gold  and  chrome-plated 
spacecraft  is  5  ft.  in  diameter  at  the 
base  of  the  hexagon,  and  8.25  ft.  high 
in  its  launch  position — with  the  solar 
panels  folded  up  in  the  manner  of  but- 

terfly wings.  In  its  cruise  position,  it  is 

17  ft.  in  width  and  10.25  ft.  in  height. 
•  Duties — During  its  approximately 

65-hour  flight,  it  will  be  called  on  to 
perform  complicated  tasks  and  maneu- vers including: 

—Leave  the  Earth,  achieve  a  park- 
ing orbit  and  reach  escape  velocity  of 

24,500  miles  an  hour. 
—Perform  a  three-axis  maneuver  in 

space  to  lock  onto  the  Sun  and  the 
Earth. 

—Accept  correction  commands  from 
the  Earth,  change  its  orientation  in  flight 
and  fire  a  mid-course  motor  to  put  it- 

self on  collision  course  with  the  moon. 
—  Re-establish  its  lock  on  the  Sun 

and  the  Earth. 
—Perform  a  terminal  maneuver 

when  it  gets  to  within  5000  miles  of 
the  moon. 

—Take  television  pictures  of  the  lu- 
nar surface  as  it  approaches  the  moon. 
—Make  studies  of  the  composition 

of  the  lunar  surface  and  its  radar  reflec- 
tion characteristics. 

—Separate  a  retro  rocket  and  cap- 
sule system  from  the  spacecraft  when 

it  is  approximately  70,000  ft.  above 
lunar  surface. 

—Fire  the  retro  rocket  to  slow  the 
capsule  system  from  6000  miles  an  hour 
to  zero  velocity  some  1100  ft.  above 
the  surface  of  the  moon. 

—Detach  an  instrumented  capsule 
containing  a  seismometer  from  the  retro 
rocket  so  that  it  rough-lands  after  a  free 
fall  from  approximately  1100  ft.,  sur- 

vives the  landing,  positions  itself  and 
then  sends,  for  30  days  or  more,  in- 

formation on  moon  quakes  and  meteor- 
itic  impact. 

The  Ranger  program  is  being  car- 
ried out  by  the  Jet  Propulsion  Labora- 
tory, operated  for  NASA  by  the  Cali- 

fornia Institute  of  Technology.  In  the 
Ranger  IV  spacecraft,  the  Aeronutronic 
Division  of  Ford  Motor  Company, 
Newport  Beach,  Calif.,  provided  the 
lunar  capsule  and  radio  altimeter  sub- 

systems. 8 
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Western  Electric  Stoutly 

Defends  Overall  Nike  Profit 

by  James  Trainor 

WESTERN  ELECTRIC  officials 
have  emphatically  denied  receiving  ex- 

cessive profits  on  work  done  by  their 
Nike  subcontractors.  They  charged  that 
the  McClellan  committee"s  figures  "er- roneously focus  on  only  a  part  of  the 
total  payment." 

Maintaining  that  profits  should  only 
be  considered  as  part  of  the  total  Nike 
effort,  C.  R.  Smith,  Western  Electric 
Vice  President  for  defense  manufactur- 

ing activities,  told  the  Senate  Permanent 
Investigations  Subcommittee  "this  is  the 
traditional  method  of  pricing  govern- 

ment contracts  and  is  authorized  by  law 
and  expressly  sanctioned  by  procure- 

ment regulations." 
Applying  the  total-effort  criterion  to 

Western  Electric's  work  on  the  26  sub- 
contracts under  subcommittee  consid- 

eration would,  Smith  declared,  show 
that  the  company  had  an  after-taxes 
profit  of  3.5  cents  per  dollar  of  sales. 
In  total  contract  dollars,  he  said,  this 
amounts  to  a  $112,500,000  profit  on 
contract  costs  of  $1,432,600,000. 

The  committee  contends,  however, 
that  Western  Electric — prime  contractor 
for  the  Nike  family  of  air  defense  weap- 

ons— earned  a  31.3%  profit  on  a  total 
in-house  cost  of  $359.3  million.  These 
in-house  costs,  according  to  subcom- 

mittee investigator  Robert  E.  Dunne, 
were  based  on  the  cost  of  components 
produced  by  Western  Electric,  the  ex- 

pense of  managing  subcontractors,  engi- 
neering services,  and  other  costs  not 

directly  attributable  to  subcontractors. 
•  Hot  debate — This  method  of  cal- 

culating profits  was  sharply  attacked 
by  Sen.  Carl  T.  Curtis  (R-Neb.)  and 
Smith — and  defended  with  equal  zeal  by 
the  subcommittee  chairman,  Sen.  John 
L.  McClellan  (D-Ark.). 

Both  Smith  and  Curtis  contended 
that  the  committee's  method  of  calcu- 

lating profits  only  on  work  actually 
performed,  in  Smith's  words,  "has  no 
standing  that  we  can  discover  in  eco- 

nomics or  accountancy." McClellan,  while  careful  not  to 
draw  any  conclusions  from  the  hearings 
so  far,  vigorously  defended  the  subcom- 

mittee procedure  of  calculating  profits 
on  in-house  efforts  as  the  "crux"  of  the 
inquiry  into  missile  procurement. 

"Nobody  said  it  is  beyond  what 
they  deserve,"  McClellan  said.  "We  are 
just  getting  the  facts." 

Smith  compared  the  company's  3.5- cent  profit  on  the  sales  dollar  for  the 
26  Nike  subcontracts  under  considera- 

tion with  the  4.5  cents  on  the  firm's 
civilian  business  over  the  past  10  years, 
and  with  the  average  of  5.5  cents  earned 

(Continued  on  page  44) 

Record  Funding 

House  Approves  $47.8 
Billion  for  Defense 

A  RECORD  peacetime  defense  ap- 
propriation bill  of  $47.8  billion  was 

unanimously  passed  by  the  House  last week. 

Included  in  the  Fiscal  Year  1963 
appropriation  measure  was  $157  million 
for  the  acceleration  of  the  Air  Force's 
Dyna-Soar  program — $42  million  more 
than  the  Administration  had  requested 
— and  $11.5  million  for  the  Mark  46 
torpedo,  as  well  as  the  full  $491  million 
for  the  controversial  RS-70  program. 

In  approving  the  bill  for  $47,839,- 
491,000  in  DOD  obligational  authority, 
the  House  went  along  with  the  Appro- 

priations Committee  recommendation 
that  $20  million  of  the  requested  $100 
million  for  the  Mobile  Mid-Range  Bal- 

listic Missile  be  cut.  In  making  the 
recommendation,  the  committee  report 
noted  that  "the  Air  Force  is  no  longer 
authorized  to  undertake  the  develop- 

ment of  a  MMRBM,  but  is  only  author- 
ized to  initiate  a  program  leading  to 

the  development  of  such  a  missile." 
The  two-day  debate  on  the  money 

measure  largely  centered  around  a  pro- 
vision in  the  bill  which  limits  the 

amount  that  the  government  would  pay 
to  universities  on  indirect  costs  of  re- 

search projects.  This  limit — set  at  15% 
by  the  committee — was  strongly  op- 

posed by  universities  on  the  basis  that 
it  would  result  in  their,  in  effect,  subsi- 

(Continued  on  page  44) 

Budget  Bureau  Report  on  Use  of  Non-Profits  Finally  Ready 
THE  LONG-AWAITED  and  much-delayed  Budget  Bu- 

reau study  of  the  uses  of  non-profit  firms  for  technical  and 
management  services  for  government  agencies  was  reportedly 
ready  for  release  last  week. 

Although  the  exact  recommendations  were  not  available, 
the  report  is  expected  to  recommend  that  the  government— 
and  particularly  the  Defense  Department — conduct  in-house 
more  of  the  work  presently  contracted  to  universities  and 
non-profit  organizations. 

The  study  is  also  expected  to  point  out  that  one  of  the 
most  serious  results  of  the  use  of  extra-government  organ- 

izations has  been  a  deterioration  of  in-house  capabilities.  In 
some  cases,  the  Budget  Bureau  found,  in-house  organizations 
were  second-rate  and  unable  to  control  government  research 
and  development  efforts. 

Higher  salaries  paid  by  non-profit  organizations — together 
with  the  prestige  of  the  work  they  do — is  expected  to  be 
blamed  for  the  government's  loss  of  technically  qualified 
people. 

The  study — initiated  by  the  Budget  Bureau  at  the  request 
of  the  President  last  July — was  originally  to  have  been  com- 

pleted by  last  Dec.  1.  It  reportedly  covers  70  different  contract 
arrangements,  compiled  from  questionnaires  to  officials  both 
in  and  out  of  government  and  data  supplied  by  an  interagency 
working  group. 

Conflicts-of-interest  arising  from  government  employment 

of  non-profit  agencies  to  manage  government  programs  also 
received  special  attention. 

The  review  covers  universities  and  "other  private  institu- 
tions and  business  enterprises,  both  profit  and  non-profit, 

engaged  in  the  operations  and  management  of  Government 
research  and  development  programs,"  according  to  a  Budget Bureau  official. 

It  also  covers  "comparable  in-house  Government  opera- 
tions," he  said. 

•  Study  goals — According  to  the  President's  letter  out- 
lining the  objectives  of  the  study,  the  "product  of  the  review 

should  be  recommendations  to  guide  future  executive  action" in  this  area. 
The  specific  points  that  President  Kennedy  outlined: 
—The  effect  of  the  use  of  contractors  on  direct  Federal 

operations. 
—  The  policies  to  be  followed  by  the  government  in  con- 

trolling salaries  and  fringe  benefits  of  nonprofit  organization 

personnel. —  The  criteria  for  determining  whether  a  function  should 
be  performed  by  the  government  or  outside  of  it. 

—  The  policies  to  apply  in  selecting  outside  contractors. 
—The  means  of  reviewing  and  supervising  contractor 

operations. 
—The  policies  to  be  followed  in  determining  fees  and 

cost-reimbursable  items. 
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Mercury  reviewed  too 

Apollo  Study  May  Have  Vast  Effects 

NASA  has  initiated  a  systems  en- 
gineering review  of  the  Apollo  mission 

which  promises  to  have  vast  repercus- 
sions for  the  total  U.S.  lunar  landing 

program. 
One  immediate  effect  has  been  a 

delay  of  at  least  three  months  in  the 
selection  of  an  associate  contractor  for 

the  Apollo  spacecraft's  lunar-landing 
module.  The  delay  could  stretch  to  six 
months,  a  top  NASA  official  told  Mis- 

siles and  Rockets. 
It  will  also  affect  the  command  and 

service  modules  to  varying  degrees. 
The  study  was  ordered  by  D. 

Brainerd  Holmes,  Director  of  NASA's 
office  of  Manned  Spaceflight.  Its  pur- 

pose is  to  define  completely  the  first 
Apollo  mission  and  its  backup,  which 
will  have  a  time  period  two  years  longer. 

It  is  necessary,  Holmes  said  earlier, 
"because  to  commit  our  resources  un- 

wisely could  cost  us  billions  of  dollars 
and  thousands  of  lost  man-hours."' 

The  review  is  mainly  concerned  with 
the  four  possible  methods  of  accom- 

plishing the  first  manned  lunar  landing 
■ — earth-orbital  rendezvous,  lunar-orbit 
rendezvous,  lunar-surface  rendezvous, 
and  direct  flight  with  the  Nova  booster. 

It  is  certain,  NASA  officials  report, 
that  some  form  of  rendezvous  mission 
will  be  chosen.  Earlier,  NASA  has  indi- 

cated that  the  Earth-orbital  mission  was 
leading. 

When  queried  by  M/R,  Holmes  re- 
fused to  say  what  method  he  favors  for 

the  first  mission.  He  did  say,  however, 
that  combinations  of  the  various  mis- 

sions "look  good." Holmes  also  indicated  that  there  was 
a  chance  that  something  besides  earth- 
orbital  rendezvous  would  be  chosen. 

In  the  lunar-orbit  mission,  the 
Apollo  spacecraft  would  go  into  orbit 
around  the  moon  and  a  two-man  cap- 

sule would  be  detached  to  land  on  the 
surface.  For  the  return  trip,  the  capsule 
would  launch  from  the  moon  and  rejoin 
the  spacecraft  in  orbit. 

The  review  is  being  conducted  by 
the  System's  Engineering  group  in  the office  of  Manned  Space  Flight,  with  the 
aid  of  groups  from  the  Jet  Propulsion 
Laboratory,  Manned  Spacecraft  Center, 
and  the  Marshall  Space  Flight  Center. 
The  American  Telephone  &  Telegraph 
Co.,  which  has  a  systems  engineering 
contract  with  NASA,  will  also  work 
on  it. 
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•  Mercury  also  eyed  —  M/R  has 
also  learned  that  the  space  agency  is 
currently  involved  in  a  review  of  Proj- 

ect Mercury. 
NASA  is  considering  extended  or- 

bital missions  to  fill  the  gaps  be- 
tween Mercury's  three-orbit  and  18- orbit  flights. 

Prime  attention  is  being  given  to  a 
seven-orbit  flight  which  would  extend 
the  Mercury  capsule  life  support  sys- 

tem to  its  maximum. 
If  approved — and  the  chances  are 

50-50 — the  attempt  would  be  made  dur- 
ing the  MA-8  mission  later  this  year, 

PLANS  FOR  the  manufacture  and 
shipment  of  giant  Nova-type  liquid 
boosters  have  been  prepared  by  Martin 
Co.'s  Space  Systems  Division  for  the 
firm's  Middle  River,  Md.,  facility. 

The  same  factors  that  once  made 
the  site  ideal  for  seaplane  building  and 
testing  qualify  it  for  large  booster  pro- 

duction, say  Martin  spokesmen.  Ocean- 
going barges  could  tie  up  at  company 

docks  at  Middle  River,  and  the  boosters 
could  be  moved  down  a  ramp  directly 
from  the  assembly  and  test  building. 

Plans  call  for  the  use  of  many  exist- 
ing facilities  and  the  construction  of 

relatively  few  structures.  One  test  build- 

NASA  officials  said. 
The  extended  mission  is  currently 

being  reviewed  by  Mercury  officials  at 
the  Manned  Spacecraft  Center  and 
George  M.  Lowe,  Director  of  Space- 

craft in  the  Office  of  Manned  Space 
flight.  No  recommendation  has  been 
made. 

The  principal  drawback  to  approval 
is  that  it  would  require  the  deployment 
of  vast  recovery  forces  by  the  Navy. 

During  the  MA-6  flight  on  Feb.  20, 
1962,  some  20  ships,  15,000  personnel 
and  hundreds  of  planes  were  required 
to  cover  the  three  possible  impact  areas. 

ing  would  be  constructed  close  enough 
to  the  water  to  permit  use  of  barges 
carrying  liquid  nitrogen. 

Barges  for  Nova  boosters  would  be 
300  ft.  long,  75  ft.  wide,  and  have  a 
20-ft.  deck  height.  Since  the  booster 
would  be  lighter  than  usual  barge  loads, 
ballast  would  have  to  be  added.  RIFT- 
type  stages  could  also  be  handled. 

Existing  facilities  can  handle  boosters 
30  to  50  ft.  in  diameter  and  more  than 
100  ft.  tall.  The  architectural  engineer- 

ing firm  of  J.  E.  Greiner  Co.  assisted  in 
the  booster  facility  plans  and  the  ship- 

building division  of  Bethlehem  Steel  Co. 
aided  in  the  water  transportation  phases. 

Martin  Plans  Big  Booster  Construction  Facility 



In  new  setting  . 

NASA  Institute  Draws  Top  Scientists 

Outstanding  professors  and  students  recruited 

in  U.S.  and  abroad  help  to  solve  theoretical  problems by  Michael  Getler 

New  York — NASA's  decision  to 
move  its  Institute  for  Space  Studies  here 
from  the  Goddard  Space  Flight  Center 
in  Greenbelt,  Md.,  is  paying  off  hand- 

somely in  scientific  talent. 
The  scientists  who  are  active  either 

full-time  or  on  a  part-time  basis  in  the 
Institute*s  programs  comprise  one  of  the top  collections  of  talent  in  the  country. 

Successful  debut  of  the  space  studies 
group  in  its  new  location  adjacent  to 
Columbia  University  is  in  large  measure 
due  to  its  director,  Dr.  Robert  Jastrow, 
an  enthusiastic  and  articulate  spokesman 
for  the  business  of  outer  space  who  at 
36  is  already  prominent  in  the  scientific 
community. 

Dr.  Jastrow  describes  the  prime  mis- 
sion of  the  Institute  as  one  of  direct 

contribution  to  the  broad  theoretical 
aspects  of  the  U.S.  space  program.  An 
important  secondary  role  has  been  the 
recruiting  of  scientific  manpower  not 
previously  exposed  to  the  wide  range 
of  NASA  space  study. 

Since  its  establishment  here  last 
May,  the  Institute  has  reached  into  the 
staffs  and  graduate  student  bodies  of 
Columbia,  New  York  University,  City 
College  of  New  York,  Brooklyn  Poly- 

technic Institute,  Yale,  and  Princeton 
in  an  attempt  to  bring  this  talent  to  bear 
directly  upon  many  of  the  space 
agency's  programs. 

Conversely,  many  of  the  Institute's 
staff  have  accepted  teaching  and  lectur- 

ing appointments  at  these  same  uni- 
versities. 

The  Institute  has  undertaken  a  con- 
tinuing round  of  seminars  covering 

planetary  fluid  dynamics,  turbulence 
and  convective  transport,  relativity  and 
16 

NASA'S  Dr.  Robert  Jastrow  .  .  .  "no 
special  in"  on  lunar  program,  but  special interest. 

gravitation,  advanced  astrophysics,  and 
solar  system  origins.  Coming  to  New 
York  to  lead  these  programs  are  such 
men  as  Dr.  Harold  Urey,  Nobel  laureate 
from  the  University  of  California;  Dr. 
Jule  Charney,  meteorological  expert 
from  Massachusetts  Institute  of  Tech- 

nology; and  Dr.  Robert  Dicke,  Prince- 
ton's leading  thinker  on  the  aspects  of 

relativity  and  gravitational  phenomena. 
Other  scientists  who  have  agreed  to 

participate  in  academic  programs  in- 
clude Dr.  Joseph  Chamberlin  of  the 

Yerkes  Observatory  in  Wisconsin,  who 
lectured  here  this  month  on  planetary 
atmospheres,  Dr.  Vernon  W.  Hughes, 
associate  chairman  of  Yale  University's 
Physics  Department;  and  Dr.  Maurice 
Ewing,  director  of  Columbia's  Lamont Geological  Observatory. 

Though  the  Institute  for  Space 
Studies  is  heavily  engaged  in  such  edu- 

cational projects,  its  basic  work  re- 
mains pure  research.  Its  broad  range  of 

theoretical  studies  eventually  help  to 
shape  the  satellite  and  deep  space  probe 
experiments  of  NASA. 

•  Senior  staff — At  the  core  of  the 
group  is  a  20-man  senior  scientific  staff 
composed  of  four  permanent  members 
of  the  Institute  and  16  scientists,  rep- 

resenting several  countries,  assigned  an- 
nual fellowships  to  work  here  by  the 

National  Academy  of  Sciences.  All 
members  of  the  senior  staff  are  holders 
of  doctorate  degrees. 

The  four  man  full-time  staff  headed 
by  Dr.  Jastrow  also  includes  Dr.  A.  G. 
W.  Cameron,  on  leave  from  the  Atomic 
Energy  Commission  of  Canada,  nuclear 
physicist  Dr.  Jackson  Herring,  and 
astrophysicist  Dr.  Albert  Arking. 

Broadly  speaking,  the  Institute's major  effort  at  this  time  is  applied  to 
studies  of  the  upper  and  lower  at- 

mospheres and  investigations  of  the 
evolution  of  stellar  and  solar  system 
formations. 

•  Upper  atmosphere — The  studies 
of  the  upper  atmosphere  are  basically 
concerned  with  the  density,  composi- 

tion, and  structure  of  this  broad  band 
of  our  atmosphere  which  stretches  to 
the  limits  of  the  Van  Allen  belt,  some 
54,000  miles  from  Earth,  where  it  meets 
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PROF.  WOLFGANG  PRIESTER  discusses  his  calculations  on  upper  atmosphere  heating 
with  Drs.  Rasool  and  Jastrow,  in  the  computing  room  of  the  Institute.  Dr.  Priester  is  a 
Senior  Research  Associate,  on  leave  from  the  Bonn  Observatory,  where  he  is  deputy 
director.  Dr.  Rasool,  also  a  Senior  Research  Associate,  received  university  training  at 
India's  Lucknow  University,  Pakistan's  Geophysical  Institute,  and  the  University  of 
Paris.  He  is  on  leave  from  the  Laboratoire  de  Physique  de  V Atmosphere  in  Paris. 

the  fringe  of  the  interplanetary  medium. 
The  research  is  focused  on  the  de- 

gree of  solar  control  over  this  vast  ex- 
panse, the  manner  of  solar  deposition  of 

energy,  properties  of  the  magnetosphere 
(the  charged  layer  of  particles  discov- 

ered by  Van  Allen)  and  the  interaction 
of  these  particles  with  the  surrounding 
atmosphere. 

A  considerable  contribution  to  the 
correlation  between  periods  of  intense 
solar  activity  and  changes  in  very  funda- 

mental atmospheric  behavior  has  been 
made  by  Dr.  Wolfgang  Priester,  on 
leave  from  Bonn  University  Observatory 
in  West  Germany. 

Jastrow  says  the  efforts  of  Dr. 
Priester  have  developed  an  accurate 
idea  of  the  relationship  between  the 
general  level  of  solar  activity  and  upper 
atmosphere  temperatures  and  densities. 

On  the  basis  of  previous  solar  ob- 
servations, including  periods  of  severe 

solar  activity,  his  work  has  provided  a 
platform  for  predicting  variations  in 
radiation  levels  and  atmospheric  tem- 

peratures for  the  next  years  of  sunspot 
minimums. 

Many  of  Dr.  Priester's  studies  have 
been  fortified  by  the  work  of  Dr.  Luigi 
Jacchia  of  the  Smithsonian  Astrophysi- 
cal  Observatory,  whose  analysis  of  satel- 

lite drag  fluctuations  on  Sputniks  II  and 
///  and  Vanguard  I  could  be  correlated 
with  Priester's  measurements  of  varia- 

tions in  solar  activity  during  the  same 
period.  The  agreement  of  these  studies 
provides  considerable  basis  for  ruling 
out  apparent  random  fluctuations  in 
satellite  drag  in  favor  of  definitive  at- 

mospheric causes. 
•  Lower  atmosphere — The  lower- 

atmosphere  investigations  are  currently 
centered  on  a  detailed  investigation  of 
the  IR  radiation  data  collected  by 
NASA's  Tiros  satellites.  Dr.  Jastrow 
points  out  that  while  the  cloud  cover 
photographs  that  Tiros  turns  out  are  of 
great  value  for  the  immediate  objec- 

tives of  weather  forecasting,  the  IR 
packages  aboard  these  vehicles  are  also 
apt  to  have  a  strong  impact  on  long- 
range  forecasting  and  perhaps  eventual 
weather  control. 

The  essence  of  the  weather  problem, 
Jastrow  asserts,  is  the  uneven  heating 
of  the  earth's  lower  atmosphere  by 
global  variations  in  the  re-radiated  IR 
solar  energies.  This  unevenness  creates 
changes  in  temperatures  and  pressures 
which  give  rise  to  often  unpredictable 
weather  patterns. 

Though  the  study  of  the  IR  data 
collected  by  the  broad-band  detectors 
carried  aboard  Tiros  is  only  the  first 
step,  the  continuance  of  this  type  of 
pattern  analysis  with  advanced  mete- 

orological vehicles  such  as  Nimbus  may 
eventually  provide  an  accurate  map  of 
variations  in  the  earth's  IR  radiation 
patterns,  lower-atmosphere  temperature 
distributions — and  a  significant  clue  to 
the  overall  energy  transfer  process  be- 

tween the  sun,  Earth,  and  the  interven- 
ing atmospheres. 
The  Institute's  analysis  of  Tiros 

data  is  being  handled  by  Dr.  Ishtiaq 

Rasool,  a  Pakistani  on  leave  from  the 
University  of  Paris.  Assisting  Dr. 
Rasool,  along  with  Dr.  Jastrow  is  Mr. 
Cuddapah  Prabhakara,  of  India. 

•  Stellar  and  solar  origins — The 
third  major  area  of  current  interest  at 
the  Institute  is  divided  between  investi- 

gations of  stellar  evolution  and  solar 
system  origins. 

On  hand  at  the  Institute  to  help 
unravel  the  stellar  story  are  Dr.  Cam- 

eron— a  leading  authority  on  the  early 
stages  of  stellar  formation  from  the 
condensate  of  interstellar  gas  and  dust — 
and  Dr.  Hong-yee  Chiu,  on  leave  from 
his  post  as  professor  of  Physics  at  Yale, 
an  expert  in  the  study  of  the  super- 
novae,  the  cataclysmic  explosion  which 
eventually  destroys  the  star. 

Though  considerable  knowledge  of 
stellar  formation  has  been  gathered 
through  current  radio  astronomy  tech- 

niques and  early  rocket  and  satellite 
probes,  Dr.  Jastrow  points  out  that  a 
vast  amount  of  new  data  on  the  subject 
will  be  made  available  with  the  advent 
of  the  series  of  Orbiting  Astronomical 
Observatories  (M/R,  Dec.  4,  p.  16)  the 
first  of  which  NASA  will  attempt  to 
place  in  orbit  late  next  year. 

The  scopes  mounted  in  the  OAO's are  expected  to  give  scientists  their  first 
unimpaired  view  of  the  ultraviolet  stel- 

lar emissions  which  are  mostly  filtered 

out  by  the  Earth's  atmosphere.  8 
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Now  . . .  SPERRY  packs 

10  W  output,  60  db  gain 

into  a  10  cu.  in.  TWT 

Because  of  the  space  age  demand  for 
smaller,  more  rugged  components  with 
outstanding  performance  characteristics, 
the  new  STX-186  is  now  available  on  60- 
day  delivery  from  Sperry  Electronic  Tube 
Division. 

This  new  X  band  traveling  wave  tube 
is  ideally  suited  to  the  rigors  of  aerospace 
application.  It  delivers  a  minimum  10 
watts  of  CW  output  across  X  band,  at 
gain  levels  up  to  60  db.  Yet  it  is  only 
10y2  inches  long,  weighs  only  12  ounces, 
and  occupies  only  10  cubic  inches  of  pay- 
load  space.  Rugged  metal-ceramic  con- 

struction enables  the  PPM  focused  STX- 
186  to  withstand  the  shock,  vibration,  and 
altitude  extremes  of  the  most  demanding 
aerospace  environments. 

Designers  can  realize  maximum  bene- 
fit from  the  tube's  small  size  by  adapting 

mounting  and  cooling  arrangements  to 
meet  specific  environmental  demands. 
Cooling  may  be  air,  heat  sink,  or  liquid. 
BROAD  APPLICATION  POSSIBILITIES 

In  addition  to  its  small  size  and  phy- 
sical ruggedness,  the  STX-186  boasts  per- 

formance  characteristics  that  open  a 
broad  range  of  application  possibilities. 

Across  the  entire  band  of  7  to  11 
Gc,  this  new  TWT  delivers  a  minimum 
10  watts  CW  at  up  to  60  db  gain.  The 
dynamic  range  of  broadband  signal 
amplification  extends  25  db  below  satura- 

tion. These  characteristics  make  the  STX- 
186  eminently  suitable  for  rocket,  drone, 
and  aircraft  application  in  radar  aug- 

mented ECM,  or  comunications  systems. 

IMMEDIATE  AVAILABILITY 

Sperry  is  now  producing  the  STX- 
186  in  quantity,  and  limited  numbers 
are  available  within  60  days  of  receipt 
of  order. 

A  NEW  TECHNICAL  BROCHURE, 
WHICH  DESCRIBES  THE  CHARAC- 

TERISTICS OF  THE  STX-186  IN  DE- 
TAIL, IS  NOW  AVAILABLE.  FOR 

YOUR  FREE  COPY,  WRITE  TO 
SPERRY  ELECTRONIC  TUBE  DI- 

VISION, SEC.  123  ,  GAINESVILLE, 
FLORIDA. 

To  avail  yourself  of  the  outstanding 
performance  of  this  new  tube,  place  your 
order  now.  Your  Cain  &  Co.  salesman, 
who  represents  Sperry  Electronic  Tube 
Division,  will  be  happy  to  provide  ap- 

plication assistance  and  quotation.  Or 
you  may  communicate  directly  with  us 
at  Great  Neck,  N.  Y. 

EM 

ELECTRONIC 
TUBE 

DIVISK ION 
■lillllB 
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P  out  (DBM) 
Typical  drive  curve  STX-186  at  9  Gc 

Circle  No.  4  on  Subscriber  Service  Card 

GAINESVILLE,  FLA.  /   GREAT  NECK,  N.  Y. 
SPERRY  RAND  CORPORATION 



technical  Countdown 

ELECTRONICS 

nergy  Converter  Selected  for  SNAP-10 
Radio  Corporation  of  America  last  week  was  selected  by 

North  American  Aviation,  Inc.,  to  develop  and  produce 
nermoelectric  modules  for  the  first  orbital  nuclear  reactor, 
l'NAP-10A.  NAA's  Atomics  International  Division  is  de- 
eloping  the  500-watt  nuclear  APU  under  a  joint  Atomic 
inergy  Commission/Air  Force  program.  First  SNAP-10's 
ire  scheduled  for  flight-testing  in  late  1963.  Under  the  six- 
nonth,  $2-million  contract,  RCA's  Electron  Tube  Division 
vill  employ  a  new  thermoelectric  alloy.  Composition  of  the 
,  ightweight  metal  has  not  been  revealed  by  developers; 
however,  it  is  reported  to  have  high  melting  point,  superior 
mechanical  strength,  and  good  energy-conversion  efficiency. 

New  Epitaxial-Growth  Furnace  Built 
Precise  control  over  complex  epitaxial  growth  processes 

can  now  be  maintained  even  by  semi-skilled  operators,  says 
Motorola.  A  fully  automatic  furnace  for  the  gas-phase 
crystal  growth  of  mesa  and  silicon-planar  transistors  is  in 
use  at  the  company's  Semiconductor  Products  Division  in 
Phoenix,  Ariz.  The  production-line  equipment  is  also  de- 

signed, its  developers  report,  for  ultimate  use  in  building 
complex  integrated  circuit  patterns.  Up  to  four  layers  of 
alternating  N-  and  P-type  semiconductor  materials  can  be 
grown,  and  additional  layers  can  be  produced  by  recycling 
after  each  four-layer  growth  operation  is  completed. 

Mercury  Net  to  be  Updated 

Advanced  wide-band  PCM  telemetry  receivers  and  other 
electronic  equipment  to  update  the  existing  Mercury  track- 

ing stations  will  be  provided  by  Vitro  Electronics.  In  an- 
nouncing the  award,  NASA  indicated  that  the  new  systems 

will  be  required  to  support  future  Mercury,  Gemini,  and 
Apollo  manned  orbital  experiments.  Systems  supplied  under 
the  over-$  100,000  contract  already  are  being  installed,  and 
the  program  reportedly  will  be  completed  within  the  next 
two  months. 

AMR  Down  range  Stations  Get  Assist 

A  Sperry-Rand  Corp.  Univac  1206  is  the  heart  of  a  new 
real-time  data  handling  system  expected  to  improve  radar 
tracking  at  the  Atlantic  Missile  Range.  Now  in  operation 
between  Cape  Canaveral  and  Ascension  Island,  the  computer 
will  assist  downrange  trackers  in  locking  onto  missiles  and 
space  vehicles.  It  also  will  provide  continuous  inputs  to 
antennas  during  re-entry  radar  blackout  phases  of  ICBM 
flights.  Stored  trajectory  and  tracking  data  will  be  fed  to  the 
Ascension  computer  by  radio  and  teleprinter  links  from 
Canaveral. 

ADVANCED  MATERIALS 

Pure  Molybdenum  Superconducts 

Ultra-pure  samples  of  molybdenum  exhibit  superconduc- 
tive properties  at  1°C  above  absolute  zero,  Bell  Telephone 

Laboratories  scientists  report  in  the  current  issue  of  Physical 
Review  Letters.  The  key  to  the  phenomenon  is  purity — even 
trace  impurities  of  the  order  of  a  few  parts  per  million  inter- 

fere with  superconductivity.  Bell  experts  used  samples  of  the 
metal  prepared  both  by  zone  refining  and  long-time  arc  fur- 

nace heating.  The  extremely  low  transition  temperature  pre- 

cludes direct  use  of  moly  for  superconducting  magnets.  But 
the  discovery  is  expected  to  result  in  significant  develop- 

ments, since  other  ultra-pure  metallic  elements  may  exhibit 
similar  characteristics. 

Radar  Crumbles  Rock  and  Concrete  in  UK 

A  process  for  breaking  rock  and  concrete  by  high-fre- 
quency radar  waves  has  been  developed  in  England  by 

Mullard  Ltd.  and  the  Building  Research  Station  of  the 
Department  of  Scientific  and  Industrial  Research.  The  waves 
produce  an  intense  wedge  of  heat  which  splits  the  material. 
No  noise  is  produced:  Switching  on  the  power  results  in  a 
slight  click  and  the  appearance  of  thread-like  cracks.  For 
mining,  constructing  silos,  or  in  other  large  operations,  holes 
are  bored,  waveguides  inserted  and  the  radio  energy  applied. 

Laser  Beam  Cuts  Diamonds 

General  Electric  engineers  have  been  punching  holes  in 
diamonds  with  a  laser  beam  of  narrow,  coherent  light.  The 
holes  were  cut  in  200  millionths  of  a  second,  generating 
temperatures  in  the  100,000°F  range.  The  diamonds  were 
not  structurally  damaged.  While  diamonds  have  been  cut 
with  electron  beam  equipment,  GE  experts  say  the  laser 
method  has  a  number  of  advantages — including  lower  cost 
and  higher  operating  speeds.  The  beam  also  has  been  used 
to  cut  stainless  steel  and  tungsten,  among  other  materials. 

Helmet  Visor  Fogging  Eliminated 
Chemists  at  the  Armour  Research  Foundation  have  found 

that  pilot-visor  fogging  can  be  counteracted  by  inducing  an 
even  dispersion  of  water  vapor  over  the  entire  surface.  This 
prevents  moisture  exhaled  by  an  astronaut  in  a  pressure 
suit  from  collecting  in  tiny  droplets  on  his  viewing  visor.  The 
fogging  condition  occurs  whenever  the  outside  temperature 
drops  below  that  of  the  pilot's  exhaled  breath.  The  thin  coat- 

ing applied  by  Armour  produces  no  distortion,  haze,  or  other 
discernible  optical  interference. 

PROPULSION 

Large  Solid  Components  Contracted 
A  design  and  demonstration  contract  for  large  nozzles 

capable  of  withstanding  extended  firing  durations,  hypergolic 
ignition  for  solids  and  advanced  thrust  vector  control  systems 
has  been  awarded  to  United  Technology  Corp.  All  systems 
will  be  checked  out  in  a  large  number  of  subscale  firings 
before  final  design.  The  $2.1-million  Air  Force  contract  also 
includes  demonstration  firings  on  two  full-scale  segmented, 
booster-sized  rockets — one  generating  some  250,000  lbs. 
thrust  and  the  other  about  500,000  lbs.  thrust. 

ASW  ENGINEERING 

Undersea  Nuclear  Explosions  Simulated 
Navy  scientists  are  detonating  explosive  charges  of  0.2 

grams  in  a  water  tank  under  centrifugal  forces  high  enough 
to  produce  g-pulls  300  times  that  of  the  Earth.  The  test  pro- 

gram, at  White  Oak  Naval  Ordnance  Laboratory,  will  supply 
data  on  the  characteristics  of  nuclear  explosions  in  deep 
water.  Photographic  records  will  be  analyzed  to  study  the 
formation  of  water  columns  produced  by  shallow  water  ex- 

plosions of  nuclear  proportions,  the  diffusion  of  nuclear 
debris  and  other  explosion  criteria. 
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space  medicine 

G  Forces  May  Help  Against  Radiation 

Aerospace  Medical  meeting 

also  hears  reports  on  Navy 

moon  magnetic  experiment 

by  Heather  M.  David 

Atlantic  City,  N.J.  —  Increased 
g  forces  may  in  some  undetermined 
manner  protect  against  the  effects  of 
radiation. 

Research  at  the  Air  Force  School  of 
Aerospace  Medicine  has  disclosed  that 
rather  than  having  a  detrimental  effect, 
the  combination  of  g  forces  and  irradi- 

ation actually  increased  animal  radiation 
tolerance. 

In  a  paper  presented  at  the  Aero- 
space Medical  Association  meeting  here, 

four  SAM  scientists  said  that  they  had 
exposed  groups  of  rats  to  graded  doses 
of  C060  gamma  irradiation  before  and 
at  various  time  intervals  following  cen- 

trifuge runs.  Although  the  trend  of 
protection  may  not  be  great,  they  felt, 
it  could  be  extended  by  using  longer 
periods  of  latency  between  the  g  dose 
and  exposure  to  irradiation. 

They  also  concluded  that  after  ex- 
posure to  irradiation,  resistance  to 

greater  g  forces  may  be  possible  after 
a  latent  period  of  longer  duration  than 
they  had  used  in  experimentation. 

•  Magnetic  field  studies— A  high- 
light of  the  program  was  the  revelation 

that  two  Navy  volunteers  have  com- 
pleted the  first  experiment  during  which 

the  magnetic  field  of  the  moon  was 
simulated  for  a  two-week  period. 

The  subjects  were  confined  to  an 
eight-ft. -square  area  within  the  Naval 
Ordance  Laboratory's  field  coil  system 
at  White  Oak,  Md.,  near  Washington, 
D.C.  By  creating  a  compensating  mag- 

netic field,  the  coil  system  creates  the 
same  magnetic  environment  as  the  moon 
— about  1/1000  as  strong  as  that  of 
Earth. 

Project  director  Dietrich  E.  Beischer, 
PhD,  of  the  Navy  School  of  Aviation 
Medicine,  told  the  Aerospace  Medical 
Association  that  "at  this  time  I  can 
say  that  no  acute  physiological  reactions 
were  observed  during  the  tests.  How- 

ever, evaluation  of  the  results  is  still  in 
progress  and  I  can  only  give  the  full 

story  at  a  later  time." 
Dr.  Beischer  said  earlier  that  "an 

educated  guess  suggests  effects  on  bio- 
logical rhythms  and  possibly  space  and 

time  perceptions." To  create  ideal  conditions,  all  ferro- 
magnetic objects  were  excluded  from 

the  personal  belongings  and  equipment 
used  in  the  experiment.  All  furniture 
and  personal  equipment  was  constructed 

of  non-ferromagnetic  materials. 
The  volunteers  took  a  number  of 

visual  and  psychological  tests. 
Under  the  project,  which  is  sup- 

ported by  NASA  funds.  Dr.  Beischer 
also  is  conducting  research  on  extremely 
high  magnetic  fields  and  their  effect on  animals. 

The  NOL  field  coil  system  consists 
of  12  independent  circuits  made  from 
special  141 -conductor  magnetic  field 
cable  contained  in  a  coil  framework. 
This  framework  is  oriented  along  the 
lines  of  magentic  north  and  south,  so 
that  the  magnetic  field  at  the  east-west 
heading  is  valued  at  zero.  The  two 
active  components  of  the  system  com- 

pensate for  the  horizontal  factor  of  the 
Earth's  magnetic  field,  and  the  vertical 
factor  of  the  Earth's  magnetic  field. 

The  building  housing  the  coil  is  as 
free  from  metal  as  possible — its  con- 

struction being  screend  of  iron  and 
steel.  Nails  in  the  building  are  copper, 
light  switches  are  porcelain,  drains  are 
transite.  and  beams  are  wood.  Even  the 
sand  which  went  into  the  mortar  was 
screened  to  make  certain  it  contained  no 
minute  particles  of  iron  oxide. 

NOL's  system  is  the  largest  one  in 
the  country  capable  of  producing  uni- 

form fields  of  low  intensity  in  three 
mutually  perpendicular  directions — and 
the  only  one  large  enough  to  permit 
human  habitation  within  the  framework 
of  its  coils. 

•  Limit  of  impact  tolerances  —  A 
Vought  Astronautics  engineer  presented 
a  new  concept  in  determining  how  much 
impact  acceleration  a  human  can  stand. 
He  noted  that  although  mathematical 
techniques  and  specialized  electronic 
analog  computers  have  been  developed 
which  can  predict  man's  mechanical 
response  to  impact  acceleration,  there 

is  no  method  to  predict  an  individual's 
physiological  tolerance  limit. 

The  engineer,  A.  B.  Thompson,  sug- 
gested that  limits  should  be  set  by  the 

force  exerted  per  unit  area  on  the  body 
by  the  restraint  or  support  system  at 
maximum  deceleration. 

Thompson  said  studies  of  blast,  sled 
and  automobile  accident  survivals  indi- 

cated that  28  to  32  lbs.  psi  is  the  onset 
level  for  shock  and  45  to  55  lbs.  psi 
is  the  level  for  50%  mortality  for 
transverse  accelerations  of  less  than  .07 

Panel  Reported  Finding  DOD  Has  Biomed  Know-How 
THE  SPECIAL  bioastronautics 

panel  set  up  by  the  National  Aero- 
nautics and  Space  Council  has  found 

that  the  existing  capability  for  biomedi- 
cal research  lies  within  the  Department 

of  Defense,  a  member  of  the  House 
Committee  on  Science  and  Astronautics 
has  revealed. 

Rep.  Emilio  Q.  Daddario  (D- 
Conn.),  long  a  student  of  the  problems 
of  the  nation's  life  sciences  program, 
told  the  Space  Medicine  Branch  of  the 
Aerospace  Medical  Association  that  it 
was  his  understanding  that  the  panel 
had  made  this  finding,  although  the  re- 

port remains  classified. 
Daddario  added  that  "the  only  point to  be  resolved  is  how  this  can  best  be 

applied  to  the  nation's  space  program, 
both  civilian  and  military." 

During  his  service  on  the  House 
Space  Committee,  the  Connecticut 
Democrat  has  frequently  warned  against 
waste  of  resources  through  duplication 
of  biomedical  research  facilities. 

On  another  subject,  the  congressman 
told  the  Branch,  gathered  at  Atlantic 
City  for  the  33rd  annual  meeting  of  the 
AMA,  that  caution  should  be  exercised 

in  following  President  Kennedy's  sug- 
gestion that  the  field  of  space  medicine 

be  designated  as  one  in  which  the  U.S. 
might  cooperate  with  the  USSR. 

He  pointed  out  that  although  the 
Russians  are  in  a  position  to  have  more 
advanced  knowledge  than  we  have,  "we 
cannot  afford  an  open-handed  approach 
that  would  place  other  considerations 
above  the  national  security  " 

22 missiles  and  rockets,  April  23,  1962 



second  duration. 

•  Weightlessness — In  another  paper 
from  Vought  Astronautics,  Dr.  Charles 
F.  Gell  emphasized  the  necessity  for 
studies  at  the  cell  level  of  the  effects 
of  weightlessness  on  man.  He  said  that 
just  as  two-phase  systems — like  air-in- 
water  and  air-in-oil — react  differently 
in  a  weightless  state,  so  might  the  con- 

stituents of  cells. 
Dr.  Gell  also  noted  that  reports  on 

Russian  aerospace  medical  research  in- 
dicated that  cells  exposed  to  prolonged 

weightlessness  had  an  increased  rate  of 
mitosis.  The  levels  of  radiation  reported 
during  these  Russian  studies  were  not 
high  enough  to  have  been  responsible 
for  producing  this  response. 

Dr.  Gell  also  announced  that  Vought 
Astronautics  has  designed  a  satellite 
system  to  record  and  transmit  the  visual 
microscopic  changes  in  all  samples  ex- 

posed to  zero-g. 
Another  problem  of  weightlessness 

was  discussed  by  Lt.  Commander  Norris 
K.  Combs,  of  the  U.S.  Naval  Air  Sta- 

tion at  Norfolk,  Va. 
Combs  suggested  that  the  absence 

of  the  weight  of  food  might  impair  the 
usual  method  of  exposing  food  to  gas- 

tric juices,  thus  stopping  digestion.  He 
added  that  in  early  spaceflights  it  might 
be  necessary  to  provide  personnel  with 
drugs  to  stimulate  peristalsis. 

•  High  gravity — Plants  and  lower 
animals  subjected  to  chronic  centrifu- 
gation  have  shown  significant  alterations 
in  life  span  and  development. 

Several  members  of  the  department 
of  physiology  of  the  State  University  of 
Iowa  concluded  that  while  terrestrial 
forms  of  life  could  probably  survive  on 
other  planets  with  different  gravitational 
stresses,  they  would  suffer  developmen- 

tal alterations  of  one  sort  or  another. 
The  group  has  studied  a  number  of 
different  life  forms,  including  mice  and 
fly  larvae. 

•  Radiation — Exposure  to  neutrons 
during  space  travel  may  have  a  pro- 

found effect  on  man's  ability  to  with- stand other  stresses. 

Researchers  at  General  Dynamics' 
Life  Sciences  Laboratory  and  the  U.S. 
Naval  Radiological  Defense  Laboratory 
found  that  neutron  exposure  affected 
the  cold  tolerances  of  rats  much  more 
than  did  X-ray  exposure.  The  research- 

ers cautioned  that  before  an  "acceptable 
dose"  of  radiation  is  set  for  the  crew 
of  a  space  vehicle,  more  information 
should  be  accumulated  on  its  effect  on 
other  stress  tolerances. 

A  space  radiation  monitoring  sys- 
tem developed  for  the  Air  Force  by  the 

Philco  Corp.'s  Western  Development Laboratories  was  described  at  the  con- 
ference. This  system  will  be  used  on 

future  satellite  nights,  and  is  capable  of: 
1)    Differentiating  between  radia- 

NUCLEAR  AUX.  POWER  SOURCE 

MISSION  EQUIPMENT  HUB (Stable  Platform,  Telescopes, Inlra-Red  and  Radar 
Equipment,  etc.) 

TRANSFER  MECHANISM 

LIVING-WORKING COMPARTMENT (Closed  Ecological  Syst 

USEFUL  COUNTERMASS 
(Massive  Components  -  Batterle. Machinery,  Stores,  etc.) 

DOCK  FOR  ESCAPE  VEHICLE 
(Permanent  Ballast) 

NOTE:  Entire  Hub  Non-Rotat 

AF -PROPOSED  "dtimbell"  vehicle  would  simulate  gravity. 

tions  of  different  types  and  determining 
the  intensity  of  each  type. 

2)  Measuring  the  dose  rate  associ- 
ated with  each  particle  type  in  each 

energy  interval,  the  overall  dose  rate 
from  all  particle  types  and  energies,  and 
the  time-integrated  dose. 

3)  Telemetering  the  information  to 
ground  receiving  stations. 

4)  Enabling  display  of  overall  dose 
rate  and  time-integrated  dose  informa- 

tion to  the  vehicle  passenger. 
The  system  is  designed  for  a  six- 

month  life  expectancy,  and  was  de- 
veloped under  an  Air  Force  contract 

for  the  Holloman 
AFB  Aeromedical 
Research  Lab. 

•  Danger  of 
lasers  —  Lasers 

which  produce  ex- tremely intense, 
monochromatic 

beams  may  be  haz- ardous to  the  eyes 

of  ground  and 
space  crews. Dr.  Milton  M. 
Zaret,  of  the  New 
York  University 

Medical  Center  de- 
partment of  oph- 

thalmology, re- 
ported that  experi- ments on  pigmented 

rabbit  eyes  demon- 
strated that  pro- 

found retinal  dam- 
age was  produced by  a  pulsed,  ruby 

optical  maser  emit- ting a  0.1  joule  in 
a  beam  having  a 

diameter  of  1  cen- 
timeter in  a  single  0.5  millisecond  burst. 

He  said  that  exposure  of  0.5  milli- seconds to  this  beam  formed  a  lesion 
resembling  one  produced  by  the  fire- 

ball of  nuclear  exposures. 
•  Vibration  and  altitude — Animals 

vibrated  in  an  altitude  of  18,000  ft. 
are  much  more  subject  to  pulmonary 
damage  than  those  vibrated  at  sea  level, 
a  group  of  researchers  from  The  Boeing 
Co.  reported. 

They  noted  that  there  was  no  sig- 
nificant mortality  increase  up  to  1 0,000 

ft.  simulated  altitude,  but  above  that 
mortality  increased  with  altitude.  ~ 

PHILCO  CORP.  described  at  AM  A  meeting  this  space  radiation  monitoring  system,  to  be 
used  on  future  satellite  flights. 
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A  MATERIALS  LABORATORY  IN  SPACE 

A  comprehensive  understanding  of  the  reaction  of  materials  to  outer  space 

is  an  important  key  to  this  country's  space  program.  In  their  study  of  materials, 
scientists  at  Lockheed  Missiles  &  Space  Company  found  the  problem  could  be 

most  graphically  depicted  by  showing  the  various  environmental  factors  impinging 

on  a  simple  cube-shaped  vehicle.  A  cube,  placed  in  a  noon  polar  circular  orbit, 
would  allow  unusual  isolation  of  the  effects  of  space  on  materials;  make  their 

measurement  simpler  and  more  accurate;  and  offer  a  built-in  control  of  the  results. 
For  example:  The  horizontal  surface  facing  away  from  the  earth  would  receive 

only  direct  solar  insolation,  while  that  facing  the  earth  would  get  mostly  earth  shine 

and  earth-reflected  solar  radiation.  This  hypothetical  model  lucidly  illustrates 

the  effects  of  such  phenomena  as:  Solar  irradiation,  sputtering,  micro-meteoritic 
erosion,  solar  corpuscular  radiation,  auroral  radiation  and  the  like. 

Guided  by  engineers  and  scientists  of  outstanding  calibre,  Lockheed  Missiles  & 

Space  Company  has  won  its  place  in  the  forefront  of  many  disciplines  in  missile 

and  space  technology.  And  such  progress  constantly  creates  key  positions  for 

others  of  proven  ability.  Lockheed's  location  in  Sunnyvale  and  Palo  Alto  on  the 
beautiful  San  Francisco  Peninsula  is  ideal.  So  is  the  climate— physical  and  mental. 

If  you  are  interested  in  correlating  your  specialty  to  one  of  Lockheed's  many 
challenging  assignments,  please  write  to:  Research  &  Development  Staff, 

Dept.  M-37C,  599  North  Mathilda  Avenue,  Sunnyvale,  California. 
An  equal  opportunity  employer. 

MISSILES  &  SPACE  COMPANY 

A  GROUP  DIVISION  OF~  LOCKHEED  AIRCRAFT  CORPORATION 

Systems  Manager  for  the  Navy  polarss  fbm  and  the  Air  Force  agena  Satellite  in  the  discoverer  and  medas 
programs.  Other  current  programs  inciude  saint,  advent  and  such  nasa  projects  as  ogo,  oao,  echo,  and  nimbus. 

SUNNYVALE. PALO  ALTO.  VAN  NUYS.  SANTA  CRUZ.  SANTA  MARiA.  CALIFORNIA •  CAPE  CANAVERAL.  FLORIDA HAWAII 



LEFT:  Standard  nitrobenzene-filled  Kerr  cell  of  type  used  in  KFC-600.  RIGHT:  The  camera  uses  six  of  the  cells. 

optics 

Kerr  Cell  Camera  Has  Record  Speed 

by  Arthur  H.  Collins 

Pasadena,  Calif. — An  ultra-high- 
speed Kerr  cell  framing  camera — capa- 

ble of  taking  six  frames  at  a  rate  of 
100,000,000  frames  per  second  with 
exposure  times  as  brief  as  five  nanosec- 

onds— has  been  developed  by  Electro- 
Optical  Instruments,  Inc. 

The  camera,  designated  KFC-600, 
has  wide  applications  in  aerospace 
studies  of  physical  phenomena  such 
as  arc  and  plasma  gas  discharge,  ex- 

plosive detonation,  hyper-velocity  im- 
pact, shock  wave  studies  and  nuclear 

instrumentation. 
EOI  says  the  new  tool  surpasses 

previously  available  devices  in  framing 
speed  and  number  of  frames  available. 
The  best  earlier  instrumentation  cameras 
could  take  only  three  frames  at  rates  of 
less  than  15,000,000  per  sec. 

The  KFC-600  makes  possible  studies 
of  an  entire  history  of  a  physical  phe- 

nomenon such  as  an  explosive  detona- 
tion. Previous  studies  were  limited  to  a 

few  frames  of  sequential  exposures  of 
the  same  type  of  phenomenon  during 
the  repetitious  experiments. 

The  KFC-600  instrument  system 
consists  of  a  camera  unit  and  a  remote- 
control  electronics  chassis.  The  camera 
unit  is  made  up  of  a  single  lens,  a  six- 
sided  prism,  six  Kerr  cell  shutters  and 
six  film  holders  which  permit  use  of 
Polaroid  film.  The  remote  control  chas- 

sis houses  all  electronics  necessary  for 
timing  and  pulsing. 

•  New  use  of  old  theory — Opera- 
tion of  the  system  is  based  on  a  theory 

developed  by  John  Kerr  almost  a  cen- 
tury ago.  This  theory  lead  to  the  de- 

velopment of  a  light  valve,  commonly 
referred  to  as  the  Kerr  cell,  which  is 
finding  much  use  today  in  the  measure- 

ment of  very  small  time  intervals. 
The  heart  of  any  photographic  sys- 

tem is  the  shutter.  The  KFC-600  is  no 
exception,  but  instead  of  a  single  shutter 
this  system  uses  six,  each  controlled  by 
an  electronic  impulse. 

The  Kerr  cell  shutter  consists  of  two 
flat  plates  or  electrodes  immersed  in  a 
fluid  (nitrobenzene)  which  becomes 
birefringent  when  an  electric  field  is 
applied.  When  oriented  between  two 
polarizers  crossed  for  minimum  light 
transmission,  the  cell  constitutes  an 
electro-optical  shutter. 

The  crossed  polarizers  prohibit  pas- 
sage of  light  when  no  voltage  is  applied. 

When  a  high  voltage  is  applied  at  the 
electrodes,  the  state  of  polarization  is 
altered  and  light  is  passed  through  the 
second  polarizer  onto  the  film. 

An  isotropic  substance  (one  having 
the  same  properties  in  all  directions) 
which  exhibits  the  property  of  optical 
birefringence  when  subjected  to  an 
electrostatic  field  is  said  to  exhibit  the 
electro-optical  Kerr  effect.  Nitrobenzene 
is  such  a  substance. 

To  better  illustrate  the  influence  ot 
an  electric  field  upon  a  liquid  which 
exhibits  the  Kerr  effect,  consider  the 
arrangement  of  lenses  Li  and  L2,  polar- 

izers P  and  A,  and  the  Kerr  cell  in 
Fig.  I  c,  where  S  is  the  light  source  and 
i  is  its  optical  image. 

A  beam  of  light  enters  the  cell  plane 
polarized  at  an  angle  H>  with  respect  to 
the  applied  electric  field.  The  electric 
vector  in  the  incident  light  may  be  re- 

solved into  two  components,  one  paral- 
lel and  one  perpendicular  to  the  applied field. 

These  components  possess  different 
wavelengths,  since  they  traverse  the 
cell  fluid  with  different  velocities  as 
shown  in  Fig.  la  (exaggerated). 

In  other  words,  there  will  be  a  con- 
tinuously increasing  difference  in  time 

phase  between  the  two  components  of 
light  as  they  traverse  the  cell.  Since  the 
state  of  polarization  of  the  light  at  any 
point  is  dependent  on  the  difference  in 
time  phase  between  the  two  components, 
the  resultant  light  emerging  from  the 
cell  will  no  longer  be  plane-polarized. 

If  the  angle  i|>  of  the  plane  of  polar- 
ization upon  entering  is  45  degrees  and 

the  angular  time  phase  difference  6, 
between  the  components  is  an  odd 
multiple  of  tt/2,  the  light  will  become 
circularly  polarized.  If  6  is  an  odd  mul- 

tiple of  tt,  the  emergent  light  will  be 
plane  polarized  at  90  degrees  to  the 
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WIRE  COIL 

WITH  A 

MESSAGE! 

The  torpedo  coming  at  you  is  guided  by  a 

free  payout  communications  coil.  Engineer- 
ing techniques  that  make  this  possible  were 

developed  by  Vitro  for  the  U.S.  Navy's  wire 
guided  torpedo  system  and  can  be  applied 
to  any  underwater  signal  transmission 

problem.  □  Vitro  has  produced  coils  from  300  feet  to  over  twenty 
miles  in  continuous  fault-free  links.  They  are  used  wherever  special 
requirements  demand  communications  between  several  moving  or 
fixed  stations.  Independent  and  simultaneous  maneuvering  of  any  or 
all  of  the  connected  stations  is  possible  without  interruption  of  wire 

payout,  interference  or  damage  to  the  wire.  O  Vitro's  14  years  of 
research  and  development  in  underwater  communications  can  be 
applied  to  your  problems.  Typical  applications  include:  deep 
sonobuoys  for  AS W  detection,  submarine  to  surface  communications, 
oceanographic  instrumentation  and  data  communications  links  to 
transmit  information  such  as  temperature,  salinity,  pressure  and 
current.  Both  digital  and  analog  systems  may  be  employed.  O  Address 
inquiries  to  communications  engineering  group,  Vitro  Laboratories, 
14000  Georgia  Avenue,  Silver  Spring,  Md. 

TO 

VITRO  CORPORATION  OF  AMERICA  '261  Madison  Avenue/New  York  16,  New  York 
Circle  No    5  on  Subscriber  Service  Card  27 



plane  of  polarization  of  the  entering 
light;  for  6  equal  to  an  even  multiple 
of  tt,  the  light  leaves  polarized  just  as 
it  entered.  For  any  other  values  of  6, 
the  light  will  be  elliptically  polarized. 
Fig.  lb  illustrates  the  states  of  polar- 

ization for  8=0,  it/4,  ir/2,  3ir/4  and 
tt.  When  8  equals  tt  the  shutter  is  in 
full-open  operation. 

For  optimum  operation  as  an  elec- 
tro-optical shutter,  the  angle  between 

the  plane  of  polarization  of  the  entering 
light  and  the  applied  electric  field 
must  equal  45  degrees  and  the  angle 
at  which  the  analyzer  is  set  relative  to 
the  applied  electric  field  (a)  must  equal 
—  45  degrees. 

As  the  potential  applied  to  the 
electrodes  is  increased,  the  amount  of 
light  passed  by  the  shutter  increases 
until  the  light  becomes  polarized  in  the 
plane  of  transmission  of  the  analyzer, 
A  (Fig.  lc).  At  this  voltage  point  the 
shutter  is  fully  open  and  any  further 
increase  in  potential  causes  a  decrease 
in  the  light  transmitted. 

The  condition  of  full-open  shutter 
operation  is  when  nlKE0  —n/2  where 
1  =  length  of  Kerr  cell  electrode,  K= 
Kerr  constant  of  liquid  used.  Taking 
Et,=Vo/d  where  d  is  the  separation  of 
the  plates,  this  leads  to 

Vo=300  (2  IK)-*  volts Since  the  Kerr  constant  (K)  is  at 

best  of  the  order  of  10-"',  shutters  of 
wide  operture  require  very  high  volt- 

ages. An  alternative  would  seem  to  be 
to  increase  the  lengths  of  the  electrode 
plates  (1).  However,  any  increase  here 
adversely  affects  the  angular  field  and 
limits  the  operating  speed  of  the  shutter 
by  increasing  the  electrostatic  capaci- 

tance of  the  cell. 

•  Characteristics  of  cell — The  gen- 
eral characteristics  of  the  Kerr  cell  are: 
(1)  Areal  aperature:  2  by  4  cm  at 

smaller  end  and  3  by  4  at  larger  end. 
(2)  Angular  aperature:  The  appar- 
ent (refracted)  dihedral  angle  between 

electrodes  is  20  degrees  and  the  appar- 
ent optical  length  between  apertures 

is  3  cm. 
(3)  Operating  voltage:  At  optical 

wavelength  of  0.5n  the  voltage  required 
for  full-open  condition  is  approximately 
35  kv  and  the  Kerr  cell  capacity  is  ap- 

proximately 25n)i. 
To  convert  the  Kerr  cell  to  a  useful 

photographic  instrument,  it  is  necessary 
to  supply  voltage  pulses  of  suitable 
magnitude  and  duration  at  accurately 
predetermined  instants.  This  requires 
development  of  switching  techniques 
providing  voltage  pulses  in  the  25  to 
50  kv  range  with  transition  times  on 
the  order  of  10_n  seconds. 

Fabrication  of  a  hermetically  sealed 
Kerr  cell  of  wide  aperature  is  a  rela- 

tively simple  problem;  however,  to  pro- 
vide a  circuit  to  operate  such  a  device 

is  quite  another  matter. 

FIG.  1 — Light  valve  operating  principle. 

SYNCHRONIZING 
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FIG.  2 — Diagram  of  Kerr  cell  shutter  mod- 
ulator and  synchronizing  system. 

,T0  KERR 
CELL 

FIG.  3 — Operation  of  pulse  forming  net- 
work, (a)  Prior  to  closing  switch,  (b)  Volt- 

age-time sequences  after  switch  is  closed. 

The  principal  requirements  for  the 
electrical  circuitry  can  be  stated  as 
follows: 

( 1 )  It  must  provide  a  pulse  of  very 
high  voltage  (25-50  kv)  and  of  very 
brief  duration  (10~s  second  or  less) 
and  must  be  capable  of  accurate  syn- 

chronization with  the  phenomenon 

being  studied  (of  the  order  of  10~9 seconds  or  less). 
A  complete  Kerr  cell  camera  sys- 
tem block  diagram  is  shown  in  Fig.  2. 

Parallel  synchronization  is  used,  rather 
than  the  tandom  mode,  because  it  per- 

mits synchronization  over  the  entire 
duration  of  the  phenomenon.  An  initiat- 

ing trigger,  externally  supplied,  simul- 
taneously initiates  the  phenomenon 

under  study  and  the  shutter  action  of 
the  Kerr  cell  by  means  of  a  synchro- 

nizing pulse  generator. 

As  noted,  the  voltage  pulse  must  be 
very  brief  and  of  high  voltage.  The 
duration  requirement  has  been  met  by 
the  design  of  a  low-inductance  circuit 
configuration  and  by  operating  a  hydro- 

gen thyratron  at  increased  gas  pressure. 
The  requirement  for  high  voltage 

has  been  met  in  part  by  operating  the 
thyratron  at  anode  voltages  greatly  in 
excess  of  normal  ratings,  and  in  part 
by  use  of  a  newly  designed  pulse-form- 

ing network  (PFN)  which  supplies  a 
voltage  pulse  of  amplitude  equal  to  the 
full  anode  voltage.  Fig.  3  shows  the 
network  to  be  a  variation  of  the  usual 
transmission  line  type  of  PFN  widely 
used  in  radar  modulators. 

The  PFN  elements  include  a  trans- 
mission line  of  electrical  length  y, 

charged  from  a  voltage  source  Eo, 
through  a  charging  resistor  R,  and  a 
switch  which  initiates  the  pulse  forma- 

tion by  closing  the  switch,  a  voltage 
pulse  of  magnitude  E»  and  duration  v 
appears  across  the  open  or  unterminated 
end  of  the  line,  while  a  voltage  pulse 
of  magnitude  E»/2  and  duration  of  2y 

appears  at  the  end  of  the  line  termi- 
nated in  the  characteristic  line  en- 

pedance. The  PFN  and  terminating  resistors 
are  potted  in  a  thermal  setting,  high- 
breakdown-strength  plastic,  in  order  to 
keep  lead  inductance  to  a  minimum, 
and  to  decrease  possibility  of  arc -over 
at  elevated  voltages. 

Control  electronics  are  housed  in  a 
standard  relay  rack  with  a  10-ft.  cable 
to  the  recording  instruments.  AH  con- trol functions  are  made  at  the  control 
cabinet.  These  include  high-voltage  ad- 

justments, interframe  time  adjustments, 
capping  shutter  control  and  main  sys- 

tem power. 
In  addition  to  these  standard  con- 

trols, it  is  possible  to  monitor  exact 
initiation  of  the  shuttering  action  of 
each  frame  by  means  of  low-voltage 
samples  of  the  Kerr  cell  shuttering 
pulses.  The  timing  pulses  can  be  fed  to 
an  oscilloscope  from  a  single  connector 
on  the  front  of  the  control  chassis. 

The  design  of  the  optical  system 
of  the  KFC-600  offers  several  immedi- 

ate advantages.  After  initial  alignments 
have  been  completed,  subsequent  focus- 

ing and  image  adjustments  are  made 
on  only  two  components,  the  lens  and 
the  prism.  Another  advantage  is  that 
both  exposure  and  interface  time  can 
be  arbitrarily  selected  to  accommodate 
the  amount  of  light  available  and  the 
rate  of  growth  of  any  time  during  the 
event  because  of  the  independence  of 
exposure  and  interframe  times. 

Accessory  option  lenses  are  avail- 
able that  enable  the  system  to  cover 

magnifications  ranging  from  1 :4  through 
4:1  or  objects  as  far  away  from  the 
camera  at  4  feet  or  down  to  a  micro- 

scopic size. 
28 missiles  and  rockets,  April  23,  1962 



A  BLAW-KNOX  "FIRST"  ON  PROJECT  NIMBUS 

NEW  "X-Y"  MOUNT  PREVENTS  GIMBAL  LOCK 
A  new  project,  operated  by  the  Goddard  Space  Flight 
Center  of  the  National  Aeronautics  and  Space  Adminis- 

tration, is  getting  underway  at  College,  Alaska.  An  85-ft. 
Blaw-Knox  Antenna  will  be  used  for  advanced  meteoro- 

logical satellite  projects. 
Blaw-Knox  has  designed  and  built  many  85-ft.  an- 

tennas before,  but  this  application  called  for  even  greater 
tracking  precision  so  a  new  "X-Y"  mount  was  designed 
that  eliminates  gimbal  lock  at  zenith.  The  antenna  is 
capable  of  moving  through  zenith  position  to  all  parts 
of  the  horizon.  This  is  the  first  such  mount  to  be  put 
in  service.  This  was  a  Blaw-Knox  concept — a  Blaw- 

Knox  design — and  Blaw-Knox  precision  construction. 
It  is  110  feet  high,  and  has  a  6000  sq.  ft.  parabolic  alu- 

minum reflecting  surface.  The  substructure  is  of  nickel 
alloy  steel  to  withstand  extremely  low  temperatures. 

Blaw-Knox  designs  and  builds  to  close  tolerances, 
with  minimum  deflections,  at  reasonable  cost — fabri- 

cates in  steel,  special  alloys  and  aluminum — designs  to 
your  needs,  or  builds  to  your  specifications.  Complete 
research,  engineering,  testing  and  fabricating  facilities 
are  at  your  disposal.  Write  or  phone  today  for  immedi- 

ate attention.  Blaw-Knox  Company,  Advanced  Products 
Division,  Pittsburgh  30,  Pa.  Phone,  STerling  1-2700. 

Advanced  Products  Division 

Blaw-Knox  designs  and  manufactures  for  America's  growth  industries:  METALS:  Rolling  Mills  •  Steel  Process- 
ing Lines  •  Rolls  •  Castings  •  Open  Hearth  Specialties  •  PROCESSING:  Process  Design,  Engineering  and  Plant 

Construction  Services  •  Process  Equipment  and  Pressure  Piping  •  CONSTRUCTION:  Concrete  and  Bituminous 
Paving  Machines  •  Concrete  Batching  Plants  and  Forms  •  Gratings  •  AEROSPACE:  Fixed  and  Steerable 
Antennas  •  Radio  Telescopes  •  Towers  and  Special  Structures  •  POWER:  Power  Plant  Specialties  and  Valves 
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space  systems 

IMP  Solar  Flare  Data  May  Save  Live 

Satellites  developed  by  NASA's  Goddard  group 
will  also  investigate  Earth-Sun  relationships 

by  William  Beller 

EXPLORER  X  FLUXGAT 
SENSOR  (2) 
(OPPOSITE  PADDLES) 

SHROUD  SEPARATION  PLANE 

SOLAR  ARRAY  (4) 

M.l.T.  ELECTRONICS 
FLUXGATE  ELECTRONICS 
RB  VAPOR  MAGNETOMETER 
ELECTRONICS 

SCHEMATIC  of  Goddard's  Interplanetary  Monitoring  Probe  (IMP). 
32 

THE  LIVES  of  some  future  Apollo 
astronauts  may  depend  on  how  success- 

fully a  newly  disclosed  monitoring  sat- 
ellite called  IMP  gathers  data  from 

cislunar  space. 
On  the  lookout  for  proton  and  other 

solar  radiations,  an  IMP  is  intended  to 
be  in  orbit  at  all  times — starting  from 
the  scheduled  first  launch  in  the  second 

quarter  of  1963. 
A  prime  purpose  of  IMP  is  to  help 

develop  a  way  to  anticipate  solar  flares. 
Only  a  statistical  method — described 
last  year  by  University  of  California 
scientist  Dr.  Kinsey  A.  Anderson 
(M/R,  Aug.  7,  1961,  p.  30)— has  so  far 
been  able  to  predict  them  with  fair  ac- 

curacy. However,  when  Apollo  astro- 
nauts are  in  flight,  each  unpredicted 

solar  flare  can  cause  three  deaths. 
Therefore  the  National  Aeronautics  and 
Space  Administration  considers  IMP 
an  essential  input  to  the  Apollo 

program. •  Name  a  misnomer  —  IMP,  an 
acronym  for  Interplanetary  Monitoring 
Probe,  describes  a  family  of  identical 
satellites  designed  to  be  neither  inter- 

planetary nor  probes.  They  will  have 
expected  lifetimes  of  one  year,  and  will 
be  sent  on  highly  eccentric  orbits  reach- 

ing initial  apogees  of  about  150,000 
nautical  miles  and  perigees  of  110 
nautical  miles. 

Other  purposes  of  IMP  are  to  get 
information  about  solar-terrestrial  re- 

lationships and  give  designers  more  ex- 
perience in  building  relatively  simple, 

lightweight  and  unstabilized  vehicles 
able  to  explore  cislunar  and  interplane- 

tary space. To  do  this,  each  IMP  will  hold  eight 
scientific  experiments  aimed  at  getting 
data  on  the  solar  wind,  cislunar  mag- 

netic field,  and  the  intensity  and  charge 
spectra  of  cosmic  rays. 

IMP  is  an  in-house  project  of 
NASA's  Goddard  Space  Flight  Center. 
Although  the  official  go-ahead  came 
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>f  Astronauts 

Model  of  IMP  showing 
only  two  of  four  solar  panels. 

only  two  months  ago,  the  design  of 
IMP  is  almost  ready  to  be  frozen  and 
some  hardware  is  already  being  built. 
Present  plans  call  for  experimenters 
and  instrumenters  to  deliver  prototype 
hardware  in  September. 

The  program  prescribes  three  IMPs, 
the  second  and  third  to  be  orbited  on 
successive  years  after  the  hoped-for  first 
successful  launching  next  year,  accord- 

ing to  G.  W.  Longanecker,  Assistant 
Project  Manager.  The  satellite  is  de- 

scribed as  spin-stabilized,  equipped  with 
solar-cell  power  supply,  and  using  a  digi- 

tal-data processor  to  ensure  effective 
use  of  the  available  telemetry  bandwidth. 

•  To  ride  improved  Delta — Weigh- 
ing a  little  less  than  125  lbs.,  the  IMP  is 

in  the  "small  satellite  class."  Thus  it  can 
be  launched  by  a  Delta,  somewhat  mod- 

ified to  send  the  orbiter  on  its  highly 
eccentric  path. 

Outwardly,  the  launch  vehicle  will 
be  unchanged  from  the  conventional 
Delta.  However,  the  Douglas  booster 
will  be  a  "Block-2"  Thor,  giving  165,000 
lbs.  thrust  instead  of  the  nominal  150,- 
000  lbs;  the  Aerojet  second-stage  pro- 
pellant  tank  will  be  extended,  but  the 
ABL-X248  third  stage  will  be  left  alone. 

Longanecker  describes  IMP  as  a  step 
beyond  Explorer  X  and  XII — but  cost- 

ing no  more:  it  takes  what  it  can  from 
its  predecessors  and  what  it  cannot,  it 
prorates  on  its  successors. 

The  satellite's  structural  design  is taken  directly  from  Explorer  XII.  The 
rubidium-vapor  magnetometer  was  used 
on  Explorer  X.  Moreover,  much  of  the 
instrumentation  was  proven  on  previous 
Goddard  satellites.  The  PFM  tele- 

metry system,  designed  by  Robert  Ro- 
chelle,  head  of  Goddard's  Flight  Data 
Systems  Branch,  was  used  on  several 
satellites  including  Explorer  X  and  XII 
and  the  forthcoming  S-5I. 

In  every  instance,  a  proposed  IMP 
experiment  was  either  on  Explorer  X 
or  XII,  or  is  being  developed  for  EOGO, 

Ranger,  or  Mariner. 
Paul  Butler,  Project  Manager,  and 

Dr.  F.  B.  McDonald,  Project  Scientist, 
prescribed  that  IMP  scientific  experi- 

ments be  stored  in  standard  modules 
which  could  be  pulled  out  like  drawers 
from  the  satellite's  octagon  structure. 
In  this  way,  there  will  be  none  of  the 
usual  fussing  around  if  an  experimenter 
wishes  to  make  changes  in  his  module 
or  wants  to  substitute  another. 

IMP  will  carry  three  categories  of 
experiments:  cosmic  ray,  solar  wind 
and  magnetic  field. 

•  Cosmic-ray  experiments: 
—Range  versus  energy  loss.  Experi- 

menter— Dr.  J.  A.  Simpson,  University 
of  Chicago.  Instrument  is  designed  to 
recognize  solar-proton  or  alpha-flare 
events.  Protons  with  energies  between 
1 00  kev  and  200  mev  will  be  measured. 
To  do  this,  a  range-energy  loss  tele- 

scope using  between  25  and  40  solid- 
state  detectors  along  with  a  64-channel 
pulse-height  analyzer  and  range  logic 
similar  to  that  in  Mariner  will  be  used. 

—Total  energy  versus  energy  loss. 
Experimenter — Dr.  F.  B.  McDonald, 
Goddard.  Experiment  furnishes  preci- 

sion separation  of  protons,  electrons, 
alpha  particles  and  heavy  primaries  and 
is  sensitive  down  to  very  small  flux 
values,  thereby  providing  a  means  of 
determining  energy  and  charge  spectra. 
To  help  do  this,  a  thin  "energy  loss" 
crystal  is  placed  in  coincidence  with  a 
thick  total-energy  scintillator. 

— Neher-type  ion  chamber.  Experi- 
menter— Dr.  Kinsey  Anderson,  Univer- 

sity of  California.  Instrument  measures 
total  ionization  produced  per  unit  time 
in  a  unit  volume  of  standard  density 
air.  It  has  been  flown  on  Explorer  VI 
and  Pioneer  V. 

—Orthogonal  Geiger-counter  tele- 
scope array.  Experimenter — Dr.  F.  B. 

McDonald.  Two  Geiger-counter  tele- 
scopes mounted  at  right  angles  to  each 

other — one  along  spin  axis — will  give 

data  on  the  isotropy  of  solar-proton 
events  and  of  cosmic-ray  modulation. 

•  Solar  wind  experiments: 

— Low-energy  proton  analyzer.  Ex- 
perimenter— Dr.  Michael  Bader,  NASA, 

Ames  Research  Center.  The  proton 
concentrations  as  a  function  of  kinetic 
energy  are  determined  by  admitting  the 
protons  through  a  slit  of  known  dimen- sions in  the  satellite  skin.  A  variable 
curved-plate  electrostatic  analyzer  sep- 

arates the  particles  according  to  their energy. 

—Plasma  probe.  Experimenter — Dr. 
Herbert  Bridge,  Massachusetts  Institute 
of  Technology.  Plasma  probe  will  meas- 

ure the  flux  of  low-energy  positive  par- 
ticles in  particle-velocity  increments  be- 

tween 10  km/sec.  and  100  km/sec. 

Charged  particles  entering  a  6-in.-dia. surface  area  are  passed  through  a  series 
of  grids  set  at  potentials  which  reject 
electrons  and  low-energy  positive  par- 

ticles. The  voltage  on  one  grid  is  modu- 
lated at  potentials  between  5  and  3000 

volts.  The  number  of  charged  particles 
reaching  the  collector  is  detected  with 
an  electrometer  circuit. 

—Thermal  ion  and  electron  experi- 
ment. Experimenters — R.  E.  Bourdeau 

and  G.  P.  Serbu,  Goddard.  This  experi- 
ment measures  the  concentrations  and 

temperatures  of  thermal  electrons,  and 
the  concentrations,  masses,  and  tem- 

peratures of  thermal  ions.  One  sensor 
with  different  modes  of  operation  will 
be  used,  and  will  be  a  charged-particle 
trap  similar  to  those  flown  on  Explorer 
VIII. 

•  Magnetic  field  studies: 
—Magnetometer  experiment.  Exper- 

imenter— Dr.  Norman  Ness,  Goddard. 
A  Rb  magnetometer  will  measure  the 
total  vector  magnetic  field  independent 
of  orientation;  and  two  fluxgate  mag- 

netometers will  be  used  to  determine 
the  direction  of  fields  in  regions  where 
field  strength  is  less  than  30  gammas.  8 
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advanced  materials 

AAAE  Presses  Deposition  Development 

THE  FULL  POTENTIAL  of  vapor- 
deposited  microcircuitry  techniques  will 
not  be  realized  unless  the  circuit  de- 

signer and  the  fabricator  function  to- 
gether as  a  team  from  the  beginning, 

says  M.  A.  Karp,  president  of  Advanced 
Microelectronics  Co. 

In  these  techniques,  Karp  notes,  the 
main  problem  is  to  treat  such  circuits 
as  collections  of  components — where 
the  overall  function  of  the  circuit  should 
be  the  criterion. 

The  AME  executive  says  circuit  de- 
signers must  get  away  from  component 

tolerances  and  conceive  of  whole  circuit 
tolerances — an  admittedly  difficult  task. 
The  question  then  is  how  to  define  cir- 

cuit tolerances:  Karp  says  research  ef- 
forts along  this  line  should  be  under 

way  right  now. 
AME  was  organized  in  August, 

1961,  by  Karp,  who  was  formerly  a 
member  of  Dr.  W.  Liben's  microelec- 

tronics group  at  Johns  Hopkins  Applied 
Physics  Lab. 

The  firm  is  currently  marketing  a 
line  of  three  digital  modules  out  of  a 
projected  total  of  8  production  units — a 
dual  inverter,  a  multivibrator  and  a  thin 
film  flip-flop. 

But  the  main  interest  is  in  custom- 
designed  circuits  using  evaporation  dep- 

osition techniques. 
Film  deposition  is  carried  out  in  an 

18-in.  bell  jar  vacuum  unit  built  by 

NRC  Equipment  Corp.  A  "Lazy  Susan" mask  holder  is  used.  A  complete  circuit 
is  deposited  during  each  pull-down 
without  breaking  the  vacuum.  This  pre- 

vents the  formation  of  an  oxide  or  any 
other  coating  on  the  substrate  as  the 
films  are  being  built.  Most  of  the  tech- 

niques involved  are  proprietary. 
Masks  are  prepared  by  another  com- 

pany, but  AME  expects  to  have  this 
capability  eventually.  The  main  reason 
is  economics:  one-circuit  requests  are 
prohibitively  expensive — a  certain  num- 

ber of  a  particular  circuit  must  be  de- 
posited from  one  mask  to  bring  the 

mask  cost-per-unit  down  to  a  reason- 
able level. 

AME  experts  "breadboard"  their circuits  before  mask  preparation.  This 
affords  a  quick  design  check  on  the 
circuit  and  outlines  problem  areas. 

•  Epoxy  joining  —  The  one-inch- 
square  modules  are  bonded  to  connec- 

tors with  conductive  epoxies.  This 
method  of  joining  has  not  been  univer- 
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TOP  UNIT  is  breadboard  design  of  the 
AME  dual  inverter.  Lower  photo  shows  the 
production  deposited  circuit.  Breadboard 
units  are  masked  out  with  hand-cut  forms 
to  check  the  design. 

m 
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FAN-OUT  boards  mounted  in  this  chassis 
let  system  designer  use  the  same  micro- 
circuits  in  system  breadboarding  that  will 
go  into  the  finished  product. 

sally  accepted,  and  AME  had  initial 
problems  with  the  plastic.  It  was  dis- 

covered that  the  conducting  constituent 
was  not  evenly  distributed  through  the 
material — resulting  in  conductor-rich 
and  -poor  areas. 

The  epoxy  manufacturer  corrected 
this,  and  AME  has  had  no  trouble  since. 
The  resin  is  easy  to  mix  and  apply.  The 
adhesive  is  so  tough  the  connector  itself 
will  fail  before  the  bond. 

In  every  case,  the  unit  is  encased  in 
a  clear  silicone  envelope  (Dow  Corning 
Silgard)  before  potting.  This  prevents 
the  potting  compound  from  touching 
the  deposited  circuits — and  AME  can 
even  recover  circuits  after  potting. 

The  firm  has  thermal  compression 
bonding  equipment  and  would  like  to 
work  directly  with  transistor  chips  in 
building  their  circuits.  This  would  re- 

duce thickness  considerably.  An  alterna- 
tive route  would  be  to  bury  the  tran- 

sistor in  the  glass  subtrate;  this  is  under 
investigation. 

•  Ceramic  too  rough? — Glass  sub- 
strates are  used  by  AME,  but  ceramics 

have  been  studied  and  are  still  in  the 
picture.  The  chief  advantage  in  a  ce- 

ramic substrate  is  heat  dissipation.  But 
the  surface  roughness  characteristics  of 
the  material  is  a  drawback.  In  a  custom 
job,  AME  would  use  ceramic  substrates 
only  if  the  firm  designed  the  circuit. 
But  if  a  5%  resistance  has  to  be  held, 
glass  is  the  preferred  choice. 

The  firm  can  deposit  the  passive 
circuitry  required  in  the  100,000  ohm 
resistance  range  quite  conveniently. 
Higher  ranges  such  as  500,000  ohms  can 
be  handled,  but  less  easily.  The  same 
is  true  for  ranges  below  50  ohms.  The 
convenient  capacitor  range  is  1000 
micro-microfarads.  Less  convenient  are 
the  5000-  and  10-micro-microfarad 
levels.  AME  experts  feel  they  can  han- 

dle a  1 -microfarad  capacitor — but  not 
too  many  of  them. 

No  inductor  deposition  has  yet  been 
done.  Karp  says  when  they  reach  the 
10-  and  100-megacycle  ranges,  this  ca- 

pability will  be  added. 
The  vacuum  deposition  unit  is  lo- 

cated in  a  temperature-humidity-con- 
trolled room  with  ample  space  for  three 

similar  units.  The  firm  is  also  eyeing 

ultrasonic  welding  as  a  possible  follow- 
on  to  the  conductive  epoxy  joining 
method. 
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electronics 

Hybrid  Guidance  Developed  for  Space 

A  HYBRID  stellar-inertial  guidance 
system  is  being  proposed  for  use  in  mili- 

tary space  vehicles  assigned  support 
missions. 

The  system,  which  is  designed 
around  a  miniature  stellar-inertial  plat- 

form and  a  general-purpose  vehicle 
computer,  employs  a  minimum  number 
of  gimbals  to  isolate  the  star  tracker 
element.  It  uses  body-mounting  tech- 

niques to  strap  the  inertial  elements  di- 
rectly to  the  celestial  tracker. 

Project  engineers  at  the  Kearfott 
Division  of  General  Precision,  Inc.,  Lit- 

tle Falls,  N.J.,  developers  of  the  guid- 
ance package,  say  the  hybrid  body- 

mounted  technique  will  yield  greater 
accuracy  than  a  conventional  strapped- 
down  system,  while  also  employing  stel- 

lar monitoring  to  reset  the  inertial  navi- 
gational network.  Power  and  weight 

requirements,  they  add,  are  also  ex- 
pected to  be  lower  than  those  of  straight 

inertial  systems. 
Kearfott  engineers  feel  that  the  de- 

vice, with  its  inherent  attitude  reset  ca- 
pability, is  best  suited  for  cislunar  mis- 

HYBRID  STEL- 
LAR -  INERTIAL 

guidance  system, 
developed  by  the 
Kearfott  Div.  of 
General  Precision, 
Inc.,  employs  gim- 
balled  stellar  track- 

ing element  and 
strapped  -  down 
gyro  and  acceler- ometer  inertial 
components.  The 
system  is  currently 
being  proposed  to 
the  military  for  use 
aboard  spacecraft 
assigned  extended 
cislunar  space  lo- 

gistics missions. 

sions  of  extended  duration  calling  for  viding  boost-phase   guidance,  attitude 
operation    independent    of    extensive  and  velocity  reference  for  rendezvous, 
ground  tracking  and  navigation  stations,  and  re-entry  guidance  to  a  specific  land- 

The  system  is  called  capable  of  pro-  ing  area.  tt 

New  MIT  Cooler 

Air  Products  Device 

Allows  Remote  Operation 

A  NEW  closed-cycle  helium-cooled 
cryogenic  refrigerator,  designed  for  both 
field  and  laboratory  use,  is  now  in  serv- 

ice at  the  Lincoln  Laboratory  of  Massa- 
chusetts Institute  of  Technology. 

The  device  will  be  used  primarily 
for  maser  cooling  operations.  However, 
it  is  also  reported  to  be  adaptable  for 
cooling  superconducting  magnets  and 
cryogenic  computer  elements  which  re- 

quire liquid-helium  temperature  controls. 
Developed  and  built  by  Air  Prod- 

ucts and  Chemicals,  Inc.,  of  Allentown, 
Pa.,  the  unit  employs  a  multi-fluid 
(helium,  hydrogen,  and  nitrogen)  cas- 

cade cycle  to  provide  cryogenic  refriger- 
ation of  %  watt  at  — 452°F  (4.4°K). 

The  fluids  used  in  the  new  system  are 
cooled  to  their  liquefaction  tempera- 

tures by  the  Joule-Thomson  effect  (ex- 
pansion from  high  to  low  pressure). 

According  to  the  developers,  the 
system  has  been  engineered  to  allow 
remote  operation  and  flexibility  in  the 
physical  arrangement  of  the  cryostat 
and  compressor  components,  and  has 

also  been  designed  for  trailer  transport 
for  field  use. 

Closed-cycle  systems  of  this  type  are 
considered  essential  utilization  in  the 
field.  In  most  cases  it  is  difficult  and 
impractical  to  replenish  liquid  helium 
which  evaporates  from  open  cooling 

system. The  refrigerator  employs  modified 
non-contaminating  metal-diaphragm 
compressors,  coiled-fin  heat  exchangers, 
and  a  simple  cryostat  design.  It  is  re- 

ported capable  of  extended  unattended 
operation.  t* 

TEMPERATURE  of  maser  cooling  chamber  in  cryostat  (at  left)  is  kept  at  4.4° K  by 
helium  atmosphere  in  new  MIT  closed-cycle  refrigeration  unit.  Compressor  package  is 
shown  in  center,  with  water-cooling  unit  in  right  rear. 
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French  Touting  MATRA  530,  AS-30 

m  a 

MATRA'S  new  530  air-to-air  solid  missiles  going  through  assem- 
bly line.  French  call  it  "infinitely  superior"  to  Sidewinder. 

VAUTOUR  fighter  carries  MATRA  530.  Its  infrared  and  electro- 
magnetic homing  has  scored  80%  kills  "in  worst  conditions." 

FRENCH  SOURCES  in  Paris  re- 
vealed last  week  that  several  first-gener- 

ation missile  programs  have  been  phased 
out,  new  ones  have  been  committed  to 
production,  and  several  R&D  programs 
will  enjoy  increased  funding  support. 

Since  missile  activities  were  cen- 
tralized under  a  Ministry  for  Arma- 

ments, headed  by  General  Lavaud,  the 
French  have  come  up  with  a  low-cost 
antitank  weapon  and  a  serious  competi- 

tor to  America's  air-to-air  Sidewinder. 
While  military  R&D  on  bigger  solid- 

fuel  motors  is  closely  allied  to  France's 
space  plans  (M/R,  March  12,  p.  35), 
the  total  effort  will  continue  to  have  a 
high  priority — and  there  will  be  con- 

centration on  new-generation  smaller 
missiles,  which  the  French  expect  to  con- 

tinue successfully  exporting  to  NATO. 
•  Potent  Entac — The  newest  anti- 

tank missile,  Entac,  costs  only  $600  per 
unit,  it  was  learned,  and  its  effective 
6500-ft.  range  may  mean  that  massive 
tanks  will  no  longer  spearhead  blitz- 
kriegs. 

Some  10,000  Entacs  have  been 
turned  out  by  Atelier  de  Construction 
de  Puteaux  for  DEFA  (French  Army 
R&D  agency)  and  the  French  say  two 
tests  series  have  been  conducted  in  the 
U.S.  Entac  replaces  the  earlier  Nord 
SS-10,  but  not  the  longer-range,  heavier- 
payload  Nord  SS-11. 

Nord's  AS-12  will  be  used  on  anti- 
armour  and  surface-target  missions  of 

the  Navy's  Alize  and  Brequet  Atlantic 
aircraft  and  by  fast  escort  warships  as  a 
defense  against  torpedo  boats. 

Range  of  the  air-launched  AS-12  is 
about  30,000  ft.;  ship-launched,  the 
weapon  is  effective  at  about  20,000  ft. 
All-up  weight  is  160  lbs. 

•  Air-launch  entries — Two  new  air- 
launched  missiles  emerged  from  target 
tests  with  high  honors.  One  is  the 
highly  regarded  AS-30,  whose  total  war- 

head weight  is  half  its  overall  1100  lbs. 
The  design  can  accommodate  either 

a  500-lb.  military  conventional  payload 
or  a  nuclear  capability.  Three  types  of 
guidance  are  mentioned  for  the  air- 

borne system — radio  command,  all-iner- 
tial  with  preset  trajectory,  or  a  new  opti- 

cal reference,  partially  inertial  system. 

"Infinitely  superior  to  Sidewinder" (which  the  French  have  been  using)  is 
the  French  comment  on  the  MATRA 
530 — a  375-lb.  air-to-air  solid  missile 
which  can  home  its  65-lb.  warhead  into 
or  against  an  enemy  aircraft  over  three 
miles  away. 

Replacing  its  predecessor  the  511, 
MATRA's  new  530  has  proven  its  infra- 

red and  electromagnetic  homing  in 
numerous  test  series  and,  the  French 

report,  "under  the  worst  firing  condi- 
tions it  will  score  8  kills  out  of  10  tries." 

It  appears  that  if  the  530's  perform- 
ance is  adjudged  elsewhere  with  any- 
thing approaching  French  optimism, 

some  NATO  members  may  decide  to 

take  a  hard  look  at  current  plans  to  use 
Sidewinders  coming  off  NATO  produc- 

tion lines  in  Europe. 

•  Other  weapons — In  another  area, 
the  AS-20  appears  to  have  been  phased 
out  without  ever  attaining  full  produc- 

tion— although  a  few  units  of  the  270- 
1b.  missile  have  seen  service  on  French 
naval  aircraft.  It  was  limited  by  its 
6.5-mile  range  and  its  tele-radio  type 
guidance,  which  prevailed  in  many  early 
French  missile  designs. 

The  Raytheon  Hawk,  a  NATO  pro- 
duction item  in  France  and  in  other 

European  countries,  is  destined  for  anti- 
aircraft deployment  around  several  vital 

French  centers.  Each  battery  will  con- 
sist of  18  missiles,  three  to  a  mobile ramp. 

Warships  up  to  frigate  size  will 
carry  the  surface-to-air  Masurca.  Its 
effectiveness  against  Mach  2  aircraft 
between  60  and  90,000  ft.  is  compared 
to  that  of  Tartar. 

A  special  multiple-load  cylinder  per- 
mits 20  3500-lb.  Masurcas  to  be  ade- 

quately placed  for  effective  loading  and 
handling  aboard  ship.  Target  illumina- 

tion and  homing  techniques  have  been 
added  to  its  alignment/feed-in  data design. 

Monica  is  being  used  as  a  Naval 
training  missile,  and  Parco  for  Army 
training.  However,  the  French  say  that 
fabrication  of  the  Monica  and  the  Parca 
has  been  abandoned.  8 
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The  Industry  Week 

Semiconductor  Prices  Stabilizing 

A  two-year  sharp  decline  in  semiconductor 
prices  is  showing  signs  of  leveling  off.  Raytheon's 
Stuart  D.  Cowan,  VP-Commercial  Marketing,  told 
a  California  audience  that  the  chaotic  condition  in 
the  transistor  and  diode  business  may  have  hit  its 
low  last  year  when  the  price  of  a  single  transistor 
type  fell  40%  within  a  few  hours.  He  cited  the  rea- 

sons for  the  "price  debacle"  as:  (1)  Many  manu- 
facturers didn't  know  actual  costs;  some  still  don't; 

(2)  Pricing  decisions  were  delegated  to  junior 
levels  when  they  should  have  been  a  function  of  top 
management;  (3)  Venture  capital  companies  sup- 

plied funds  on  the  flimsiest  plans  of  well-meaning 
technical  people  who  frequently  lacked  the  requisite 
management  background  and  (4)  Some  early  pric- 

ing had  been  unrealistic  and  gave  certain  suppliers 
a  false  impression  of  margin  leverage.  "There  are 
signs  that  the  seemingly  endless  flow  of  risk  capital 
is  at  last  drying  up,"  he  said.  A  Wall  Street  Journal 
survey  indicated  semiconductor  price  stabilization 
was  becoming  widespread  throughout  the  industry. 
Sylvania  Electric  Products  said  it  has  raised  some 
prices  this  year  and  an  official  of  Motorola  Semi- 

conductor Products,  Inc.  said  "There  has  been  a 
stabilization  of  prices.  .  .  .  The  market  is  much 
healthier  than  it  was  a  year  ago." 

New  Names  in  The  Industry 

Twin  Industries  Corp.  is  the  new  name  for  Twin 
Coach  Co.  The  change  was  made  to  better  reflect 
company  activities,  which  include  GSE  for  missile 
programs.  .  .  .  Geo  Space  Electronics  Co.  was  formed 
in  Houston  to  do  research,  development  and  manu- 

facturing of  electro-mechanical  and  low  frequency 
instrumentation  in  the  geophysical  sciences.  Presi- 

dent is  Louis  B.  McManis.  The  company  icill  also  do 
work  in  sonar,  ASW,  telemetering  and  general  low- 
frequency  instrumentation.  .  .  .  Scientific  Analysis 
Corp.  was  formed  in  Concord,  Mass.,  to  provide 
advanced  planning  and  systems  analysis  and  evalua- 

tion— primarily  communications,  information,  sur- 
veillance, and  command  and  control. 

New  Industry  Facilities 

Burroughs  Corp.  is  building  a  $500,000  experi- 
mental facility  at  Colorado  Springs,  Colo.,  to  be 

operated  for  the  USAF  425L  System  Program  Office 
of  the  Electronic  System  Division.  First  floor  of  the 
50,000-sq.-ft.  plant  will  be  devoted  to  a  test  facility 
for  engineering  evaluation  and  training  of  person- 

nel. The  second  floor  will  house  administrative  and 
engineering  offices.  .  .  .  Chicago  Bridge  and  Iron  Co. 
moved  into  its  new  executive  offices  near  Chicago. 
A  three-story  research  laboratory  wing  is  nearing 
completion.  .  .  .  Timely  Technical  Products,  Inc., 
will  build  a  new  manufacturing  plant  in  Montville, 
N.J.,  designed  to  the  technical  requirements  for 
processing  of  fluorocarbon  products  and  other 
plastics.  Occupancy  is  scheduled  for  the  first  of 
November.  .  .  .  Thompson  Ramo  Wooldridge  Inc., 
RW  Div.,  was  awarded  a  $450,000  DOD  contract  to 

assist  in  design  of  an  advanced  computer-supported 
damage  assessment  center.  It  will,  in  peacetime, 
analyze  hazards  and  vulnerabilities  of  worldwide 
military  forces  and  economic  resources  and,  under 
wartime  conditions,  assess  and  report  to  DOD  the 
damage  to  these  forces  and  resources.  .  .  .  Electronic 
Specialty  Company  fabricated  a  large  support 
structure  for  parabolic  reflectors  of  a  space  simu- 

lator being  built  for  JPL.  When  completed,  it  will 
duplicate  solar  illumination  in  a  near-vacuum  at- 

mosphere and  will  be  used  for  testing  spacecraft 
models  over  a  150-mile  altitude.  .  .  .  Electronic 
Engineering  Co.  of  California  will  open  a  Computer 
Tape  Conversion  Center  in  Santa  Ana,  Calif.  The 
center  will  have  the  initial  facility  for  translation 
of  10  punched  paper  tape  languages  into  magnetic 
tape  adaptable  to  IBM,  Burroughs,  RCA,  and  Rem- 

ington Rand  computers.  .  .  .  Consolidated  Systems 
Corp.  will  move  all  company  operations  to  Pomona, 
Calif.  A  150,000-sq.-ft.  facility  will  be  built  to  com- 

pany specifications  in  the  Pomona  Valley  Colleges 
Research  and  Development  Center.  .  .  .  Utrad  Corp., 
division  of  Litton  Industries  completed  new  produc- 

tion facilities  at  Huntington,  Ind.,  for  increased 
manufacturing  space  for  precision  transformers, 
electro  magnets  and  deflection  components.  .  .  . 
Nuclear  Research  Associates  moved  its  manufactur- 

ing, research,  development  and  office  facilities  to 
larger  quarters  in  Long  Island  City,  New  York. 

International  News  Briefs 

Contraves  of  Switzerland,  an  Oerlichon  subsidi- 
ary, and  California  Computer  Products  have  been 

informally  discussing  possible  mutual  marketing 
arrangements.  Contraves  would  sell  CalComp  digital 
equipment  in  Europe,  and  CalComp  would  handle 
Contraves  systems  in  the  U.S. 

News  of  Mergers  and  Acquisitions 

The  Ex-Cell-0  Corp.  has  purchased  Willey's  Car- 
bide Tool  Co.,  Detroit,  which  will  become  part  of 

Ex-Cell-O's  Industrial  Gear  and  Tool  Products 
Group.  The  acquisition  will  complement  the  parent 
company's  expendable  tool  line.  .  .  .  Aircraft  and 
Missile  Consultants  acquired  Aircraft  &  Missile- 
Films  to  produce  training  films,  progress  reports, 
documentaries  and  technical  sales  films  for  military, 
industrial  and  commercial  use.  .  .  .  Servo-Tek 
Products  Co.,  Inc.,  acquired  Aerosonic  Electric,  Inc., 
Clearwater,  Fla.  Aerosonic  products  will  be  manu- 

factured by  a  new  organization,  Servo-Tek  Marine, 
Inc.  in  a  10,000-sq.-ft.  plant  nearing  completion  at 
Clearwater.  .  .  .  Systron-Donner  Corp.  acquired  85% 
of  the  outstanding  stock  of  Electromagnetics,  Inc., 
Los  Angeles,  producer  of  magnetic  heads,  magnetic 
storage  discs  and  similar  devices  for  digital  com- 

puters and  data  handling  instrumentation.  The 
acquisition  was  made  to  widen  S-D*s  product  line. .  .  .  Microwave  Communications  and  Facilities,  Inc., 
Dallas,  will  merge  with  Recreation  Enterprises,  Inc., 
Kansas  City,  Mo.,  and  operate  under  the  corporate 
name  of  Micom  Inc.  Merger  will  permit  expansion 
of  Microwave  sales,  a  company  spokesman  said. 
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For  Apollo  project  .  .  . 

NASA  To  Add  About  15  Astronauts 

NASA's  Project  Apollo  program  will 
ultimately  require  a  total  of  about  20 
astronauts  for  its  manned  flights  to  the 
moon. 

The  total  scope  of  the  space  agency's astronaut  program  was  disclosed  by 

NASA  officials  as  they  announced  that 
between  five  and  ten  new  astronauts 
would  be  chosen  late  this  year  to  join 
the  current  seven  Project  Mercury  astro- 

nauts. Another  group  will  be  selected 
in  the  1964-65  period. 

Selection  of  the  new  group  will  be 
limited  to  experienced  jet  test  pilots  with 
engineering  and  scientific  training.  Civil- 

ian, as  well  as  military  pilots,  will  be 
considered,  NASA  said. 

The  new  group  will  participate  in 
support  operations  in  Project  Mercury 
and  will  join  the  present  astronauts  in 
piloting  the  two-man  Gemini  spacecraft. 

After  the  Gemini  program  is  com- 
pleted, the  space  agency  said,  some  of 

the  pilots  may  act  as  spacecraft  com- 
manders on  Apollo  missions. 

•  Process — Here  is  the  timetable 
for  selections: 

—Applications  from  any  individual 
meeting  the  qualifications  will  be  ac- 

cepted by  the  Director  of  the  Manned 
Spacecraft  Center,  Houston,  Tex.,  until 
June  I,  1962.  The  aircraft  industry, 
military  services,  and  other  government 
agencies  will  be  requested  to  recom- 

mend pilots  best  qualified  for  this  work. 
—In  July,  pilots  meeting  the  qualifi- 

cations will  be  interviewed  and  given 
written  examinations  on  their  engineer- 

ing and  scientific  knowledge. 
—After  that  screening,  selected  ap- 

plicants will  be  given  a  thorough  physi- 
cal examination  by  a  group  of  medical 

specialists. 
—Final  selection  will  be  made  in 

the  fall  of  1962. 

•  Prerequisites- — Five  qualifications 
have  been  established  for  the  applicants. 

1 .  The  candidate  must  be  an  experi- 
enced jet  test  pilot  and  preferably  be 

engaged  in  flying  high-performance  air- craft. 

2.  He  must  have  attained  experi- 
mental flight  test  status  through  the 

military  services,  the  aircraft  industry, 
or  NASA — or  must  have  graduated 
from  a  military  test  pilot  school. 

3.  He  must  have  earned  a  degree 
in  the  physical  or  biological  sciences  or 
in  engineering. 

4.  He  must  be  a  United  States  citi- 
zen, under  35  years  of  age  at  the  time 

of  selection  and  six  feet  or  less  in  height. 
5.  He  must  be  recommended  by  his 

present  organization. 
The  training  program  of  the  new 

astronauts  will  include  work  with  design 
and  development  engineers,  simulator 
flying,  centrifuge  training,  additional 
scientific  training  and  flights  in  high- 
performance  aircraft.  8 

Opportunity  for  individual  recognition  and  rapid 

growth  for  aerophysics  engineers  to  work  in 

the  area  of  missile  design  with  Raytheon's  Missile 
&  Space  Division  located  in  suburban  Boston 

AEROPHYSICS 

ENGINEERS 

HEAT  TRANSFER:  Engineers  or  scientists  experienced  in 
aero  heating  analysis  of  super  sonic  and  hypersonic  vehicles, 
and  analysis  of  space  vehicles. 

SPACE  TECHNOLOGY:  aero-space  engineers  or  physicists 
to  investigate  and  develop  techniques  for  the  solution  of  space 
vehicle  motion  and  powered  trajectories.  To  establish 
mission  criteria  and  analyze  overall  mission  requirements. 

AERODYNAMICS:  experienced  engineer  to  perform 
aerodynamics  analysis  of  missile  configurations  to  determine 
performance,  stability  and  air  loads. 

If  interested  and  qualified,  please  forward  your 
resume  to  Mr.  William  O'Melia,  Bedford  R&D  Center, 
Raytheon  Company,  Bedford,  Massachusetts. 

RAYTHEON  COMPANY 
RAYTHEON 

MISSILE  &  SPACE  DIVISION 

An  Equal  Opportunity  Employer 
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products  and  processes 

New  Product  of  the  Week: 

Axis-Independent  X-Y  Plotter 

THE  MODEL  HR-97  X-Y  plotter 
is  available  from  Houston  Instrument 
Corp.  Housed  in  a  bench  case,  it  has 
vacuum  paper  hold-down.  Zener  refer- 

ences, 15  in./sec.  pen  speed  both  axes, 
and  over  600  in./sec.2  acceleration. 
Each  axis  is  independent  of  the  other, 
with  amplifiers  that  are  interchangeable 
and  contain  independent  power  sup- 

plies. Maximum  sensitivity  of  1  mv/in. 
can  be  readjusted  with  a  continuously 

Impedance  Bridge 

A  universal  impedance  bridge  with 
in-line  readout  and  a  nominal  accuracy 
of  0.1%  has  been  developed  by  the 
General  Radio  Co. 

Known  as  the  Type  1608-A,  the 
instrument  can  measure  R,  C,  L-  and 
G,  quantities  being  indicated  directly 
on  an  in-line  readout  scale  with  auto- 

matic decimal-point  location  and  au- 
tomatic indication  of  units.  D  and  Q 

information  can  be  read  directly  on  a 
dial. 

variable  attenuator  for  exact  and  known 
full-scale  calibration.  Combination  of  a 
new  type  of  snap-in  pen  that  uses  re- 

placeable ink  cartridges  and  a  high- 
speed electric  pen  lifter  allows  point 

plotting  up  to  20  points/ sec. 
A  built-in  time  base  is  an  optional 

feature.  Sweep  rates  of  1.5  sec.  to  15 
minutes  full-scale  can  be  directly  set 
with  a  continuously  variable  control. 

Circle  No.  225  on  Subscriber  Service  Card 

A  1-kc  transistor  RC  oscillator 
serves  as  the  internal  ac  source.  A 
transistor  amplifier  with  a  twin-T  RC 
filter,  for  selectivity,  is  used  as  an  in- 

ternal ac  detector.  Self-contained,  the 
bridge  measures  19-in.  x  13-in.  x  11-in. overall. 

Circle  No.  226  on  Subscriber  Service  Card 

Signal  Tracer 

A  pen-size  signal  tracer  that  locates 
hum,  oscillations,  ground  loop,  printed 
circuit  breaks,  and  other  common  de- 

fects, has  been  introduced  by  Don 
Bosco  Electronics,  Inc.,  subsidiary  of 
Howell  Electric  Motors  Co.,  Inc.  It 
detects  and  demodulates  any  low-level, 
microwatt  audio  or  modulated  radio 
frequency  signal,  and  then  amplifies  it 
1000  times  in  a  button  earphone.  The 
signal  may  also  be  observed  on  a  scope, 
using  an  optional  plug-in  scope  adaptor. 
It  is  useful  for  running  continuity  tests 
on  capacitors,  transistors,  and  other 
components. 

Circle  No.  227  on  Subscriber  Service  Card 

Function  Monitor 

Electronic  Control  Products,  Div.  of 
Electronic  Fabrication  Laboratories,  has 
announced  production  of  the  Sentinel 
Function  Monitor  for  control  of  proc- 

essing and  flow  activities  in  a  wide 
range  of  industries.  The  unit  monitors 
such  functions  as  heat  limits,  pressure 
limits,  flow  limits,  and  peak  load,  and 
scans  through  as  many  as  one  thousand 
function  states  in  slightly  more  than  one 
second.  Any  function  in  excess  of  the 
pre-set  limit  triggers  an  audible  alarm. 
The  malfunction  is  indicated  on  the 
control  panel,  and  a  panel  clock  stops 
at  the  exact  time  of  the  alarm. 

Circle  No.  228  on  Subscriber  Service  Card 

Long-Length  Data  Storage 
Deltime,  Inc.,  announces  a  new, 

long-length  delay  line  of  the  magneto- 
strictive  design,  suitable  for  data  storage 
functions  in  computer  systems  at  in- 

creased frequencies.  The  line  provides 
a  5-millisecond  delay  with  a  pulse  repe- 

tition rate  of  1  MC/S  with  a  return-to- 
zero  operation.  Measuring  only  11  in.  x 
12%  in.  x  Vi  in.  thick,  it  operates  on 
an  input  voltage  of  16  volts  at  80  ma 

maximum.  Input  pulse  width  at  the 
10%  point  is  .4  to  .5  usee,  maximum. 
Signal-to-noise  ratio  is  10:1  minimum 
for  a  single  pulse.  Output  voltage  is  7 
mv  minimum.  Temperature  coefficient 

of  delay  is  5  PPM/°C  from  0°  to 
50°C,  and  it  is  sealed  against  ambient 
humidity  and  stray  magnetic  fields. 

Circle  No.  229  on  Subscriber  Service  Card 

Vacuum  Tweezer 

Ultrasonic  Laboratories,  Inc.,  has 
added  to  its  line  a  tweezer  designed  for 
split-second  pickup  of  minute  compo- 

nent parts  for  assembly,  without  damage 
to  critical  surfaces. 

Two  advantages  of  this  method  are 
speed  in  handling  and  elimination  of 
defects  caused  by  scratching,  marring 
or  pinching.  Shaped  like  a  pencil  and 
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provided  with  finger-tip  control,  it  uses 
as  its  source  of  energy  a  U.L. -approved 
portable  vacuum  generator  operating  on 
110  volts  a-c. 

Circle  No.  230  on  Subscriber  Service  Card 

Noninductive  Capacitor 

Electron  Products,  division  of  Mar- 
shall Industries,  announces  a  high- 

voltage  noninductive  capacitor,  avail- 
able in  an  encapsulated  rectangular 

package,  which  meets  the  humidity, 
temperature  and  immersion  cycling  of 
MIL-27287  (USAF)  per  MIL-STD- 
202B,  Methods  102A,  103 A.  Designed 
for  use  in  temperature  range  of  —55° 
C.  to  +125°C,  it  extends  foil  construc- 
tion. 

Size  reduction  has  been  accom- 
plished by  elimination  of  the  metallic 

case  and  large,  bulky  stand-off  termi- 
nals. It  is  available  from  2000  VDC 

to  30,000  VDC  ratings  in  capacity 
values  from  .001  mfd  to  .20  mfd. 

Circle  No.  231  on  Subscriber  Service  Card 

Miniature  Air  Dryer 
An  automatic  miniature  air  dryer 

capable  of  producing  up  to  10  SCFM 
of  dry  air  is  available  from  Applied 
Pneumatics,  Inc.  The  small,  lightweight 
unit  eliminates  the  need  for  in-line  fil- 

ters, strainers,  and  water  separators,  and 
will  operate  indefinitely  without  main- 
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tenance,  service  or  parts  replacement. 
It  has  a  built-in  pre-filter  and  auto- 

matic dump,  provides  dew  points  to 
— 90  °F,  and  is  suitable  for  use  with  Vs, 
V4,  and  %  N  P  T  pipe.  The  dryer  is 
useful  for  instrument  air  drying,  labora- 

tory and  scientific  work,  or  gas  sampling. 
Circle  No.  232  on  Subscriber  Service  Card 

Power  Supply 

A  dc  power  supply  capable  of  re- 
mote programing,  remote  sensing  and 

output  current  limiting  is  available  from 
Hewlett-Packard  Co. 

The  solid-state  power  supply,  Model 
726AR,  provides  a  full  2-amp  current 
capacity,  and  a  regulated  output  of  0 
to  45  volts.  The  output  voltage  changes 
less  than  2.5  mv  for  10%  line  voltage 
variation,  and  less  than  5  mv  when  the 
output  current  changes  anywhere  from 
0  to  2  amps. 

Circle  No.  233  on  Subscriber  Service  Card 

Potentiometers 

Handley  Trimmer  Potentiometers  is 
marketing  3/8-in. -square  trimmers  in 
a  wide  range  of  values.  Featuring  a 
one-piece  anodized  aluminum  case,  they 
have  a  power  rating  of  1  watt  at  50°C, 

dereated  to  0  watts  at  150°C.  Avail- able models  meet  all  the  electrical  and 
environmental  specifications  for  Mil- 
Std  202-A,  Mil-Std  5272  and  MIL-R- 
27208.  Standard  resistance  values  range 
from  50  ohms  to  20K  ohms.  Turns 
ratio  is  25:1,  with  stops  and  slipclutch 

optional. Circle  No.  234  on  Subscriber  Service  Card 

WWV  Preamplifier 

Aerospace  Research,  Inc.  announces 
the  development  of  the  PA- 1020 
Preamplifier,  designed  for  mounting  at 
the  antenna,  and  for  optimum  recep- 

tion of  WWV  standard  timing  signals. 
The  unit  is  encased  in  a  weatherproof 
3-in.  x  4-1/2  in.  x  5-in.  box,  and  pro- 

vides a  gain  of  40  db  at  5,  10,  15  and 
20  mcs  simultaneously.  It  is  sharply 
tuned,  and  exhibits  a  Q  of  100  at  each 
frequency  with  no  significant  spurious 
responses.  Imput  and  output  impe- 
dence  is  50  ohms;  circuitry  is  tran- 
sistorized. 

Circle  No.  235  on  Subscriber  Service  Card 

new  literature 

POWER  RESISTOR  DECADES  — 
Clarostate  Mfg.  Co.,  Inc.,  announces 
a  catalog  on  power  resistor  decades.  It 
is  the  first  published  information  on  the 
rack-mounted  version  of  the  well-known 
Clarostat  decade,  which  permits  the 
accurate  decading  of  resistance  under 
actual  heavy-load  conditions  in  test,  ex- 

perimental, or  component  circuitry. 
Copies  of  the  new  catalog  are  avail- 

able upon  request. 
Circle  No.  200  on  Subscriber  Service  Card 

METALLIC  SEAL  RINGS— A  bulle- 
tin on  high-performance  Metallic  Seal 

Rings  for  aerospace  applications  has 
been  released  by  the  Metal  Products  Div. 
of  Koppers  Company,  Inc.  The  brochure 
includes  information  on  specification 
and  selection,  as  well  as  performance 
data  and  mating  parts  requirements. 
There  are  tables  on  ring  materials  and 
recommended  usage. 

Circle  No.  201  on  Subscriber  Service  Card 

ELECTROMAGNETIC  CONTROLS 
— A  64-page  technical  catalog  provid- 

ing application  information,  construc- 
tion details,  operating  features,  related 

engineering  information  and  prices  on 
electromagnetic  controls  and  timing  de- 

vices, is  available  from  Zenith  Electric 
Co.  Equipment  is  illustrated  through- 

out. Wiring  diagrams  clearly  illustrate 
circuit  hookups,  and  dimensional  draw- 

ings and  tables  are  provided.  It  also 
includes  information  on  ground  detec- 

tors, remote  control  switches,  program 
clocks  and  special  timing  controls. 

Circle  No.  202  on  Subscriber  Service  Card 

MINIATURE  CABLE  —  A  14-page 
brochure  provides  complete  informa- 

tion on  the  recently  developed  1/8-in.- 
O.D.  5000-volt  cable.  Included  are  the 
ASTM  Standard  Specifications,  tests, 
tables  relating  to  this  type  PFTX- 
5000-20.  Engineers  requiring  a  minia- 

ture cable  with  high  corona  threshold, 
for  use  where  temperatures  range  from 
-80°  to  +200°C,  should  find  this  ref- 

erence helpful. 
Circle  No.  203  on  Subscriber  Service  Cord 

CIRCUIT  BOARD  RETAINERS  — 
Birtcher  technical  data  sheet,  4  pages, 
describes  new  PCB-Trainers  for  1/1 6- 
in.  and  3/32-in.  printed-circuit  boards 
that  will  hold  up  to  1/4  lb.  of  circuitry 
components  under  30-g  shock  in  mod- 

ules and  provides  an  excellent  ground 
and  thermal  path.  Data  includes  a  di- 

mensioned drawing  and  photograph  of 
the  retainer,  general  description,  certi- 

fied shock  and  vibration  test  results, 
sizes  available,  and  a  list  of  optional 
finishes. 

Circle  No.  204  on  Subscriber  Service  Card 
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names  in  the  news 

CROWLEY BALLINGER STONE SANDERS 

Theodore  W.  Knacke:  Joined  Northrop 
Corp — Ventura  Division,  as  chief  of  the 
technical  staff  for  the  paradynamics  sec- 

tion. He  will  work  on  design  and  develop- 
ment of  recovery  systems  for  space  ve- 

hicles, including  Project  Apollo  Earth 
landing  system. 

Dr.  H.  Gunther  Rudeuberg:  New  mem- 
ber of  Arthur  D.  Little,  Inc.'s  senior  staff, 

in  charge  of  development  of  new-genera- 
tion semiconductor  devices  and  related  re- 

search and  engineering  problems. 

Roger  VV.  Honebrink:  Joined  Giannini 
Controls  Corp.,  Duarte,  Calif.,  as  general 
manager  of  the  Systems  Division. 

William  P.  Munger:  Appointed  direc- 
tor of  Hydraulic  and  Electronic  Research 

of  the  American  Brake  Shoe  Co.,  New 
York,  N.Y. 

Charles  E.  Crowley:  Appointed  general 
manager  of  the  support  division  at  the  Mar- 

tin Co.'s  Middle  River,  Md.,  plant.  He was  formerly  industrial  relations  director 
at  the  plant. 

J.  R.  Ballinger:  Joined  Packard  Bell 
Computer  Corp.  as  manager  of  the  In- 

dustrial Systems  Dept.,  Anaheim,  Calif. 

Louis  J.  Metevier:  Promoted  to  assist- 
ant general  manager  of  Hallicrafter  Co.'s 

Aerospace  Division.  He  was  previously 
manager  of  the  company's  electronic  coun- termeasures  program. 

Robert  P.  Hardin:  New  public  relations 
manager  for  the  Northrop  Corp.'s  Ana- 

heim, Calif.,  facility.  He  was  formerly 
with  the  corporate  public  relations  depart- 

ment of  Hughes  Aircraft  Co. 

Leonard  C.  Wholey:  Appointed  man- 
ager of  marketing  for  General  Electric 

Co.'s  Rectifier  Components  Dept.,  Au- burn, N.Y. 

Elmer  J.  Stone:  Appointed  chief  coun- 
sel of  Douglas  Aircraft  Co.'s  Missile  and 

Space  Systems  Div.,  Santa  Monica,  Calif. 
Before  being  named  to  the  newly-created 
post,  he  was  assistant  general  counsel  for 
the  company.  Stone  is  past  chairman  of  the 
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Aerospace  Industries  Association  legal 
committee,  and  is  now  alternate  member 
of  the  AIA  procurement  and  finance 
committee. 

Donald  A.  Sutherland:  Appointed  presi- 
dent of  the  American-Standard  Controls 

Div.  of  the  American  Radiator  &  Standard 
Sanitary  Corp.,  New  York.  He  is  former 
president  of  the  United  Aircraft  Products 
Co.,  Dayton,  Ohio. 

Dr.  Nicholas  E.  Golovin:  Joined  the 
technical  staff  of  Dr.  Jerome  B.  Wiesner, 
Special  Assistant  to  the  President  for  Sci- 

ence and  Technology.  He  was  formerly 
technical  assistant  to  the  associate  admin- 

istrator of  NASA,  and  director  of  the 
NASA-DOD  Large  Launch  Vehicle  Plan- 

ning Group. 

Everett  A.  Prechel:  Appointed  director 
of  corporate  and  contracting  policies  for 
Hughes  Aircraft  Co.,  Culver  City,  Calif. 

C.  F.  Pizac:  Elected  a  corporate  vice 
president  of  Dynalectron  Corp.,  and  a  vice 
president  and  director  of  its  wholly-owned 
subsidiary,  Land-Air,  Inc. 

John  T.  Williams:  Named  director  of 
engineering.  The  Hallicrafters  Co.  He  will 
be  in  charge  of  active  and  passive  elec- 

tronic warfare,  digital  techniques,  antenna 
techniques  and  engineering  services  depart- 

ments. The  company  also  named  Bernard 
S.  Parmet  technical  director,  and  appointed 
the  following  engineering  managers — 
Joseph  Wexler  for  digital  techniques,  Rob- 

ert C.  Baltezore  for  passive  electronic  war- 
fare, Donald  Herling  for  antenna  systems 

techniques,  and  A.  R.  Erbe  for  engineering 
services. 

Vice  Adm.  Harry  Sanders,  Ret.:  Named 
executive  vice  president  of  Harbor  Boat 
Co.,  a  division  of  Chance  Vought  Corp. 
Sanders  is  a  member  of  Missiles  and 
Rockets  editorial  advisory  board. 

Edward  Gray:  Joined  Magnion,  Inc.  as 
manager  of  engineering  and  manufactur- 

ing. He  had  been  project  director  at  Avco- 
Everett  for  the  past  two  years. 

Willis  M.  Hawkins:  Appointed  vice 

president-engineering,  Lockheed  Aircraft 
Corp.  He  will  have  general  functional  and 

policy  responsibility  for  the  corporation's research  and  engineering  programs.  Haw- 
kins is  now  a  corporate  vice  president  and 

general  manager  of  the  Lockheed  Missiles 
and  Space  Company's  Space  Systems  Div. 

Frank  W.  Raymond:  Named  controller 
of  Litton  Systems,  Inc.'s  Data  Systems Div.,  Salt  Lake  plant,  Salt  Lake  City,  Utah. 

W.  Scott  McGilvray,  Jr.:  Appointed 
general  manager  of  Garrett  International. 
S.A.,  a  subsidiary  of  The  Garrett  Corp.  in 
Geneva,  Switzerland.  Previously  with  the 
Lockheed  Corp.,  McGilvray  replaces  Bryan 
Sanford  Clark.  He  will  be  responsible  for 
development  of  the  company's  interests  in Europe,  the  Middle  East  and  Africa. 

Dr.  Julien  Keilson:  Appointed  senior 
scientist  of  Sylvania  Electric  Products  Inc. 
He  has  been  with  the  company  since  1956. 

Meyer  Fisbbein:  Joined  Planning  Re- 
search Corp.,  Los  Angeles,  as  a  senior 

associate  in  the  systems  research  division. 

Dr.  George  S.  Ansell:  Appointed  to  the 
board  of  directors  of  Ilikon  Corp.  He  is  an 
assistant  professor  of  materials  engineer- 

ing at  Renssalaer  Polytech,  Troy,  N.Y. 

A.  C.  Andrews:  Elected  vice  president 
of  The  Potter  Co.,  Brookhaven,  Miss.  He 
is  responsible  for  manufacturing  opera- 

tions and  administrative  and  sales  func- 
tions at  two  company  plants. 

Donald  R.  Woolf:  Named  manager, 
advanced  planning,  of  the  Curtiss  Div., 
Curtiss-Wright  Corp.,  Cladwell,  N.J.  He 
joined  the  company  in  1945. 

Robert  N.  Hotchkiss:  Appointed  tech- 
nical director  of  the  Systems  Management 

and  Engineering  department  of  the  De- fense Products  Div.  of  Fairchild  Camera 
and  Instrument  Corp.  He  was  formerly 
manager  of  special  engineering  projects. 

James  N.  Ebright:  Named  assistant  sec- 
retary and  chief  counsel  of  Aerojet- 

General  Corp.  He  joined  the  company  as 
assistant  general  counsel  in  July,  1960. 
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contracts- 

AIR  FORCE 

$36,500,036 — Thiokol  Chemical  Corp.,  Wasatch 
Division,  Bristol,  Pa.,  for  continued  re- 

search and  development  of  the  first- 
stage  Minuteman  solld-propellant  engine 
through  flight  and  qualification  tests. 

$15,000,000 — General  Dynamics  Corp.,  San Diego,  Calif.,  for  an  Atlas  evaluation  and 
test  program  at  Vandenberg  ARB  (supple- mental contract) . 

$10,507,000 — Martin  Marietta  Corp.,  Denver, 
for  fabrication  of  Titan  II  operational missiles  and  for  Installation  and  checkout 
of  Titan  II  missiles  (two  supplemental 
contracts) . 

$6,997,000 — General  Dynamics  Corp.,  San 
Diego,  Calif.,  for  ground  support  equip- ment for  Atlas  missiles  and  for  work  on 
technical  publications  for  the  Atlas  sys- 

tem  (two  supplemental  contracts) . 
$6,929,838 — General  Motors  Corp.,  Milwaukee, 

for  spares  for  the  Titan  guidance  system 
(supplemental  contract) . 

$3,000,000 — Martin  Marietta  Corp.,  Denver,  for 
umbilical  Installation  and  testing  for  site 
activation  of  Titan  I  (letter  contract) . 

$3,000,000— Western  Electric  Co.,  New  York 
City,  for  fabrication  of  a  guidance  system 
for  Titan  missiles  (supplemental  con- tract) . 

$3,000,000— General  Electric  Co.,  Philadelphia, 
for  the  Titan  II  re-entry  vehicle  (supple- 

mental contract) . 
$2,395,300 — Martin  Marietta  Corp.,  Baltimore, for  kits,  spare  parts  and  related  data 

(supplemental  contract) . 
$2,250,000  —  Aerojet-General  Corp.,  Sacra- 

mento, Calif.,  for  stage  n  Minuteman 
solid-propellant  rocket  motors  and  related 
equipment   (supplemental  contract) . 

$2,141,542 — United  Technology  Corp.,  Sunny- vale, Calif.,  for  development  of  advanced 
components  for  large  segmented  solid- 
propellant  rocket  motors. 

$1,941,353 — Guidance  Technology,  Inc.,  Santa 
Monica,  Calif.,  for  gyroscopes,  spare  parts, 
ground  support  equipment  and  related materials. 

$1,660,000 — General  Electric  Co.,  Syracuse, 
N.T.,  for  a  classified  project  (supplemental 
contract). 

$1,500,000 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  for  pre-production  plan- 

ning work  on  the  Skybolt  missile  pro- 
gram (supplemental  contract). 

$1,400,000 — Melpar,  Inc.,  Falls  Church,  Va., for  production  of  nine  GAM  83  A/B 
trainers  (letter  contract) . 

$1,356,000— Martin  Marietta  Corp.,  Orlando, Pla.,  for  guidance  systems  for  the  Bullpup 
missile  (supplemental  contract) . 

$1,079,396— Goodyear  Aircraft  Corp.,  Akron, Ohio,  for  modification  kits,  spare  parts 
and  related  data  for  the  Mace  missile 
guidance  system  (supplemental  contract). 

$1,065,000 — Avco  Corp.,  Wilmington,  Mass., 
for  research  and  development  work  on nose  cones. 

$1,000,000— Chance  Vought  Corp.,  Inc.,  Dallas, 
for  advanced  technological  work  on  nu- 

clear ramjet  engines  (letter  contract). 
$333,190 — United  Technology  Corp.,  Sunny- 

vale, Calif.,  for  conducting  research  in 
nondestructive  testing  techniques  for  large 
solid-propellant  rocket  motors. 

$292,500 — Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  for  SSB  equipment  for  missiles. 

ARMY 

$2,300,000 — Reeves  Instrument  Corp.,  Garden City,  L.I.,  N.T.,  for  fabrication  of  Xmlll2 
fuzes  (supplemental  contract). 

$1,985,000 — Raytheon  Co.,  Lexington,  Mass., for  long  leadtlme  and  chassis  type  items, 
NATO-Hawk  program  (letter  contract) . 

$1,718,056 — Raytheon  Co.,  Lexington,  Mass., for  Hawk  field  maintenance. 

NAVY 

$5,647,554 — Sperry  Rand  Corp.,  Long  Island, 
N.T.,  for  computers  for  Tartar  carrier missiles. 

$2,519,700 — General  Electric  Co.,  Schenectady, 
N.Y.,  for  procurement  of  nuclear  reactor 
components  for  nuclear-powered  vessels. 

$1,236,897 — Sanders  Associates,  Nashua,  N.H., for  classified  electronics  equipment. 
$469,858— Elgin  National  Watch  Co.  and  Mul- 

len Electric  Co.,  Elgin,  Hi.,  for  construc- 
tion of  range  safety  and  photographic 

instrumentation  sites,  Naval  Missile  Facil- 
ity, Point  Arguello,  Calif. 

NASA 

$324,664 — Vector  Corp.,  New  Orleans,  for  de- sign modifications  to  facilities  at  the 
Michoud  Operation  space  vehicle  assem- 

bly plant. 
$239,891 — Research  Triangle  Institute,  Dur- 

ham, N.C.,  for  probabilistic  modeling  study 
for  astronautical  systems. 

$115,000 — General  Electric  Co.,  Valley  Forge, 
Pa.,  for  development  of  an  experimental 
unit  capable  of  continuously  reclaiming 
under  space  conditions  the  bulk  of  the 
oxygen  consumed  by  man. 

$97,676 — General  Dynamics  Corp.,  San  Diego, 
for  studies  pin-pointing  problems  of  nu- 

clear space  flight  to  the  moon  and  planets. 
Vitro  Electronics,  Silver  Spring,  Md.,  for  pro- 

viding the  worldwide  Mercury  tracking 
range  with  updated  capability  to  receive 
wide-band  PCM  telemetry  data.  No amount  disclosed. 

AIR  FORCE-ARMY-NAVY-ARPA 
6,500,000 — Massachusetts  Institute  of  Tech- 

nology, Lincoln  Laboratory,  Cambridge, 
Mass.,  for  research  on  re-entry  physics, 
acquisition  of  specialized  equipment  and 
research  on  range  measurements  (two 
joint   contracts) . 

INDUSTRY 

$2,500,000 — Thompson  Ramo  Wooldridge,  Inc., 
Dage  Div.,  Chicago,  from  General  Dy- 

namics Corp.,  for  production  of  closed- circuit  television  systems  in  equipping  19 
Atlas  missile  sites. 

$2,000,000 — Radio  Corporation  of  America, 
from  North  American  Aviation,  Inc.,  for 
development  and  production  of  thermo- electric modules  for  the  first  orbital  nu- 

clear reactor,  SNAP  10A. 
$800,000 — Fibercast  Co.,  Sand  Springs,  Okla., 

from  Actionflex  Co.,  for  manufacture  of 
over  100,000  battlefield  rocket  tubes  and 
indexing  rings. 

$500,000 — Ets-Hokln  and  Galvan,  Inc.,  San 
Francisco,  from  Boeing  Co.,  for  mainte- 

nance of  the  communications  cable  net- 
work servicing  the  Montana  Minuteman ICBM  wing. 

$200,000 — Airtec  Dynamics,  Inc.,  Compton, Calif.,  from  Martin  Marietta  Corp.,  for 
the  design  and  manufacture  of  portable 
liquid  air  vessels. 

Westinghouse  Electric  Corp.,  Baltimore,  from 
McDonnell  Aircraft  Corp.,  St.  Louis,  for 
ultra-light  weight  radar  equipment  to  be 
used  for  orbital  rendezvous  in  project 
Gemini.  Multi-million-dollar  development contract. 

s 

CAREER  APPOINTMENT 

PACE  & 

UPPER  ATMOSPHERE 

RESEARCH 

APL  seeks  mature  physicists,  mathe- 
maticians, astronomers  and geodesists 

to  conduct  upper  atmosphere  and 
space  research  in  connection  with  the 
Transit,  TRAAC,  and  geodetic  satel- 

lites. The  positions  require  men  with 
a  Ph.D.  or  M.S.  degree  and  con- 

siderable experience. 
The  assignments  are  broad  and  will 
include  (a)  analysis  of  orbits,  (b)  re- 

search in  geodesy  and  the  ionosphere 
using  data  from  satellites,  (c)  devel- 

opment of  satellite-borne  experiments 
for  research  relevant  to  the  satellite 

programs. 
Our  modern  facilities  are  located  in 
Howard  County,  Md.,  equidistant 
from  Washington  and  Baltimore.  The 
location  gives  you  a  convenient  choice 
of  city,  suburban  or  country  living. 
Direct  your  inquiry  to: 
Professional  Staff  Appointments 

The  Applied  Physics  Laboratory 

The  Johns  Hopkins  University 
8643  Georgia  Avenue Silver  Spring  Maryland 
(Suburb  of  Washington,  D.  C.) An  Equal  Opportunity  Employer 

•  Impellers 

•  Inducers 

•  Rotors 

Area  Code  607-AR  2-8500 1001  Hudson  Street  Ext.,  Ithaca,  New  York 
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DOD  Appropriations 
(Continued  from  page  14) 

dizing  DOD  research  since  their  indirect 
costs  exceed  this  figure.  The  limit  on 
college  overhead  costs  passed  after  two 
attempts  to  cut  it  from  the  bill  failed. 

The  bill  also  reduces  funding  for  the 
Army's  Advent  communications  satel- 

lite program  by  $5  million,  as  well  as 
denying  a  total  of  $6  million  for  non- 

profit corporation  contracts. 
•  By  services — A  breakdown  of  the 

appropriations  bill  included: 
— Army:   Procurement,  Equipment  & 

Missiles — $2.5  billion,  down  $55  mil- lion: 

Operations  &  Maintenance — $3.1 billion 
Research,  Development,  Test  & 
Evaluation:  $1.3  billion,  down 
$12  million  (mainly  reductions  in 
Advent  and  Human  Factors  re- search) 

— Navy:  Procurement:  aircraft  &  mis- 
siles—$3,007  billion,  down  $55  mil- 

lion: 
Operations  &  Maintenance — $2.6 
billion 
Shipbuilding  &  Conversion — $2.9 
billion,  down  $74  million 
Other  Procurement — $902  million 
Research,  Development,  Test  & 
Evaluation — $1.47  billion,  down 
$542,000 

— Air   Force:    Procurement  —  aircraft 
$3.5  billion,  up  $308  million;  missiles 
$2.5  billion,  down  $41  million: 

Operations  &  Maintenance — $4.1 billion 
Other  Procurement — $950  million 
Research,  Development,  Test  & 
Evaluation — $3.5  billion,  up  $42 
million. 

A  new  appropriation  account  for 
Defense  agencies  RDT&E  totals  $439 
million,  or  $12  million  less  than  the  re- 

quested funding.  Included  in  this  ac- 
count are  ARPA,  Defense  Communica- 
tions Agency  and  other  agencies  not 

directly  tied  to  one  of  the  services.  The 
DOD  emergency  fund  was  again  set  at 
$150  million.  « 

Profits  Hearings 

(Continued  from  page  14) 

by  the  20  largest  defense  contractors 
on  their  total  business. 

Relating  profits  to  investment  in 
government  work  for  the  period  1951 
to  1960,  Western  Electric's  profits,  after taxes,  were  about  13%  and  related  to 
a  net  worth  of  about  14%,  Smith  said. 

Smith  shied  away  from  a  question 
by  Sen.  McClellan  on  what  the  fee 
structure  on  the  Nike-Zeus  might  be. 

I  The  system  hasn't  been  ordered  into 

production,  he  noted,  and  therefore  he 
wouldn't  want  to  comment. 

•  Army  witnesses — The  committee 
also  heard  testimony  from  the  chief  of 
Army  Ordnance,  Lt.  Gen.  John  Hen- 
richs,  and  Paul  R.  Ignatius,  Assistant 
Secretary  of  the  Army  for  Logistics. 

Asserting  that  the  Army  would  use 
the  same  contractor  team  for  the  pro- 

duction of  the  Nike-Zeus  as  it  did  for 
the  other  two  Nike  systems,  Gen.  Hen- 
richs  defended  the  companies  and 
praised  them  for  "the  highest  level  of 
accomplishment"  in  fielding  Nike-Her- cules and  Nike-Ajax. 

The  Army  could  reduce  the  cost  of 
their  weapons,  Henrichs  said,  if  it  took 
"8  to  12  years"  to  develop  them.  How- 

ever, he  added,  this  would  result  in 
weapons  "suitable  for  the  Smithsonian 
Institution  and  not  for  war." 

In  earlier  testimony,  Army  Ord- 
nance officials  had  admitted  that  West- 

ern Electric  had  frustrated  their  efforts 
to  "break-out"  parts  of  the  Nike  system 
for  competitive  bidding. 

Paul  K.  Schaeppi,  a  civilian  em- 
ployee in  the  Army's  Industrial  Opera- tions Division  at  Redstone  Arsenal,  told 

the  committee  that  he  had  tried  to  get 
approval  for  direct  procurement  of  the 
Nike  launcher-loaders  from  the  manu- 

facturer, Consolidated  Western  Steel  Co. 
However,  he  said,  he  was  advised  that 
such  action  would  result  in  Western 

Electric's  denying  responsibility  for  the 
operation  of  the  launchers  in  the  system. 

Other  Army  officials  testified  that 
they  did  not  receive  the  specifications 
and  drawings  for  production  compo- 

nents until  procurement  was  almost 
completed.  Therefore,  breakouts  for 
parts  of  the  system  were  rare,  Army 
officials  said. 

•  Changes  impending  —  Although 
Sen.  McClellan  has  refused  to  speculate 
about  legislation  that  might  arise  from 
the  hearings,  it  is  obvious  that  some 
steps  will  be  taken  to  reduce  the  amount 
of  profit  on  subcontracted  work. 

A  likely  step,  and  one  suggested  by 
subcommittee  counsel  Jerome  S.  Alder- 

man as  a  possible  solution,  would  be 
a  maximum  management  fee  for  sub- 

contracted work.  This  fee  might  run  as 
high  as  13%  on  out-of-house  work. 

Another  possibility  is  a  change  in 
the  procurement  regulations  instructing 
contracting  officers  to  take  into  greater 
account  the  amount  of  work  to  be  sub- 

contracted in  determining  fees.  This  cri- 
terion, along  with  six  others,  is  already 

a  part  of  the  regulations,  but  may  be 
upgraded  as  a  result  of  the  hearings. 

These  and  other  suggestions  are 
presently  under  study  by  the  Depart- 

ment of  Defense.  Meanwhile,  the  com- 
mittee is  continuing  its  hearings  and 

expects  to  hear  Atlas  and  Bomarc  con- 
tractors after  the  Easter  recess.  8 
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when  and  where 

APRIL 

International  Symposium  on  Rocket  and 
Satellite  Meteorology,  sponsored  by 
World  Meteorological  Organization,  In- 

ternational Union  of  Geodesy  and  Geo- 
physics and  Committee  on  Space  Re- 
search, Department  of  Interior  Audi- 
torium, Washington,  D.C.,  April  23-25. 

American  Physical  Society,  American  Insti- 
tute of  Physics,  Sheraton-Park  Hotel, 

Washington,  D.C.,  April  23-26. 

Materials  Handling  Conference,  American 
Institute  of  Electrical  Engineers,  Pick- 
Carter  Hotel,  Cleveland,  April  24-25. 

Electromagnetic  Relay  Conference,  Okla- 
homa State  University,  Stillwater,  April 

24-  26. 

American  Institute  of  Electrical  Engineers, 
Great  Lakes  District  Meeting,  Hotel 
Van  Orman,  Fort  Wayne,  Ind.,  April 
25-  27. 

Western  Space  Age  Industries  and  Engi- 
neering Exposition  and  Conferences, 

Cow  Palace,  San  Francisco,  April  25-29. 
International  Symposium  on  the  Use  of 

Artificial  Satellites  for  Geodesy,  spon- 
sored by  International  Association  of 

Geodesy  and  Committee  on  Space  Re- 

search, U.S.  Naval  Observatory,  Wash- 
ington, D.C.,  April  26-28. 

American  Society  of  International  Law, 
"International  Aviation  Policy",  Fed- 

eral Room,  Statler  Hilton,  Washington, 
D.C.,  April  27. 

Design  Engineering  Conference,  Ideas  from 
Research  Laboratories,  McCormick 
Place,  Lakefront  Exposition  Center, 
Chicago,  April  30-May  3. 

Electrical  Engineering — Master  and  Serv- 
ant of  Technological  Progress,  Chase 

Hotel,  St.  Louis,  April  30-May  2. 
Third  International  Space  Science  Sympo- 

sium and  COSPAR  Plenary  Meeting, 
National  Academy  of  Sciences,  Wash- 

ington, D.C.,  April  30-May  9. 

MAY 

Society  of  Aerospace  Material  and  Process 
Engineers  Symposium,  Statler  Hotel,  St. 
Louis,  May  7-9. 

National  Conference  of  SPSE,  Hotel  Som- 
erset, Boston,  May  7-11. 

Second  National  Conference  on  Peaceful 
Uses  of  Space,  sponsored  by  NASA, 
Open  House,  Seattle  World's  Fair,  May 8-10. 

American  Institute  of  Electrical  Engineers, 
Statler  Hilton  Hotel,  Boston,  May  9-11. 

Previews  of  Progress,  Empire  Tri-Distrlct 
Meeting,  Lawrence  Hotel,  Erie,  Pa., 

May  14-16. 
Eighth  National  Aero-Space  Instrumenta- 

tion Symposium,  Marriott  Twin  Bridges 
Motor  Hotel,  Washington,  D.C.,  Mav 21-23. 

National  Telemetering  Conference,  Shera- 
ton-Park Hotel,  Washington,  D.C.,  May 23-25. 

American  Association  for  Contamination 
Control,  Jack  Tar  Hotel,  San  Francisco, 

May  28-30. 

JUNE 
Society  of  Automotive  Engineers,  Chal- 

fonte-Haddon  Hall,  Atlantic  City,  N.J., 
June  11-15. 

Principles  of  Nondestructive  Testing,  Sac- 
ramento State  College,  Sacramento, 

Calif.,  June  11-12. 
National  Society  of  Professional  Engineers, 

French  Lick  Sheraton  Hotel,  French 
Lick,  Ind.,  June  13-16. 
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editorial . . . 

The  Gleeful  Conspiracy 

ONE  OF  THE  most  nationally  significant  space 
developments  in  recent  months  has  received 

relatively  little  public  attention. 
Yet  even  in  its  embryonic  stage  it  holds  great 

promise  for  the  security  of  the  nation. 
We  are  referring,  not  to  a  new  weapon,  but  to 

the  growing  cooperation — both  in  spirit  and  deed — 
between  the  National  Aeronautics  and  Space  Ad- 

ministration and  the  U.S.  Air  Force. 
Frequent  discussions,  on  this  page  and  else- 

where, of  the  military  and  civilian  space  roles  as 
distinct  and  individual  programs  give  rise  to  a 
separatism  which  appears  greater  than  it  actually  is. 

Justification  for  these  discussions  is  the  fact  that 
while  a  major  civilian  space  program  exists,  a  major 
military  space  program  does  not.  These  states  of 
existence  and  non-existence  create  the  impression  of 
two  quite  different  entities,  if  we  may  be  permitted 
a  bit  of  Socratic  dialogue. 

As  an  adequate  military  space  program  emerges, 
we  predict  it  will  be  found  to  possess  much  in  com- 

mon with  the  civilian  program. 
Clear  thinkers  at  the  top  levels  of  both  the  Air 

Force  and  NASA  already  are  well  aware  of  this. 
They  also  are  aware  of  several  other  important 
facts. 

There  are  some  top  NASA  officials,  possessed  of 
a  vision  broader  than  the  confines  of  their  own 
agency,  who  are  acutely  aware  of  the  need  for  major 
manned  and  unmanned  military  space  programs. 
Their  knowledgeable  grasp  of  the  potentialities  of 
space  has  made  them  sharply  sensitive  to  this  need. 

These  men  are  equally  aware  that  military  space 
programs — particularly  for  manned  spacecraft — 
are  not  being  funded  at  a  sufficiently  high  level.  To 
bring  these  military  capabilities  to  fruition  at  the 
earliest  possible  moment,  they  are  aiding  and  abet- 

ting the  movement  to  bring  the  Air  Force,  to  a 
certain  degree,  under  NASA's  strong  financial  shelter in  the  Apollo  program. 

Here,  with  technologies  which  have  much  in 
common,  the  Air  Force  will  be  able  to  learn  and 
progress  by  participating  in  activities  funded  in  the 
NASA  budget. 

Equally  astute  Air  Force  officers  have  been  quick 
to  see  the  advantage  of  this  cooperation.  Military 
scientists  and  technicians  at  work  on  the  Satellite 
Inspector  program  will  find  much  to  discuss  with 
NASA  personnel  engaged  in  design  and  development 
of  the  Gemini  spacecraft.  This  is  but  one  area  of 
common  interest. 

Such  cooperation  will  be  of  great  benefit  to  the 
nation  because  it  will  enable  the  Air  Force  to  get  off 
the  mark  quickly  in  developing  its  space  capabilities. 
This  is  no  one-way  street.  The  military  service  has 

much  to  offer  to  NASA  in  facilities,  knowledge  and 

personnel. The  natural  trend  of  events  might  have  brought 
such  collaboration  into  being  eventually.  But  a  small 
and  active  group  of  Air  Force  and  NASA  leaders 
has  been  impatient  with  this  evolutionary  pace.  They 
have  been  force-feeding  the  cooperative  movement  in 
an  almost  gleeful  conspiracy. 

Out  of  this  movement  has  come,  as  one  major 
development,  the  establishment  of  an  office  for 
manned  space  flight  in  the  Air  Force  Systems 
Command. 

This  office,  under  a  deputy  AFSC  commander, 
works  in  liaison  with  the  manned  space  flight  office 
at  NASA.  It  was  set  up  with  the  announced  objective 
of  giving  the  Air  Force  a  larger  role  in  the  manned 
lunar  landing  program — not  as  a  manager,  but  as  a 
major  contributor. 

The  far-sighted  group  working  to  develop  and 
strengthen  NASA-Air  Force  cooperation  includes 
such  men  as  General  Bernard  Schriever.  AFSC  com- 

mander, and  Dr.  Robert  C.  Seamans  and  D.  Brainerd 
Holmes  of  NASA. 

The  spirit  growing  out  of  their  efforts  has  become 
an  almost  tangible  thing  in  recent  weeks. 

"Have  you  noticed  the  difference?"  asks  a  high 
NASA  official.  "A  positive  and  valuable  develop- 

ment in  the  national  space  program,"  comments  an Air  Force  officer. 

IT  WOULD  have  been  easy — would,  in  fact,  have 
■  required  only  inaction — to  have  allowed  the  two 
agencies  to  go  their  separate  ways  to  the  detriment 
of  the  national  space  program.  The  group  concerned 
has  made  a  positive  effort  to  prevent  this,  and  we 
hope  the  leadership  displayed  will  be  publicly  recog- nized. 

We  hope  also  it  will  be  noted  in  lower  levels  of 
both  organizations. 

This  is  not  to  suggest  that  everything  henceforth 
will  be  sweetness  and  light  between  NASA  and  the 
Air  Force.  Already,  there  are  areas  of  contention 
bordering  on  bitter  disagreement.  Cape  Canaveral 
shows  signs  of  being  one  such  trouble  spot. 

But  this  is  not  wholly  bad.  The  beginning  of  co- 
operation does  not  have  to  mean  the  end  of  competi- 

tion. In  fact,  NASA  Administrator  James  Webb  told 
us  shortly  after  taking  office  that  he  regarded  a  little 
healthy  competition  at  the  right  levels  as  a  good  thing. 

This  competition  will  no  doubt  continue.  It  will 
be  an  intelligent  kind  of  competition,  however, 
nourished  by  a  prevailing  climate  of  partnership.  For 
this,  everyone  concerned  with  our  space  accomplish- 

ments should  be  grateful. 

William  J.  Coughlin 
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Management  techniques:  PERT 

Minuteman  system  integration -by  Boeing  Aero -Space  Division 

From  electronics  to  the  latest  business  systems  and  tech- 
niques, Boeing's  Aero-Space  Division  employs  a  wide  range 

of  capabilities  as  Minuteman  weapon  system  integrator. 
The  Division  is  responsible  for  Minuteman  missile  as- 

sembly, test,  launch  control  and  ground  support.  Working 
with  the  Air  Force  Systems  Division,  Aero-Space  coordi- 

nates the  work  of  associated  contractors  and  exercises  sur- 
veillance over  base  construction.  It  also  assembles  at  base 

sites  the  final  weapon  system,  including  support  and  launch 

systems.  Prominent  among  the  latter  are  Boeing-designed 
and  built  electronic  systems. 

The  Division  has  more  than  4,000  employees  wholly 
engaged  in  electronics  engineering,  manufacturing  or  in  the 
support  of  these  activities. 

Minuteman  has  been  described  as  "an  economical  break- 
through" in  terms  of  procurement  and  maintenance  costs. 

This  Strategic  Air  Command  weapon  system  will  be  opera- 
tional late  this  year,  a  year  ahead  of  original  schedule. 

AERO-SPACE  DIVISION 



...IN  ROCKET  TECHNOLOGY,  THE  SECRET  IS  TO  DEVELOP  A  METHOD  OF OR  SECURING  TOGETHER  LARGE  FIBERGLASS 

CASING  SEGMENTS  TO  PRODUCE  HUGE  BOOSTERS  WITH  MULTI-MEGAPOUND  THRUSTS  THAT  CAN  BE  EASILY  TRANSPORTED  AND 
ASSEMBLED  IN  THE  FIELD.  UTC  HAS  DONE  THIS.  A  METAL  MECHANICAL  JOINT  PROVED  HIGHLY  SUCCESSFUL  IN  A  TEST-FIRING 
OF  THE  FIRST  SEGMENTED,  SOLID  PROPELLANT  ROCKET  MOTOR  EMPLOYING  A  FIBERGLASS  CASING.  THE  INHERENT  ADVANTAGES 

OF  EPOXY-BONDED  FIBERGLASS  CASINGS  FOR  LARGE  BOOSTERS  ARE  SIGNIFICANT:  □  LOW  PRODUCTION  COST  AND  REDUCED 
PRODUCTION  LEAD  TIME,  BECAUSE  DIFFICULT  METAL  CASING  FABRICATION  IS  NOT  REQUIRED.  □  LIGHT  WEIGHT,  ANOTHER 

IMPROVEMENT  OVER  METAL  CASINGS.  □  HIGH  STRENGTH-TO-WEIGHT  RATIO.  □  ON-SITE  ASSEMBLY  OF  FIBERGLASS  ROCKET 

MOTORS.  □  IMMEDIATE  DEVELOPMENT  OF  FIBERGLASS  CASING  SEGMENTS  FOR  ROCKET  MOTORS  120"  IN  DIAMETER  AND  LARGER. 
RELATED  UTC  CAPABILITIES  INCLUDE  FILAMENT-WOUND  ABLATIVE-COOLED  THRUST  CHAMBERS, 
ROCKET  MOTOR  CASINGS  IN  ALL  SIZES,  NOZZLES.  ANOTHER  ADVANCE  IN  THE  STATE-OF-THE-ART  BY  UTC. 

United  Technology  Corporation SUBSIDIARY  OF  UNITED  AIRCRAFT  CORPORATE 
A P.  O.  BOX  358.  SUNNYVALE.  CALIFORNIA 
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GENERAL  ELECTRIC  RTV  SILICONE  RUBBER 

KEEPS  THE 

PRESSURE  If  THE  X-15! 

Critical  pressurized  areas  of  the  X-15,  designed  and  built  by 
Ninth.  American  Aviation  through  a  joint  NASA-Air  Force- 
Navy  research  project,  are  sealed  with  General  Electric  RTV 
(room  temperature  vulcanizing)  silicone  rubber.  After  a  thor- 

ough, analysis  of  all  high  temperature  sealants,  RTV  was 
selected  to  seal  the  aft  bulkhead  behind  the  cockpit,  instrumen- 

tation compartment  and  shelving  near  the  ship's  mid-section. 

RTV  adhesive  seals  heating  blanket  for  helium  pressure  regu- 
lator. RTV  rubber  forms  tenacious  bonds  to  most  materials  pro- 
vided surfaces  are  properly  primed.  It  is  easily  removed  from 

unprimed  surfaces.  It  can  be  applied  by  dipping,  pouring, 
spraying  or  buttering — cures  in  place  at  room  temperature  to 
form  a  tough,  flexible  seal.  Cure  times  can  be  varied  from  min- 

utes to  hours  depending  on  catalyst  used  and  heat,  if  applied. 

TYPICAL  PROPERTIES  OF  RTV  SILICONE  RUBBER 

RTV-1 1 RTV-20 RTV-40 RTV  60 
RTV-77 

RTV-88 RTV-90 

Viscosity,  Poises 

120 

300 
450 550 

8.000 
10,000 12,000 

Color White 
Pink 

White Red White Red 

Red 

Consistency 

Easily 

Pour 
able 

Pourable Spreadoble 
Thixotropic 

Paste 
Stiff Paste 

Temperoture                  FROM  -90°F  TO  +  600-F  FOR  EXTENDED  PERIODS 
Resistonce             TO  9,0003F  FOR  LIMITED  TIME  AS  THERMAL  INSULATION 

Specific  Gravity 1.18    |    1.35    |    1.37    |    1,47     |     1.33    |    1.47   |  1.47 Radiation  Resistance 10'  ergs/gram 
Tensile  Strength,  psi 350 450 550 650 

500 

750 

750 
Shrinkage,  % 0.4 0.2 

0.2 

0.2 0.3 0.3 0.2 
Durometer,  Shore  A 

45 

50 55 60 50 65 60 
Volume  Resistivity, 

ohm-cm 

6x10'* 
5x10" lxlO" 

2x10  " 

lxlO'1 
1x10" 2x10' 

Solids  Content,  % 100 100 

100 

100 

100 

100 

100 

Elongation,  % 
180 

140 120 110 220 110 190 

Protection  against  hydrogen  peroxide  spillage  is  provided  by 
RTV  silicone  rubber  coating  on  this  three  position  actuator. 
RTV  is  commonly  used  to  protect  against  moisture  and  many 
chemicals.  It's  used  in  almost  all  U.S.  missiles  and  space vehicles,  not  only  for  sealing,  but  for  electronic  potting  and 
encapsulating,  and  as  thermal  insulation.  It  combines  excel- 

lent electrical  properties  with  physical  protection. 
If  you  would  like  a  free  sample  for  evaluation,  write  on  your 
letterhead,  describing  your  application.  Section  0466,  Silicone 
Products  Department,  General  Electric  Co.,  Waterford,  N.  Y. 

A  wide  range  of  RTV  compounds  meet  a  variety  of  application 
requirements.  Low  viscosity  RTV-11  (or  transparent  LTV-602) 
is  used  for  potting  electronic  assemblies  and  coil  impregnation. 
RTV-77.  88  and  90  are  mainly  used  for  high-temperature  seal- 

ing and  for  thermal  insulating  and  ablative  applications. 
Intermediate  viscosities  meet  other  insulating  and  sealing  re- 

quirements, are  also  used  as  flexible  mold  materials. 

GENERAL ELECTRIC 

Circle  No.  1   on  Subscriber  Service  Card 



AEROSPACE 

TRAFFIC  CONTROLX^ 

CENTER: 

TIMETABLE  1970's  ^ 

4  typical  example  of  advanced  design  by  Lockheed -California  Spacecraft 

Will  command  centers  based  in  space  be  an  outstanding 
development  in  the  ten-year  span  from  1967  to  1977? 
The  answer  at  Lockheed-California  Company's  Spacecraft 

Organization  is— Yes.  Proof:  the  Spacecraft  design  pictured 
here.  It  reflects  the  maturity  developed  in  our  thinking  about 
manned  space  systems. 
The  station— aeroscope  traffic  control  center  of  the  1970's 

—will  be  assembled  in  orbit  in  a  series  of  pieces  brought 
together  by  rendezvous  techniques.  Included:  Command 
center;  living  quarters;  maintenance  station;  radar  and  infra- 

red sensing  devices;  nuclear  power  supply;  communication 
links  with  the  earth  and  other  space  vehicles.  As  now 
planned,  12  people  will  man  the  vehicle.  Their  tour  of  duty 
will  be  measured  in  weeks. 

For  four  years  Lockheed-California  Spacecraft  has 

concentrated  on  the  "needs  of  man  in  space.  Activities 

embrace  all  fields  pertaining  to  development  of  complex 
spacecraft  as  well  as  supporting  technologies.  An  operation 
of  such  magnitude  opens  many  doors  of  opportunity. 
Scientists  and  Engineers  of  outstanding  talent  and 

training  are  needed  to  develop  new  Spacecraft,  Aircraft, 
ASW  concepts  in:  Human  Factors;  Physics  (theoretical, 
plasma,  high-energy,  solid  state,  infrared,  optics,  nuclear); 
Thermodynamics;  Servosystems;  Reliability;  Guidance  and 
Control;  Dynamics;  Electronic  Systems;  Aerospace  Ground 
Equipment;  Bioastronautics;  Systems  Integration  and  Trade- 
Off;  Space  Mechanics;  Sub-Systems  Synthesis  and  Analysis; 
Nuclear,  Electric  and  Liquid  Rocket  Propulsion;  Electronics 
Research;  Hydrodynamics.  Send  resume  to:  Mr.  E.  W.  Des 
Lauriers,  Manager  Professional  Placement  Staff,  Dept. 
1704,  2404  N.  Hollywood  Way,  Burbank,  California.  An  equal 
opportunity  employer. 

LOCKHEED CALIFORNIA  COMPANY 
A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 
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ENGINEERS  GAIN  A  NEW  PERSPECTIVE  AT  AC 

AC,  the  Electronics  Division  of  General  Motors,  has  made  a  distinct  contribution  to  technological 
advancement  in  the  field  of  low-altitude  aircraft  operation.  You,  too,  can  develop  and  improve 
your  career  in  the  areas  of  guidance  and  navigation  if  you  are  an  Electrical  Engineer, 
Mechanical  Engineer,  Physicist  or  Mathematician.  Current  projects  include:  Integration  and 
Engineering  of  the  AN/ASQ-48  Weapon  System  for  the  B-52C&D  aircraft,  Inertial  Guidance 
Systems  for  the  Titan  II,  and  the  development  of  a  Stellar  Inertial  Guidance  System  for 
advanced  missiles.  If  you  have  related  experience  and  are  interested  in  any  of 
the  following  positions,  please  contact  Mr.  G.  S.  Raasch,  Director  of  Scientific  and  Professional 
Employment,  Dept.  5753,  7929  South  Howell,  Milwaukee  1,  Wisconsin. 

MILWAUKEE  Weapon  Systems  Program  Engineers  ■  Radar  Design  and  Development  Engineers  ■  Radar  Systems  Engineers  •  Radar 
Test  Engineers  ■  Reliability  Program  Engineers  ■  Field  Service  Engineers  ■  Electromagnetic  Engineers  ■  Supplier  Contact 
Engineers  ■  Quality  Control  Engineers/ Analysts  ■  Technical  Writers  and  Editors  ■  Scientific  Programmers"  Ceramic  Engineers 

LOS  ANGELES  (Advanced  Inertial  Guidance  Systems  and  Airborne  Digital  Computers)— Digital  Computer  Development 
RESEARCH  AND  Engineers  ■  Research  and  Development  Engineers  ■  Transistor  Circuit  Design  Engineers  ■  Systems  Engineers DEVELOPMENT  _ 
LABORATORY  "  Programmers  Mathematicians 

BOSTON  RESEARCH  &  (Advanced  Inertial  Guidance  Systems  and  Components)— Systems  Engineers  and  Mathematicians 
DEVELOPMENT  .  Electronic  Circuit  Engineers  ■  Mechanical  Design  Engineers  ■  Instrument  Engineers  ■ LABORATORY Electromagnetic  Engineers 
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Civil  Service  Scales 

To  the  Editor: 

Many  of  your  editorials  I  read  with 
gusto,  because  they  are  usually  composed 
of  a  healthy  regard  for  the  impact  of  cur- 

rent events  and  a  basic  explanation  of  facts. 
However,  in  your  April  16  editorial 
("Those  Lush  Defense  Profits"),  you  in- 

dulged in  a  tactic  to  which  all  industrial 
writers  eventually  succumb.  That  is,  using 
the  civil  servant  or  his  pay  scale  as  a 
whipping  boy. 

Although  it  may  have  been  true  that 
the  Army,  at  the  inception  of  its  Nike- 
Zeus  program,  probably  did  not  have  a 
sufficient  amount  of  personnel  with  the 
necessary  technical  management  skill  to 
support  the  elimination  of  industrial 
"middlemen,"  it  seems  to  me  that  several 
industries  were  lacking  such  personnel  also. 
With  the  above  subject  properly  equated, 
may  I  further  point  out  that  your  point, 
"Civil  Service  pay  scales  would  have  pre- 

cluded hiring  qualified  systems  manage- 
ment engineers,"  is  neither  pertinent  nor necessarily  true. 

Being  a  rather  sensitive,  but  poor, 
civil  service  worker,  I  do  not  have  to  be 
reminded  of  the  relatively  low  pay  scales. 
But  I  certainly  do  not  feel  any  less  quali- 

fied because  of  my  loyalty  to  the  civil 
service  system. 

Indeed,  sir,  I  can  think  of  at  least  two 
reasons  why  industry  must  have  highly 
paid  "middlemen" — neither  of  which  in- 

volves a  "begging  the  question"  form  of critique  of  civil  service. 
I  would  appreciate  your  editorials  much 

more  in  the  future  knowing  that  I  would 
not  be  distracted  by  impertinent  techniques. 

Joseph  L.  Townsend 
G.  M.  Specialist 
Ordnance  Supply  Analysis  Agency 
Raritan  Arsenal 
Metuchen,  N.  J. 

Categories  and  Verse 
To  the  Editor: 

I  would  like  to  comment  on  two  letters 
in  M/R.  April  16.  In  one,  Mr.  Paul  J. 
Malie  wonders  whether  or  not  Col.  Glenn 
ought  to  be  three  days  "younger"  because he  traveled  from  West  to  East  and  (it 
would  seem)  somehow  "unwound"  a  few 
days.  Actually,  as  he  went  in  the  same  di- 

rection of  motion  as  the  Earth,  he  would, 
if  anything,  have  become  "older."  To  pre- vent such  confusion,  the  Earth  was  divided 
many  years  ago  into  time  zones,  and  the 
International  Date  Line  was  established. 
Every  15  degrees  of  longitude  of  travel 
would  give  an  orbiting  astronaut  an  extra 
hour,  but  crossing  the  date  line  would 
even  the  score.  When  he  returned  over  his 
point  of  origin,  the  times  on  the  ground 
and  above  it  in  the  spaceship  would  again 
be  equal.  Even  to  the  day. 

In  a  more  serious  note,  I  would  like 
to  comment  on  Mr.  T.  J.  Nawrocki's  letter 

entitled  "Who's  An  Engineer?"  His  is  a 
good  point,  but  it  is  a  sword  that  cuts  both 
ways.  My  own  case  is  an  example. 

I  am  a  graduate  of  a  rather  well-known 
college,  but  my  degree  is  in  philosophy. 
Therefore,  when  looking  for  employment, 
I  tried  to  get  a  job  as  a  technical  writer 
rather  than  an  engineering  job.  Having 
had  several  things  published,  both  fiction 
and  articles,  I  felt  (and  still  feel)  well 
qualified  for  such  a  job. 

I  applied  to  a  large  concern  in  the 
missile/space  field  and,  after  forwarding 
copies  of  my  application  and  photocopies 
of  my  technical  article,  I  was  granted  a 
couple  of  interviews.  In  one  of  these — 
possibly  because  of  a  semitechnical  article 
I  wrote  on  speaker  systems — I  was  told  of 
a  job  as  an  "associate  engineer"  in  the quality  control  division,  if  I  could  handle  it. 

I  knew  I  could  not,  and  could  not 
follow  up  this  opening. 

However:  When  I  applied,  I  did  not 
once  mention  the  possibility  of  seeking  an 
engineering  job.  This  was  somebody  else's idea.  At  the  time  it  was  suggested  all  par- 

ties concerned  knew  of  my  educational 
major. 

So  who  is  at  fault  here?  I  would  ven- 
ture to  say  that  there  is  fault  on  both 

sides  of  the  fence.  I  would  further  go  as 
far  as  to  suggest  that  perhaps  there  ought 
to  be  some  industry-wide  agreement  on 
exactly  what  terms  define  what,  and  that 
these  should  be  standardized.  It  might  even 
be  a  good  idea  to  develop  a  term  to  classify 
those  with  a  certain  amount  of  engineering 

skill,  but  not  enough  to  rate  an  "engineer" classification,  as  something  else — technicist, 
for  example.  If  we  had  a  National  Aero- 

space Classification  Table  things  would  be 
simpler.  If  a  company  wanted  to  give 
someone  a  classification  (such  as  "associ- 

ate engineer")  which  did  not  conform  to 
his  actual  job,  his  employment  record  could 
read  something  like:  NULLSPACE  CO. 
EMPLOYMENT  RECORD.  DOAKES, 
Joe  (NMI) — Associate  Engineer  (Techni- 

cist NACT)  .  .  .  and  everybody  would 
be  happy,  including  the  personnel  people 
who  are  by  now  probably  up  to  their  ears 
in  confusion. 

Stephen  A.  Kallis,  Jr. 
Dunedin,  Fla. 

To  the  Editor: 

Thank  you  for  your  poem,  "The  Lights 
of  Perth— I,"  in  M/R,  April  16.  I  can't 
read  your  magazine — it  is  all,  way  over  my 
head.  But  sometimes  I  do  idly  turn  the 
pages,  and  I  am  so  glad  that  I  did  this 
time. 

Mrs.  R.  E.  Arentson 
Orlando,  Fla. 

The  J.  P.  Davis  who  wrote  the  poem 
is  Miss  J.  P.  Davis,  a  nuclear  engineer  with 
Burns  &  Roe,  Inc.  "The  Lights  of  Perth- — 
//"  appeared  in  the  April  23  M/R.  We 
hope  to  publish  more  of  Miss  Davis'  work 
in  forthcoming  issues. — Ed. 
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Clues  to  Cosmoses 

To  the  Editor: 

While  perusing  a  number  of  articles 
that  I  have  collected  over  the  past  sev- 

eral years  concerning  Soviet  astronautics, 
I  chanced  upon  two  reports  that  appear 
to  give  clues  as  to  the  origins  and  uses 
of  Earth  satellites  Cosmos  I  and  Cos- 

mos II,  launched  March  16  and  April  6 
respectively. 

In  M/R,  Feb.  15,  1960  (pp.  25  &  29), 
a  town  called  Kapustin  Iar  (the  National 
Geographic  Society  map  of  the  USSR  calls 
is  Kapustin  Yar)  is  given  as  a  satellite 
launching  site.  M/R  lists  the  coordinates 
as  48°  27'  North,  45°  35'  East— about  60 
miles  east-southeast  of  Stalingrad  (now 
Volgograd).  It  also  reports  that  satellites 
launched  from  Kasputin  Iar  may  be 
launched  to  the  east  over  the  Caspian  Sea. 

It  is  a  well-known  law  in  orbital  me- 
chanics that  if  a  satellite  is  launched  di- 

rectly to  the  east  from  a  given  latitude, 
the  inclination  of  the  satellite  orbital  plane 
to  the  plane  of  the  equator  is  equal  in 
value  to  the  latitude  of  the  launch  site. 
Any  Earth  oblateness  effect  would  be  sec- 

ond-order or  smaller  in  this  relationship. 
Press  reports  are  that  the  inclination  of  the 
orbital  planes  of  both  Cosmos  I  and  Cos- 

mos II  is  49°.  Latitude  given  in  M/R  is 
48°  27'.  It  appears  that  the  USSR  has 
initiated  a  new  launch  site  at  Kapustin  Iar, 
since  they  previously  claimed  that  their 
space  launchings  took  place  at  Baikonur — 
hundreds  of  miles  east  of  Kapustin  Iar. 
To  strengthen  this  belief,  a  TASS  report 
on  page  1  of  Pravda  for  March  17  says 
"...  a  series  of  artifical  satellite  launch- 

ings will  be  conducted  in  1962  from  differ- 
ent cosmodromes  of  the  Soviet  Union." 
In  the  April  24  issue  of  Aviation  Week 

is  a  report  of  a  discussion  on  space  biology 
and  medicine  by  Soviet  scientists  Ivan 
Maisky,  Valdimir  Englehardt  and  Andrei 
Lebedinsky.  It  makes  the  following  points: 

1.  The  next  major  goal  of  Russian 
space  research  will  include  determining 
the  extreme  limits  of  survival  of  living 
organisms  in  order  to  make  prolonged 
flight  ...  as  safe  as  Earth-orbital  flights. 

In  penetrating  further  into  the  radia- 
tion zones,  new  protective  measures  will 

have  to  be  devised. 
The  writer  believes  that  Cosmos  I  and 

//  are  being  used  to  evaluate  points  1  and 
2  above,  and  for  other  tasks — vis.,  cloud- 
cover  studies  as  announced  by  the  USSR. 
Further,  one  might  hazard  the  guess  that 
this  phase  of  research  was  commenced 
only  recently,  in  order  that  previously 
obtained  data  could  be  reduced  and 
thoroughly  evaluated  in  preparation  for 
the  present  tests.  Finally,  since  the  apogee 
of  Cosmos  I  was  initially  about  600  statute 
miles,  and  that  of  Cosmos  II  initially  about 
960  statute  miles,  one  may  indeed  assume 
that  separate  zones  of  the  radiation  belts 
are  being  examined. 

Saunders  B.  Kramer 
Senior  Member,  American  Astro- 

nautical  Society;  Fellow, 
British  Interplanetary  Society 

Sunnyvale,  Calif. 
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FLASH  TECHNOLOGY 

for 

FX-41 

FX-1  B@gg 
FX-42 

Flash-induced  chemical  catalysis. 
•  High-speed  photography  of  chemical  and  proc- ess reactions. 
•  Motion  studies,  shock-wave  photography. 
•  Cloud  chamber  Physics. 
•  Deep-sea  photography. 
•  U.V.  printing  and  time-marking. 
•  Satellite  beacon  systems. 
•  Optical  Maser  (Laser)  light  pumps. 

EG&G's  leadership  in  flash  technology  is  solidly 
based  on  original  contributions  to  the  state  of  the 
art  which  have  produced  more  than  40  patents  for 
tubes,  circuits  and  stroboscopic  systems. 

XENON  FLASH  TUBES 
Model  lOO  Designed  for  Laser  and  other  special 
applications.  Tube  configuration  ensures  maximum 
light  intensity  per  unit  of  rod  area.  Output:  250 
HCPS/flash.  Input:  100  ws.  Price:  $50. 
FX-31  Internally  triggered.  Non  wandering  arc. 
Single  flash  or  strobe.  Flat-topped  for  optimum 
optical  characteristics.  Output:  2.5  HCPS/flash. 
Input:  5  ws.  Price:  $30.  Standard  fx-ga  type:  $15. 

FX-41  Paper-clip  size  tube  now  under  develop- 
ment. Inquiries  invited. 

fx-38  3"  arc.  Output:  400  HCPS/flash.  Input: 
200  ws.  Also  available:  fx-i  Output:  2000  HCPS/- 
flash.  Input:  400  ws.  Price:  $50.  FX-42  Output: 
2500  HCPS/flash.  Input:  600  ws. 

PULSED  POWER  SYSTEMS 
FOR  LASER  STIMULATION  FLASH  CATALYSIS,  ETC. 

632 
531  ► 

Model  631  Output:  400  ws.  (1050  mfd  at 
900  v.)  Input:  115  v.  60  cycle  a.c.  Price: 
$795.00.  Model  532  Flash  Head  with  2 
Model  100  tubes:  $395.00.  System  will  drive 
polished  and  multicoated  ruby  rods  with 
low  threshold.  System  Price:  $1190.00. 

Model  522  Two  unit  1280  ws.  system 
provides  upto4kv.  into  80  mfd.  or  160  mfd. 
Triggered  externally  or  from  front  panel. 
Drives  Model  511,  512,  513  Flash  Heads 
with  4  to  10  Model  100  tubes.  Accommo- 

dates crystals  2"  long  up  to  Vz"  dia.  Input: 
110  v.  or  220  v.  60  cycle  a.c.  Price:  $3345.00 
(complete  system  with  4  tubes). 

•  FOR  MOTION  STUDIES.  CLOUD  CHAMBER 
PHYSICS,  ETC. 

Model  530  Output:  100  ws.  (260  mfd.  at 
900  v.)  Input:  115  v.  60  cycle  a.c.  Price: 
$395.00.  EG&G  TR-36  external  trigger  trans- 

former: $13.95.  System  drives  most  EG&G 
flash  tubes. 

ELECTRONIC  FLASH  EQUIPMENT 
Microflash  (,5MSec  duration) for  ballistic  photography ...  High-Speed  Stroboscope 
(6  kc.  rate)  for  photographing  shock  waves,  projectiles,  etc.  .  .  .  Flash  Illuminator 
for  macrophotography  and  photomicrography  .  .  .  Double  Flash  for  silhouette  pho- 

tography .  .  .Multiple  Microflash  for  superimposition  of  up  to  20  photographs  on 
single  negative  at  up  to  100  kc.  rate  .  .  .  Mark  VI  and  VII  Sensitometers  for  rating 
film  sensitivities,  etc. 

dp 

Further  information  on  request  on  above  products  and  on:  Milli. 
mike®  Oscilioscopes  and  accessories,  Hydrogen  Thyratrons  and 
Diodes,  Triggered  Spark  Gaps,  Transformers,  Oceanographic  In- 

struments, Radiation  Detection  Devices. 

TEL.  COPLEY  7-9700     .     CABLE:  EGGINC,  BOSTON;  TWX:  BS  1099 
Edgerton,  Germeshausen  &  Grier,  Inc. 
168     BROOKIINE    AVENUE,     BOSTON     15,  MASSACHUSETTS 

WESTERN  OPERATIONS:  P.  0.  Box  1912,  Las  Vegas,  Nev.  — Santa  Barbara  Airport,  P.  0.  Box  98,  Goleta,  Call!. 

Circle  No.  IS  on  Subscriber  Service  Card  ' 



PLANNED  PROGRESS 

Step  by  step.  Stride  by  stride.  America's  space  program  under  NASA  is 
one  of  carefully  planned  progress.  Every  launch,  every  space  probe,  every 
orbiting  vehicle  contributes  specific  information  to  the  mass  of  new 
knowledge  and  technology  needed  to  achieve  the  next  goal. 
The  historic  flight  of  Friendship  7  was  a  first  step.  More  will  follow.  Then 
an  18-orbit  mission.  Then  Gemini,  carrying  two  astronauts,  for  prolonged 
investigations  in  space.  And  finally  Apollo,  which  in  this  decade  will  take 
men  to  the  moon  and  back.  This  is  the  great  leap  that  will  free  mankind 
from  his  planet. 
The  civilian  space  program  which  NASA  implements  and  directs  is  a 
national  program  with  immeasurable  by-products  for  human  welfare.  It 
is  perhaps  the  greatest  technical  effort  ever  undertaken.  Intensive  scien- 

tific investigations  are  carried  out  in  every  field,  and  every  modern  tech- 
nology. It  employs  weather  and  communications  satellites,  deep  space  and 

lunar  probes,  orbiting  observatories.  Thousands  of  problems  must  be 
solved,  new  technologies  mastered,  space  oceans  charted,  unknown  en- 

vironments studied.  All  this  must  be  accomplished  before  true  space 
travel  can  be  achieved  by  men. 
To  carry  out  its  directives,  NASA  needs  large  numbers  of  engineers  and 
physical  scientists  in  all  disciplines.  Career  opportunities  for  qualified  men 
and  women  holding  B.S.,  M.S.,  or  Ph.D.  degrees  are  virtually  unlimited. 
In  this  swiftly  expanding  program,  advancement  and  professional  recog- 

nition can  be  rapid. 

NASA  invites  your  inquiry  to  the  Personnel  Director  of  any  of  the  following  NASA  Centers:  NASA  Manned  Space- 
craft Center,  Houston,  Texas  .  NASA  Goddard  Space  Flight  Center,  Greenbelt,  Maryland  .  NASA  Marshall 

Space  Flight  Center,  Huntsville,  Alabama  .  NASA  Ames  Research  Center,  Mountain  View, 
California  .  NASA  Flight  Research  Center,  Edwards,  California  .  NASA  Langley  Research 
Center,  Hampton,  Virginia  .  NASA  Wallops  Station,  Wallops  Island,  Virginia  .  NASA 
Lewis  Research  Center,  Cleveland,  Ohio  .  NASA  Headquarters,  Washington  25,  D.  C.  . 
Positions  filled  in  accordance  with  Aero-space  Technology  Announcement  252-B.  All  qualified  applicants will  receive  consideration  for  employment  without  regard  to  race,  creed  or  color,  or  national  origin. 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 



The  Countdown 

WASHINGTON 

Ranger  5  Last  Chance  in  '62 
NASA  will  get  one  more  opportunity  to  successfully 

complete  a  Ranger  spacecraft  mission  this  year.  A 
Ranger  5  shot  is  scheduled  for  early  in  the  last  quarter. 
The  long  delay  between  Rangers  4  and  5  is  required 
because  of  the  two  Mariner  launches  slated  during  the 
late  July-early  September  period.  These  will  use  the 
same  Atlas-Agena  pad  employed  at  the  Cape  for  Ranger. 

Another  'Hold'  on  120-in.  Solid? 
It  now  appears  that  the  contract  award  for  the  120-in. 

solid  booster  for  the  Titan  III  space  booster  is  being 
held  back  for  yet  another  study.  This  time,  however,  it 
is  reported  that  the  new  look  is  aimed  not  at  feasibility 
but  at  the  contractor  structure  and  program  management. 

Navy  Plans  Satellite  Launching  Ships 

The  Navy  is  developing  ships — most  likely  refitted 
Victory  ships — for  launching  satellites  into  orbit  around 
the  equator  or  at  a  specific  latitude  or  longitude.  Noting 
that  in  the  past  electronic  equipment  was  too  sensitive 
to  withstand  heavy  seas,  the  Navy  now  contends  that 
"almost  anything  electronic"  can  operate  in  a  State  5  sea. 

Projects  Madre  and  Tepee  Very  Much  Alive 

Although  very  little  concerning  them  has  been  dis- 
closed in  the  past  year,  Projects  Madre  (Navy-AF  pro- 
gram to  develop  a  high-power,  long-range,  over-the- 

horizon  radar)  and  Tepee  (investigations  to  detect  bal- 
listic missile  launchings  over  long  distances) ,  pro- 
grams apparently  have  been  highly  successful.  The  Navy 

reports  that  preliminary  experiments  "using  the  two-hop 
technique  have  been  successful,  with  ranges  achieved  on 
the  order  of  4000  miles." 

DOD  Warns  Against  Research  Costs  Rider 
In  testimony  released  before  House  passage  of  the 

defense  appropriations  bill,  DOD  officials  argued  against 
inclusion  of  the  maximum  15%  ceiling  on  indirect  re- 

search costs  for  universities.  They  asserted  that  the  effect 
of  the  ceiling  would  be  to  drastically  curtail  university 
research  activity,  constituting  "a  serious  impediment" to  defense  research. 

Defender  Research  Expanded 
ARPA  is  expanding  its  ballistic  missile  phenomen- 

ology research  program  to  include  "a  significant  number 
of  satellite-borne  measurements"  of  ICBM's  during  their 
launch  phase.  Conducted  under  the  title  TABSTONE. 
the  program  has  existed  since  spring  of  1961;  until  now. 
however,  measurements  have  been  restricted  to  aircraft 
and  rocket  probes. 

Mauler  Development  Speeded 

Funds  in  the  Army's  FY  '63  RDT&E  budget  will accelerate  develooment  of  the  Mauler  air  defense  weapon 

system.  The  Army,  gratified  with  the  system's  progress 
so  far,  expects  to  complete  most  of  the  R&D  during 
FY  '63  so  that  it  can  get  the  badly  needed  weapon  into 
the  field  as  soon  as  possible. 

INDUSTRY 

Aerojet  Gets  Go-Ahead  for  Solid  Tests 
With  announcement  of  the  Titan  III  120-in.  solid 

booster  contract  still  pending  (see  second  item  above), 
Aerojet-General  announced  it  had  been  given  AF  per- 

mission to  report  that  it  will  test-fire  nine  "very  large" solid  motors  during  the  next  2Vi  months.  The  firings 
will  be  under  a  previously  announced  $4-million  contract 
for  testing  advanced  methods  of  steering  solid  rockets 
and  advanced  ignition  systems.  Under  the  program. 
Aerojet  recently  fired  for  100  sec.  a  600, 000-lb. -thrust, 
119-ton  segmented  motor — largest  ever  fired  in  the  U.S. 

H-l's  Moving  to  Missouri 
North  American  Aviation  is  moving  production  of 

its  H-l  engines  for  Saturn  from  Canoga  Park,  Calif., 
to  Neosho,  Mo.  The  Rocketdyne  division  expects  to 
produce  the  first  test  engines  there  this  spring,  and  pro- 

duction models  early  in  the  fall. 

Gerrity  Lauds  Overall  ICBM  Progress 

The  entire  U.S.  ICBM  program  is  "very  close"  to 
original  cost  estimates — and  actually  ahead  of  the  first 
development  and  deployment  schedules,  according  to 
Maj.  Gen.  Thomas  P.  Gerrity.  commander  of  the  AF 
Ballistic  Systems  Division.  In  a  New  York  speech  last 
week,  Gerrity  noted  that  concurrent  methods  of  base 
activation,  missile  R&D,  crew  training,  and  flight-testing 
had  made  the  Convair  Atlas  operational  in  5.2  years 

from  time  of  program  approval,  Martin's  Titan  I  in  5.8 
years.  He  said  the  spread  for  the  Boeing  Minuteman 
would  be  less  than  four  years. 

INTERNATIONAL 

British  Buy  Bundle  of  AS-30's 
The  RAF  has  ordered  1000  French  AS-30  air-to- 

ground  missiles  for  an  estimated  price  of  $14  million. 
It's  the  first  foreign  purchase  of  the  Nord-Aviation 
weapon.  Meanwhile,  the  Royal  Navy  is  negotiating  with 
Nord  for  a  purchase  of  wire-guided  SS-1 1  antitank  mis- 

siles— already  in  use  with  French,  German  and  U.S. 
forces. 

Japan  Near  Choice  on  Defense  System  Award 

The  Japanese  government  has  narrowed  competition 
for  an  air  defense  system  for  its  Air  Self -Defense  Force 
to  three  U.S.  firms — General  Electric,  Hughes  Aircraft 
Co.  and  Litton  Industries.  The  command  and  control 
system  will  direct  aircraft  and  missile  interceptors. 

Help  for  Astronauts  in  'The  Tower'? 
Officials  at  the  Tower  of  London  have  sent  AiRe- 

search  Manufacturing  Company  details  of  a  suit  of  armor 
designed  for  Henry  VIII.  It  may  be  of  help  in  developing 
future  spacesuits.  The  gimmick  is  that  the  regal  suit  in 
question  was  built  for  fighting  on  foot  at  tournaments; 
unlike  most  suits  of  armor,  designed  primarily  for 
mounted  combat,  it  completely  enclosed  the  body,  leav- 

ing no  gaps.  AiResearch  wrote  to  the  Tower  after  it  was 
unable  to  get  similar  assistance  from  New  York's  Metro- 

politan Museum. 
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Hydro -Space  News 

FOR  INSTANTANEOUS  ACTION... ANYWHERE 

cartridge  actuated  devices 

The  capsule  shown  above  represents  the  latest  word  in  safe,  fast,  emer- 
gency ejection  of  pilot  or  crew  members  from  aircraft.  Developed  for 

use  in  the  B-58,  it  affords  complete  protection  for  the  pilot  during 
ejection  and  descent,  and  maximum  chance  of  survival  on  landing. 

Much  of  its  operational  effectiveness  is  a  result  of  cartridge  actuated 
devices  developed  and  manufactured  by  Hydro-Space  Technology 
Incorporated. 

Hydro-Space  is  well  qualified,  through  its  capabilities  and  depth  of 
experience,  for  critical  work  of  this  nature.  Our  operations  are  char- 

acterized by  a  creativity  that  is  presently  making  important  contribu- 
tions to  the  understanding  of  ignition  and  combustion  phenomena  and 

their  practical  application... by  emphasis  on  quality  control  to  assure 
adherence  to  top  standards  at  every  point  from  initial  procurement  of 
raw  materials  through  production  and  shipment... on  reliability  of 
performance,  as  reflected  in  every  aspect  of  design,  engineering,  pro- 

duction and  testing. 

Hydro-Space  has  developed  cartridge  actuated  devices  to  perform  a 
large  variety  of  tasks  in  the  fields  of  aeronautics,  missiles  and  under- 

water research.  Typical  devices  include : 

□  THRUSTERS  □  EXPLOSIVE  BOLTS  □  CABLE  CUTTERS 
□  VALVES  □  GAS  GENERATORS  □  CARTRIDGES 

For  further  information  ask  your  secretary  to  request  on  your  letter- 

head a  copy  of  our  booklet,  "Cartridge  actuated  devices  &  oceano- 
graphic  equipment..." 

/[XJSj  Hydro :  Spaceo  Technojogy  / 
DEPT.  B-4,  WEST  CALDWELL,  NEW  JERSEY  •  CAPITAL  8-0440 
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The  Missile 

Shots  of  the  Week 
Second  successful  launch  of  the 

Saturn  booster  took  place  April  25, 
followed  by  a  spectacular  experi- 

ment which  released  95  tons  of  water 
at  65  miles  altitude.  The  162-ft. 
booster,  developing  1.3  million  lbs. 
thrust,  impacted  several  hundred 
miles  down  the  Atlantic  Missile 
Range  from  Cape  Canaveral.  The 
two  upper  stages,  containing  water 
ballast,  were  intentionally  blown  up 
to  create  the  ice  cloud,  described  as 
the  highest  in  history.  (See  p.  14.) 

•  Ranger  IV,  after  near-perfect 
launch  and  guidance  phases,  failed  to 
transmit  any  significant  scientific 
data  on  its  trip  to  the  moon,  due 
to  malfunction  of  a  timer.  Launched 
April  23  from  Cape  Canaveral,  the 
730-lb.  payload  failed  to  perform 
operational  functions  controlled  by 
the  on-board  electronic  computer. 
Ranger  V  is  expected  to  be  launched 
before  year's  end.  (See  p.  14.) 

•  Primary  test  objectives  in  the 
Skybolt  program — in-flight  launch 
and  ignition — were  met  in  the  air- 
launched  ballistic  missile's  initial 
firing  April  19  from  a  B-52  jet 
bomber  over  the  Atlantic  Missile 
Range.  The  test  fell  short  of  the 
planned  900-mile  flight,  reportedly 
because  the  second  stage  failed  to 
receive  a  firing  command.  Air  Force 
officials  were  nevertheless  pleased 
with  results.  (See  p.  18.) 

•  Automatic  in-flight  destruction 
of  a  Nike-Zeus  antimissile  missile 
was  carried  out  April  19  off  Point 
Mugu,  Calif,  before  the  vehicle  could 
intercept  a  phantom  target.  Ignition 
of  both  stages  was  successful  before 
the  premature  termination,  but  tech- 

nical difficulties  developed  in  the 
second  stage. 

•  Minuteman,  ending  a  seven- 
shot  success  streak,  was  destroyed 
by  the  Canaveral  range  safety  offi- 

cer after  a  night  silo  launch  April  24. 
•  A  similar  fate  befell  Pershing, 

which,  after  13  successes,  went  off 
course  at  the  Cape  and  was  destroyed 

April  24.  It  made  Pershing's  record 28  successes  in  32  attempts  over  the 
entire  program. 

•  Two  X-15  flights  were  racked 
up  at  Edwards  AFB  during  the  week, 
one  by  Joe  Walker  on  April  19  and 
another  by  Neil  Armstrong  on  the 
20th.  Walker  went  to  150,000  ft.  and 
4000  mph  in  a  test  of  a  secondary 
emergency  control  system,  and  Arm- 

strong soared  to  207,000  ft.  and  3818 
mph  to  test  the  automatic  pitch,  yaw 

missiles  and  rockets,  April  30,  1962 

/ Space 



Week 

and  roll  control  system.  NASA  ex- 
pects to  run  the  X-15  through  its 

maximum  paces  of  255,000  ft.  and 
3785  mph  sometime  this  week.  AF 
pilot  Capt.  Robert  White  has  al- 

ready reached  the  design  speed  of 
4093  mph. 

•  Cosmos  III,  third  in  a  new 
series  of  Soviet  satellites  described 

as  payloads  to  measure  the  Earth's radiation  belts,  cloud  patterns,  and 
other  scientific  phenomena,  was  put 
in  orbit  April  24.  Few  data  were 
released  concerning  the  size  or 
weight  of  the  package,  whose  orbit 
is  inclined  49  degrees  with  an  apogee 
of  447  miles,  perigee  142  miles. 

Centaur  Nearly  Makes  It 

The  fifth  attempt  in  two  weeks 
to  launch  Centaur  from  Cape  Canav- 

eral failed  April  21,  when  booster 
cutoff  occurred  just  after  ignition. 
NASA  announced  that  a  malfunction 
in  the  umbilical  system,  not  in  the 
vehicle,  caused  the  shutoff.  The  Atlas 
first  stage,  locked  to  the  launch  pad, 
emitted  flame  and  smoke  upon  igni- 

tion. But  these  died  quickly  as  an 
automatic  system  shut  down  the  en- 

gines when  the  umbilical  cable  failed 
to  release. 

Gemini  Order  to  Rocketdyne 

A  series  of  small  storable-fueled 
rockets  to  maneuver  the  Gemini 
capsule  in  orbital  and  rendezvous 
flights  will  be  supplied  by  Rocket- 
dyne  Division  of  North  American 
Aviation  to  McDonnell  Aircraft.  Two 
engine  sizes  will  be  used.  One  sys- 

tem will  handle  docking  operations 
and  a  second  will  be  used  to  position 
the  capsule  for  re-entry. 

Updating  Newton's  Laws 
A  research  scientist  suggested  in 

a  paper  presented  to  the  American 
Physical  Society  in  Washington,  D.C. 
last  week  that  Newton's  laws  of  mo- 

tion be  updated  in  the  light  of  mod- 
ern experience. 
He  theorizes  that  all  real  bodies 

— including  even  the  smallest  sub- 
nuclear  particles — have  built-in  de- 

lay times  in  responding  to  a  force, 
depending  on  how  it  is  applied. 

In  effect,  Dr.  William  O.  Davis — 
Huyck  Corp.'s  Director  of  Research, and  former  Chief  of  Scientific  Re- 

search and  Development  Command 
— hypothesizes  the  need  to  include  a 
term  for  the  rate-of-change-of-accel- 
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eration  in  the  equation  of  motion. 
As  a  consequence  of  the  modified 

equation,  Dr.  Davis  suggests  two  ad- 
ditions to  the  classical  laws  of  mo- 

tion: 
1)  The  observed  momentum  of  a 

real  body  cannot  be  changed  instan- 
taneously regardless  of  the  magni- 

tude of  the  applied  force. 
2)  Action  and  reaction  in  a  sys- 

tem of  real  bodies  cannot  be  exactly 
simultaneous. 

Live  Polaris  To  Be  Tested 

A  "live"  Polaris  missile  and  war- 
head will  be  tested  during  the  U.S. 

nuclear  test  series  which  began  in 
the  Pacific  last  week,  according  to 
an  unconfirmed  report. 

The  test  will  be  the  first  of  a  com- 
plete missile  system  ever  conducted. 

Warheads  for  all  of  the  other  mis- 
siles in  the  U.S.  arsenal  not  previ- 
ously tested  will  also  undergo  proof 

tests,  but  not  as  complete  systems 
integrated  with  their  delivery  sys- 
tems. 

ANNA  Secrecy  Reportedly  Lifted 
The  security  curtain  which  has 

blacked  out  discussion  of  ANNA — 
a  joint  geodetic  satellite  project  for 
more  accurate  mapping  of  distances 
on  the  Earth — has  reportedly  been lifted. 

According  to  the  report,  which 
could  not  be  verified  before  M/R 
went  to  press,  Deputy  Defense  Sec- 

retary Roswell  L.  Gilpatric  took  the 
action  after  an  intensive  review  of 
the  program. 

Titov  to  Visit  U.S. 

Russian  Cosmonaut  Gherman  S. 
Titov  has  applied  for  a  visa  to  visit 
the  U.S.  from  April  30-May  7  as  a 
Soviet  delegate  to  the  third  annual 
International  Space  Conference  to  be 
held  in  Washington  this  week. 

Titov  will  present  a  paper  to  a 
bioastronautics  panel  of  the  con- 

ference— as  will  U.S.  Astronaut  Lt. 
Col.  John  H.  Glenn,  Jr. 

Welsh  Receives  Award 

Dr.  Edward  C.  Welsh,  Executive 
Secretary  of  the  National  Aeronau- 

tics and  Space  Council,  was  awarded 
the  Arnold  Air  Society  trophy  as  the 
civilian  of  1961  who  made  the  most 
outstanding  contribution  to  aero- 

space science  and  national  security. 
Circle  No.  17  on  Subscriber  Service  Card- 
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Limited  pact  sought  . 

U.S./Russia— Critical  Stage  i 

American  officials  guardedly  optimistic;  scientists 

on  both  sides  agree  to  formation  of  joint  'Weather  Watch' 

U.S.-USSR  efforts  to  cooperate  in 
space  are  reaching  the  critical  stage,  but 
top  American  officials  continue  to  ex- 

press guarded  optimism  over  the  chances 
for  a  limited  agreement. 

"I  am  encouraged  to  believe  that 
they  want  limited  cooperation,"  Dr. 
Hugh  Dryden,  top  U.S.  negotiator,  told 
Missiles  and  Rockets. 

The  same  view  was  taken  by  Dr. 
Edward  C.  Welsh,  executive  secretary 
of  the  National  Space  Council,  the 
White  House's  space  advisory  group. 

"The  preliminary  meetings  at  the 
UN  made  headway  in  creating  a  coop- 

erative atmosphere.  Up  to  this  point, 

we  have  felt  encouraged,"  said  Welsh. Both  officials  commented  following 
the  disclosure  that  U.S.  and  Russian 
scientists  in  the  World  Meteorological 
Organization  had  agreed  to  set  up  a  joint 
Weather  Watch  involving  meteorologi- 

cal satellites. 
Dryden  noted  that  this  was  not  a 

bilateral  agreement  between  the  two 
countries.  He  said  formal  agreements 
with  the  Soviets  on  space  will  hinge  on 
future  negotiations. 

Whether  these  negotiations  will  ever 
take  place  is  a  moot  point.  When  the 
preliminary  UN  talks  between  Dryden 
and  the  Soviet  Representative,  Dr.  Ana- 

toli A.  Blagonravov,  were  completed,  it 
was  indicated  future  negotiations  might 
take  place  at  the  COSPAR  meeting  in 
Washington  and  the  meeting  of  the 
UN  subcommittee  on  Outer  Space  in 
Geneva. 

•  U.S.  is  willing  — The  COSPAR 
meeting  begins  on  April  30,  but  the 
Russians  still  have  not  communicated 
any  willingness  to  get  down  to  hard 
bargaining. 

"We  are  ready  to  talk  about  limited 
cooperation  anytime  Russia  is,"  Dryden said. 

"By  limited  cooperation."  he  con- 
tinued, "I  mean  those  areas  covered  in 

President  Kennedy's  letter  to  Premier 
Khrushchev." 

He  added  that  this  does  not  include 
launch  sites  or  rockets.  An  agreement 

in  those  areas  is  a  long  time  in  the  fu- 
ture, the  NASA  official  said. 

He  also  declared  that  cooperation  in 
space  must  be  mutually  beneficial,  indi- 

cating that  the  U.S.  does  not  intend  to 
foot  the  total  bill  for  cooperative  space 
efforts. 

Besides  the  lack  of  a  firm  date  for 
negotiations,  another  possible  roadblock 
in  the  way  of  joint  space  efforts  is  the 
Soviet  reaction  to  this  country's  resump- tion of  nuclear  testing. 

It  is  quite  possible  that  Khrushchev 
will  use  the  new  nuclear  blasts  as  a 
pretext  for  breaking  off  even  prelimi- 

nary discussions.  One  high  State  De- 
partment official  said  he  feels  this  is 

doubtful.  "I  believe,"  he  said  "that Russia  is  serious  about  certain  forms  of 

space  cooperation  and  I  don't  think  it is  tied  to  either  nuclear  testing  or  dis- 

armament." Despite  their  optimism,  both  Dry- 
den and  Welsh  agreed  that  an  accord 

between  the  two  nations  is  a  long  way 
from  fruition. 

•  First  step  —  They  also  agreed, 
however,  that  the  agreement  to  coop- 

erate in  forming  the  World  Weather 
Watch  by  U.S.  and  Soviet  meteorologi- 

cal scientists  is  a  step  in  the  right  di- 
rection. 

This  is  a  grand  design  for  pooling 
data  and  resources  including  space  ve- 

hicles and  data  reduction  equipment  to 
help  chart  and  predict  global  weather. 

Groundwork  for  the  agreement  was 
laid  when  the  United  Nations  General 
Assembly  passed  a  resolution  last  Dec. 
20  calling  for  using  space  for  peaceful 
purposes,  and  subsequently  by  an  ex- 

change of  notes  between  President  Ken- 
nedy and  Premier  Khrushchev  in  which 

specific  areas  including  meteorology 
were  suggested  as  common  meeting 

grounds. 
This  new  spirit  of  cooperation  be- 

tween the  U.S.  and  USSR  resulted  in 
talks  in  Geneva  last  month  between  Dr. 
Harry  Wexler,  Research  Director  of  the 
U.S.  Department  of  Commerce  Weather 
Bureau,  and  Dr.  Viktor  A.  Bugaev, 

Assistant  Director  of  the  USSR  Hydro- 
meteorological  Service.  The  two  scien- 

tists were  attending  a  meeting  called  by 
the  Secretariat  of  the  World  Meteorol- 

ogical Organization  (WMO)  in  re- 
sponse to  a  UN  request  stemming  from 

the  December  UN  resolution. 

•  A  role  for  all — Dr.  Wexler  re- 
vealed at  a  press  conference  last  week 

that  the  recommendations  of  the  Gen- 
eva WMO  group  call  for  worldwide 

cooperation  in  weather-data  collecting 
and  processing,  and  in  setting  up  facili- 

ties where  they  are  needed.  He  added 
that  various  underdeveloped  countries 
might  want  to  get  together  to  sponsor 
regional  facilities  which  would  also 
form  part  of  a  global  network  for  re- 

ceiving data  from  weather  satellites. 
The  next  step  will  be  taken  on  May 

29  when  the  Geneva  group  sends  its 
final  report  to  the  WMO  Executive 
Committee  for  review.  After  it  is  ap- 

proved, the  report  will  be  given  to  the 
UN,  probably  by  mid-summer. 

•  USSR's  new  stand — Up  to  now, 
Soviet  scientists  have  been  boycotting 
all  WMO  meetings  concerned  with 
weather  satellites.  A  break  in  this  posi- 

tion was  evidenced  first  at  the  Geneva 

meeting  and  again  last  week  in  a  Soviet- 
authored  paper  presented  to  the  First 
International  Symposium  on  Rocket  and 
Satellite  Meteorology  (ISRSM),  meet- 

ing in  Washington,  D.C. 
Titled  "An  Investigation  of  the 

Stratosphere  by  Means  of  Meteorologi- 
cal Rockets  in  the  USSR,"  the  paper 

was  delivered  by  Dr.  Konstantin  T. 
Logvinov,  Deputy  Director  of  the  USSR 
Hydrometeorological  Service.  After  his 
talk,  he  told  newsmen  that  "Soviet 
meteorologists  will  do  their  best  to  work 
with  (other  meteorologists)  on  any  as- 

signment given  to  them  (by  WMO)." 
Affirming  that  he  and  his  colleagues 

watch  U.S.  weather  satellite  experi- 
ments with  great  interest,  he  said  his 

countrymen  were  considering  contribu- 
tions to  a  cooperative  effort. 

The  scientist  ruefully  observed  that 
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Photo  Shows  'Weather  Watch'  Potential 
NEWLY  RELEASED  photo  was  taken  at  139  miles'  altitude  from  an  Aerobee-150 
fired  from  Fort  Churchill,  Canada,  as  part  of  Arctic  Meteorology  Photo  Probe  project 
sponsored  by  NASA's  Goddard  Space  Flight  Center.  Infrared  film  and  Wratten  88- A 
filter  were  used;  camera  set  at  1/500-sec.  at  f/8. 

although  data  from  Tiros  weather  satel- 
lites are  studied  by  Soviet  meteorolo- 
gists, the  information  from  them — fur- 

nished routinely  by  the  U.S.  Weather 
Bureau  over  international  radiotele- 
typewriter  networks,  and  since  April  15 
by  radiofacsimile  transmission  of  cloud 
maps — has  only  limited  practical  value 
because  the  areas  surveyed  are  mostly 
far  from  the  Soviet. 

Logvinov  stated  that  while  the  Sov- 
iet has  no  specific  meteorological  satel- 
lite in  orbit,  some  Russian  orbiters  are 

equipped  with  "radiation  instruments 
able  to  measure  various  scientific  pa- 

rameters." He  added  that  these  satellites 
do  not  have  cameras  for  taking  pictures 
of  the  cloud  cover. 

Logvinov  spoke  last  Tuesday,  a 
day  before  TASS  announced  the  suc- 

cessful launching  of  Cosmos  III,  third 
in  a  series  of  unmanned  satellites  re- 

portedly sent  up  to  study  factors  con- 
nected with  weather,  communications, 

and  radiation  effects  on  man. 

•  Bases  for  understanding  —  The 
symposium  at  which  the  Soviet  scientist 
spoke  was  attended  by  more  than  500 
participants,  representing  over  20  na- 

tions. The  April  23-25  meeting  was 
called  to  hear  papers  on  progress  in 
meteorological  rockets  and  satellites.  It 
was  organized  by  the  World  Mete- 

orological Organization,  International 
Union  of  Geodesy  and  Geophysics,  and 
the  Committee  on  Space  Research 
(COSPAR)  of  the  International  Coun- 

cil of  Scientific  Unions. 

Many  of  the  private  and  public  dis- 
cussions held  during  the  sessions  were 

looked  upon  as  forming  bases  for  in- 
ternational cooperation  in  programs  for 

future  meteorological  vehicles,  such  as 
those  to  be  sent  up  during  the  Interna- 

tional Years  of  the  Quiet  Sun,  1964-65. 
During  this  period,  solar  activity  is  ex- 

pected to  be  at  a  minimum — in  contrast 
to  the  International  Geophysical  Year, 
when  such  activity  was  at  a  maximum. 

•  Soviet  rocket  work  —  Logvinov 
said  that  since  1951  the  Soviet  has  been 

making  regular  soundings  of  the  atmos- 
phere with  meteorological  rockets.  He 

added  that  during  the  IGY,  measure- 
ments of  weather  parameters  were  made 

by  the  Soviet  in  nearly  every  latitude. 
The  soundings  were  taken  up  to  alti- 

tudes of  80  kilometers.  Temperature 
and  pressure  measurements  were  made 
through  the  conventional  means  of  re- 

sistance thermometers  and  pirani-type 
gages.  A  mechanical  commutator  with 
an  operational  cycle  of  five  seconds  suc- 

cessively switched  on  the  instruments; 
their  outputs  were  telemetered  to  earth 
and  recorded  on  tapes. 

Wind  vectors  were  determined 
through  aerodynamics  analyses  of  the 
flight  paths  of  the  heads  of  the  sounding 
rockets,  which  were  lowered  by  para- 

chute and  tracked  by  radar. 
Here  are  some  of  the  conclusions  in 

the  Soviet  paper: 
—In  the  lower  stratosphere  up  to 

30  km  in  moderate  and  polar  latitudes, 
maximum  temperatures  occur  in  the 
beginning  of  July,  and  minimum  tem- 

peratures in  the  December-January  pe- 
riod. Above  30  km  in  moderate  lati- 

tudes, the  maximum  temperatures  are 
reached  in  the  spring;  and  in  polar  lati- 

tudes, the  maximums  are  reached  in 

June,  and  minimums  in  November. 
—  Polar  latitudes  show  an  appreci- 

ably wider  temperature-variation  than the  more  moderate  latitudes.  At  25  km 
over  the  Arctic,  the  temperatures  vary 

during  the  year  between  205°K  and 
240°K;  and  only  between  210°K  and 
230°K  in  moderate  latitudes.  Near  the 
stratopause,  these  variations  are  re- 

spectively 235-275°K  and  250-275°K. 
—In  the  upper  stratosphere,  unlike 

the  lower,  the  horizontal  temperature 
gradient  is  positive — north  is  colder 
than  south.  The  magnitude  of  the  gradi- 

ent increases  with  altitude  up  to  the 
stratopause. 

Two  oddities  were  observed:  small 
horizontal  gradients  in  the  upper  strato- 

sphere in  tropical  latitudes;  and  a  "cer- tain" shift  of  the  coldest  regions  from the  Pole  to  the  south. 
—The  Arctic  and  Antarctic  have 

differing  temperature  fields  in  the  upper 
stratosphere.  "Zonal  type  of  tempera- 

ture field  in  the  Antarctic  and  the  dis- 
tortion of  the  temperature  field  in  the 

Arctic  may  be  attributed  to  the  stability 
of  the  circumpolar  vortex  in  the  South- 

ern hemisphere  in  winter  and  to  the 
vortex  instability  in  the  Northern 

hemisphere  ..."  *♦ 
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Static  test  next  month  .  .  . 

Saturn  Schedule  Hinges  on  S-4  Firing 

SA-2  launch  called  'complete  success/  stress  now 

on  2nd-stage  development;  Ranger  4  betrayed  by  its  timer 

DEVELOPMENT  of  NASA's  Sat- 
urn booster  now  hinges  on  the  first 

static  test-firing  of  its  S-4  second  stage, 
scheduled  for  late  in  May. 

The  official  NASA  estimate  of  the 

big  booster's  future  was  made  shortly 
after  its  eight-H-1  -engine  first  stage 
thundered  aloft  last  week  from  Cape 
Canaveral  in  its  second  straight  suc- 

cessful launch. 
Dr.  Wernher  von  Braun,  Director 

of  the  Marshall  Space  Flight  Center, 
called  the  launch  "a  complete  success." It  took  some,  but  not  all,  of  the 
sting  out  of  the  fourth  straight  failure 
in  the  space  agency's  attempts  to  take 
pictures  of  the  lunar  surface  with  the 
Ranger  spacecraft. 

A  spacecraft  malfunction  in  Ranger 
4 — launched  on  April  23 — killed  any 
chance  for  the  picture  taking. 

Instead,  NASA  officials  estimated 

that  it  missed  the  moon's  leading  edge 
by  some  900  miles  and  thudded  into  the 
lunar  farside  at  9:50  A.M.  EST  on 
April  26. 

While  this  was  a  decided  setback 
to  the  U.S.  manned  lunar  landing  pro- 

gram, SA-2 — launched  on  April  25 — 
was  a  decided  boost. 

NASA  officials  declared  that  it 
proved  irrevocably  that  large  clustered 
liquid  engines  have  a  definite  place  in 
the  national  space  program. 

•  The  key — A  speedup  in  the  pro- 
gram, they  said,  will  depend  on  devel- 

opment of  the  second  stage. 
A  major  milestone  in  the  S-4  stage 

development  will  be  passed  next  month 
when  its  first  static  test-firing  will  take 
place.  A  malfunction  could  delay  the 
program  for  months. 

NASA  officials  said  that  the  S-4 

development  is  "going  along  quite  well." 
Its  first  static  test-firing,  however, 

will  leave  only  about  one  year  to  get 
it  ready  for  its  first  test  flight — sched- 

uled for  SA-5  in  mid-1963. 
It  is  powered  by  a  modified  version 

of  the  RL-10  liquid  hydrogen  engine 
which  has  caused  problems  in  the 
Centaur  launch  vehicle,  now  more  than 
a  year  behind  schedule. 

SECOND  SATURN  takes  off  on  highly 
successful  flight.  Vehicle  was  blown  up  at 
65-mile  altitude  to  create  vast  ice  cloud. 

SA-2  was  almost  a  complete  repeti- 
tion of  its  first  launch  last  Oct.  27. 

NASA  said  preliminary  data  indi- 
cated that  it  achieved  a  maximum  speed 

of  3700  miles  per  hour.  Inboard  engine 
cutoff  came  at  110  seconds  following 
launch;  outboard  engine  cutoff  was 
achieved  at  1 16  seconds  after  blast-off. 

During  the  SA-1  flight,  maximum 
velocity  was  3607  miles  per  hour.  The 
vehicle's  four  inboard  motors  burned 
for  109.37  seconds,  and  the  four  out- 

board engines  burned  for  115.15 
seconds. 

SA-2,  however,  also  accomplished 
a  new  "secondary  mission." 

The  vehicle  was  deliberately  blown 
up  at  an  altitude  of  65  miles  to  release 
the  95  tons  of  water  which  was  carried 
as  ballast  in  its  dummy  upper  stages. 

The  water  flared  into  the  highest 
ice  cloud  known  to  science  since  the 
world  began.  Space  agency  officials 
said  that  the  cloud  was  8  to  10  miles 
in  diameter  within  three  sec.  after  blast 
and  could  be  seen  for  miles. 

•  Saturn  progresses — SA-2  was  the 
second  of  10  launches  in  the  giant 
booster's  research  and  development 
schedule.  A  third  flight  is  scheduled 
for  later  this  year,  and  the  entire  series 
is  slated  for  completion  by  1964. 

It  will  then  be  ready  for  the  first 
phase  of  the  Apollo  lunar-landing  pro- 

gram— the  placement  of  the  three-man 
spacecraft  into  Earth  orbit  for  up  to  two 
weeks. 

SA-2  was  162  ft.  in  height  and 
weighed  927,000  lbs.  at  lift-off.  Its 
eight  H-l  engines  developed  a  thrust  of 
165,000  lbs.  each,  for  a  stage  thrust  of 
1.3  million  lbs.  In  later  flights,  the 
engines  will  develop  a  thrust  of  188,000 
lbs.  each  and  a  stage  thrust  of  1.5  mil- 

lion lbs. 

Main  objectives  of  the  SA-2  flight included: 

—Determination  of  the  in-flight  per- 
formance of  the  eight  booster  engines, 

the  controlling  movements  of  the  four 
gimballed  engines,  engine  cutoff  and 
propellant  utilization. 
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—Verification  of  the  structural  in- 
tegrity of  the  vehicle's  airframe,  eval- uation of  stress  at  critical  moments  of 

flight  and  determination  of  vibrations 
and  bending  modes. 

—Further  proving  of  the  launch 
facilities  and  ground  support  equipment. 

Besides  its  Project  Apollo  flights, 
other  possible  missions  for  the  Saturn 
include  launching  of  soft-landing  sta- 

tionary or  roving  payloads  of  instru- 
ments on  the  moon,  probes  to  Venus 

and  Mars,  and  24-hour  communication 
satellites,  NASA  also  said  that  the 
booster  may  be  used  for  other  manned 
Earth-orbital  experiments  and  as  a  car- 

rier vehicle  for  nuclear  propulsion  tests. 
•  Zero  for  ten — The  Ranger  4  shot 

was  the  tenth  time  that  the  U.S. 
had  launched  a  spacecraft  to  either  fly 
by,  orbit  or  hit  the  moon.  None  were 
successful,  although  a  great  deal  of 
scientific  data  has  been  sent  back  to 
Earth. 

By  comparison,  the  Russians  have 
had  two  spectacular  successes  in  three 
lunar  flights.  On  Sept.  1,  1959,  the 
USSR  put  a  metal  pennant  on  the  moon 
as  the  culmination  of  its  Lunik  II  flight. 

The  following  month,  Lunik  III  took 
pictures  of  the  far  side  of  the  moon. 

Prime  reliance  of  the  U.S.  effort  is 
now  in  the  Ranger  series,  which  has 
recorded  four  straight  failures.  In  the 
first  two  launches  the  Agena  B  failed  to 
fire  correctly;  in  the  third,  the  Atlas 
booster  malfunctioned;  and  in  Ranger 
IV,  the  spacecraft  did  not  perform correctly. 

•  Timer  fingered  —  JPL  said  that 
"on  the  basis  of  tentative  estimates  the 
problem  was  in  the  400-cycle  timer  on 
the  spacecraft."  The  timer  was  the 
"master  clock"  used  to  send  stored 
commands  from  the  spacecraft  and  to 
help  route  commands  from  Earth. 

JPL  said  that  it  hoped  to  learn  more 
following  the  study  of  telemetry  tapes 
from  the  Johannesburg,  South  Africa, 
tracking  station. 

At  launch  and  while  the  JPL  launch 
station  was  tracking  the  spacecraft,  no 
abnormalities  were  observed.  The  timer 
failed  sometime  before  the  Johannes- 

burg station  acquired  the  spacecraft. 
Engineering  telemetry  gave  the  first  in- 

dication that  something  was  wrong. 
"We  couldn't  make  sense  out  of  the 

engineering  telemetry,  and  when  we 
tried  to  send  commands,  it  didn't  re- 

spond. We  then  realized  we  weren't 
getting  proper  sequencing  in  the  timer," JPL  said. 

Contact  with  Ranger  4  was  main- 
tained via  the  main  spacecraft  trans- 

mitter and  the  50-miliwatt  tracking  bea- 
con in  the  lunar  capsule  until  10  hours, 

32  minutes  after  lift-off.  Then  the  main 
transmitter  failed,  indicating  the  silver- 
zinc  launch  battery  had  run  down. 
Failure  of  the  battery  matched  its  life- 

time of  1000  watt  hours,  JPL  said,  in- 
dicating that  the  spacecraft  had  not 

extended  its  solar  panels.  The  high-gain 
antenna  also  remained  in  its  launch 

position. With  no  power  available  and  no 
way  of  accepting  commands,  the  space- 

craft was  unable  to  provide  television 
pictures  or  trigger  launch  of  the  land- 

ing capsule. As  a  result,  JPL  estimated  that 
Ranger  4  passed  within  900  miles  of 
the  moon's  leading  edge  and  at  approxi- 

mately 9:50  A.M.  EST,  April  26,  1962, 
it  arched  to  a  6000-mile-per-hour  im- 

pact on  the  lunar  farside.  8 

NASA,  Pentagon  Try  to  Reconcile  Disagreements  over  AMR 

DOD  AND  NASA  officials  are  attempting  to  settle 
a  sharp  dispute  over  management  of  the  Atlantic  Mis- 

sile Range. 
The  major  area  of  disagreement  involves  the  amount 

of  control  NASA  will  have  over  activities  in  its  new, 
75,000-acre  manned  lunar  landing  launch  sites  at  Cape 
Canaveral. 

Specifically,  NASA  wants  to  initiate  its  own  design, 
facility  construction  and  support  activities  without  the 
approval  of  the  Air  Force — which  has  management 
responsibility  for  the  missile  range. 

Also  involved,  to  a  lesser  extent,  is  a  decision  as  to 
which  agency  will  provide  the  S3 3  million  needed  to 
purchase  10.900  acres  of  land  to  the  north  of  the  Cape. 

Details  of  the  dispute  were  revealed  in  each  agency's 
answers  to  a  questionnaire  prepared  by  the  House  Space 
Committee. 

Committee  sources  said  the  questionnaire  did  not 
constitute  an  investigation  but  was  simply  an  attempt 
to  gather  needed  information.  Officials  of  both  agencies 
said  that  no  attempt  has  yet  been  made  to  take  the 
problem  to  the  National  Space  Council,  but  that  meet- 

ings are  being  held  in  Washington  and  Cape  Canaveral 
between  Air  Force  and  NASA  officials. 

In  replying  to  the  questionnaire,  NASA  said  that 
since  it  has  primary  responsibility  for  the  manned  lunar 
landing  program,  it  "must  exercise  management  and 
funding  control  over  all  its  aspects." 

Because  of  this  responsibility,  the  space  agency  said, 

"it  is  necessary  to  follow  the  Webb-Gilpatric  agreement 
which  assigns  NASA  funding  and  management  authority 

and  designates  the  Air  Force  as  agent  to  NASA  for 

master  planning." 
DOD's  reply  said  the  word  "agent"  simply  means 

that  the  Air  Force  has  responsibility  for  fulfilling  NASA's 
needs  for  range  support  activities.  It  declared  that  range 
users  such  as  NASA  never  had  a  "right  to  site  launch 

facilities." The  question  of  responsibility  for  the  siting  of  launch 

pads  is  primarily  concerned  with  the  Air  Force's  up- 
coming Titan  III  booster. 

NASA  has  already  decided  where  it  wants  to  put  its 
Advanced  Saturn  and  Nova  pads  within  the  75,000-acre 
expansion  area  which  Congress  has  authorized.  The  Air 
Force  wants  to  put  its  Titan  pads  in  the  southern  end 
of  the  area.  This  would  force  NASA  to  relocate  its  pads, 
to  a  certain  extent. 

The  NASA  position  is  that  this  is  fine — as  long  as 
the  Air  Force  provides  the  funds  for  the  10,900  acres 
it  feels  will  be  needed  to  accommodate  all  the  pads. 

DOD,  however,  told  the  committee  only  that  it  is 
exploring  means  by  which  the  land  may  be  purchased 
if  NASA  does  not  initiate  the  action. 

One  of  the  committee's  questions  suggested  that  it 
might  be  a  good  idea  for  NASA  to  accept  overall  man- 

agement of  AMR,  so  long  as  it  provided  the  same  support 
to  all  range  users  now  provided  by  the  Air  Force. 

The  DOD  reply  questioned  "the  advisability  of  hav- 
ing an  agency  whose  primary  image  and  defined  func- 

tions are  scientific  in  nature  assume  the  responsibility 
as  range  commander  for  the  development  of  our  arsenal 
of  ballistic  weapons  and  military  applications  in  space." 
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At  Lowry  AFB 

Titan  I  Turnover 

Quickens  ICBAA  Buildup 

SAC  accepts  first  hardened  operational  squadron,  faces 

task  of  increasing  reliability  rating  of  weapon  system 

LOWRY'S  TITAN  I  complex  is  part  of  greatest  peacetime  con- 
struction job.  Some  37,550,000  cu.  yds,  of  earth  are  being  excavated. 

LAUNCH  control  officer  Capt.  Preston 
Maddocks  checks  console  in  control  center. 

Denver,  Colo.  —  One  of  the  first 
tasks  facing  the  Strategic  Air  Command 
following  acceptance  of  the  initial  Titan 
I  squadron  at  Lowry  AFB  will  be  to 
increase  the  reliability  rating  of  the 

huge  ICBM's. 
SAC  took  delivery  of  the  first  of 

six  Titan  I  squadrons  here  on  April  18 
(M/R,  April  23,  p.  10).  Another  nine- 
missile  squadron  will  go  operational shortly. 

Reliability  of  the  ICBMs  buried 
underground  in  165-ft.  silos  some  25 
miles  east  of  Denver,  was  rated  at  55% 



ONE  OF  THE  subterranean  tunnels  connecting  the  underground 
silo  and  propellant  terminal  with  the  Titan  I  blockhouse. 

on  acceptance,  the  Air  Force  said. 
This  is  expected  to  go  up  sharply 

as  Air  Force  crews  gain  experience  with 
the  Martin  missiles  and  the  under- 

ground complex.  It  already  has  in- 
creased from  a  figure  of  10%  two 

months  ago,  shortly  after  the  missiles 
were  delivered  to  the  complex  and  be- 

fore it  was  declared  operational. 
•  Fortress  underground — With  the 

Titan  missiles  secure  beneath  their  232- 
ton  concrete  doors,  the  underground 
complex  becomes  a  subterranean  fort- 

ress, secure  from  nuclear  attack  and 
hardly  visible  from  the  air. 

The  three  complexes  of  the  first 
Titan  I  squadron,  the  724th  Strategic 
Missile  Squadron,  are  separated  by  dis- 

tances of  10  to  12  miles  so  that  no 
single  nuclear  strike  could  knock  out 
more  than  three  of  the  nine  missiles  in 
the  squadron.  Complexes  of  the  second 
Lowry  squadron  are  as  much  as  50 
miles  distant. 

The  Titan  I  complex  includes  three 
missile  silos,  propellant  terminals,  an 
equipment  terminal,  a  control  center, 
living  quarters  for  the  crews,  personnel 
access  silo,  power  house,  antenna  silos, 
and  connecting  tunnels. 

The  complex  contains  sufficient  sup- 
plies of  food,  water  and  diesel  fuel  to 

remain  buttoned  up  for  a  30-day  period. 
These  include  139,000  gal.  of  diesel  oil 
and  60,000  gal.  of  water.  Crews  nor- 

mally are  rotated  on  duty  every  24 
hours,  with  one  duty  period  every  three 
days. 

The  crew  includes  two  officers  and 
nine  enlisted  men.  Five  members  of  the 
crew  are  maintenance  personnel,  six  are 
operational.  The  missile  wing  includes 
two  operational  squadrons  and  one 
maintenance  squadron. 

A  Titan  I  crew  consists  of  one  mis- 
sile combat  commander,  one  guidance 

control  officer,  one  missile  systems  ana- 
lyst, two  missile  mechanics/mainte- 

nance  technicians,  one  missile  system 

THREE  OPERATIONAL  Titan  I's  in  first  hardened  SAC 
squadron  rear  above  the  Rocky  Mountain  skyline. 

positive  action  both  from  the  command 
post  located  at  Lowry  AFB  and  from  a 
secondary  command  post  situated  in 
one  of  the  complexes.  Thus  it  takes 
positive  action  at  three  widely  separated 
locations  before  a  missile  can  be  fired. 

The  Titan  I's  are  not  equipped  for 
post-launch  destruct  but  can  be  deviated 
from  course  if  necessary  during  the 
early  stages  of  flight. 

In  the  event  the  two  antennas  lo- 
cated in  each  complex  are  destroyed  in 

a  nuclear  attack,  the  missiles  could  be 
guided  from  another  complex  which 
would  pick  them  up  after  launch. 

Blast  doors  throughout  the  under- 
ground complex  are  designed  both 

against  nuclear  blast  and  detonation  of 
a  missile  in  its  silo.  Blast  lock  to  each 
silo  consists  of  two  electrically-con- 

nected steel  doors  which  cannot  both 
be  open  at  once. 

The  underground  power  house  of 
the  complex  houses  four  diesel  genera- 

tors, each  generating  1000  kw.  Nor- 
mally, two  are  working,  one  is  kept  run- 

ning in  standby  status,  and  the  fourth 
is  shut  down.  Diesel  exhaust  is  piped 
to  the  surface. 

Also  in  the  power  house  are  ice 
banks  with  a  capacity  of  90,000  lbs.  of 
ice  as  standby  to  the  600-kw  water  chil- 

lers which  deliver  25  degree  tempera- 
ture water  throughout  the  complex. 
The  control  center,  in  addition  to 

the  control  room,  includes  mechanical 
and  electrical  maintenance  shops,  kitch- 

en and  dining  hall,  ready  rooms  for 
officers  and  airmen,  and  offices. 

Emergency  lighting  and  decontam- 
ination showers  are  provided  through- 

out the  complex.  Tunnels  10  ft.  in 
diameter  connect  the  various  centers 
of  the  complex.  Distance  from  the  silos 
at  one  end  to  the  antennas  at  the  other 
is  some  1200  ft. 

•  Fast  loading — One  of  the  features 
adding  greatly  to  the  operational  effec- (Continued  on  page  50) 

plumber,  one  refrigeration  equipment 
cooling  specialist,  two  missile  electrical 
repairmen,  and  two  electrical  power 
production  operators. 

•  Always  ready  —  Heart  of  the 
complex  is  the  deceptively  simple  con- 

trol center,  50  ft.  below  ground  and 
constantly  at  readiness.  Here,  in  front 
of  three  consoles,  sit  the  crew  com- 

mander, guidance  control  officer  and 
missile  systems  analyst,  all  armed.  The 
panels  before  them  show  the  readiness 
of  the  three  missiles,  ticking  over  quietly 
in  the  nearby  silos,  loaded  with  RP-1 
and  with  power  on. 

Some  79,500  gallons  of  liquid  oxy- 
gen are  stored  in  the  complex,  instantly 

available  for  automatic  loading  if  an 
alert  is  signalled.  LOXing  can  be  ac- 

complished underground  in  a  matter  of 
from  8  to  15  min. 

For  a  period  of  one  and  one-half 
hours  after  LOXing,  the  missiles  are 
ready  for  firing  without  further  topping. 

On  command  from  the  control  cen- 
ter, the  150-ton  missiles  can  be  raised 

to  the  surface  on  the  huge  American 
Machine  and  Foundry  elevators  in  less 
than  10  minutes. 

Due  to  Titan  I's  radio  inertial  guid- 
ance system,  the  three  missiles  in  each 

complex  cannot  be  fired  in  salvo.  The 
guidance  officer  would  track  each  mis- 

sile individually  on  its  course  for  a 
period  of  15  to  20  min.,  returning  to 
pick  up  and  guide  the  following  missile. 
All  three  missiles  could  be  launched 
from  the  complex  within  an  hour  after 
receipt  of  the  firing  order,  however. 

The  launch  console  provides  a  selec- 
tion of  three  targets  for  each  missile. 

The  courses  are  programed  on  tape. 
•  Safety  checks  —  Elaborate  pre- 

cautions are  taken  to  prevent  inadvert- 
ent launch  of  the  missiles.  Until  the 

control  center  receives  a  green  light  on 
its  enable-disable  panel,  the  control  cen- 

ter cannot  launch  any  of  its  three  mis- 
siles.   This  "unlock"  signal  requires  a 
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Pitch-up  capability  shown  .  .  . 

Air  Force  Pleased  with  Skybolt  Debut 

Many  problems  remain,  but  DOD  is  hopeful  ALBM 

may  come  close  to  meeting  late  '64  operational  date 
by  James  Trainor 

A  MAJOR  MILESTONE  for  the 
Douglas  Skybolt  air-launched  ballistic 
missile  was  achieved  last  week  with  the 
first  firing,  high  over  Cape  Canaveral, 
of  a  development  model  of  the  hyper- 

sonic missile. 
Although  the  second  stage  of  the 

solid-fueled  missile  failed  to  ignite,  Air 
Force  officials  termed  the  test-firing 
"successful."  It  proved,  they  said,  the 
missile's  "capability  to  pitch  into  a  bal- listic trajectory  after  release  from  the 
aircraft."  It  also  provided  data  on  the 
performance  of  the  missile's  solid  motors and  control  system. 

Designed  as  a  stand-off  missile  for 
B-52G  and  H  aircraft,  Skybolt  is  to 
have  an  operational  range  of  approxi- 

mately 1000  miles.  Due  to  the  second- 
stage  failure,  however,  it  fell  far  short 
of  this  range  on  its  April  19  flight.  The 
exact  cause  of  the  failure  will  not  be 
known  until  telemetry  records  of  the 
firing  are  analyzed. 

Dropped  from  the  wing  of  a  B-52G 
about  20  miles  east  of  Cape  Canaveral 
at  an  altitude  of  40,000  feet,  the  Sky- 

bolt fell  clear  of  the  aircraft  before 
igniting  and  pitching  upward  for  its 
flight  down  the  Atlantic  Missile  Range. 

The  40-ft.  missile,  under  develop- 
ment by  the  Air  Force  Systems  Com- 

mand's Aeronautical  Systems  Division 
and  Douglas  Aircraft  Co.,  was  loaded 
aboard  the  B-52G  at  the  Air  Proving 
Ground  Center,  Eglin  AFB,  Fla.,  and 
flown  to  a  predetermined  launch  area 
over  Cape  Canaveral. 

•  Operational  schedule — Scheduled 
to  become  operational  in  late  1964, 
Skybolt  will  not  only  be  deployed 
aboard  the  B-52G  and  H  aircraft  of  the 
Strategic  Air  Command  but  also  carried 
by  Britain's  Vulcan  bombers.  The  Vul- 
cans  will  carry  two  missiles;  the  B-52's will  be  able  to  carry  four  in  addition  to 
their  normal  bombing  load. 

A  British  Joint  Trials  Force,  includ- 
ing RAF  crews,  are  now  at  Eglin  AFB 

for  the  Skybolt  testing  program. 
Originally  intended  to  replace  the 

shorter-range  North  American  Hound 

AIR  FORCE  Boeing  B-52  shown  earning  four  Douglas  Skybolts  beneath  its  wing. 

Dog  missile,  Skybolt,  Defense  Depart- 
ment officials  say,  will  augment  the  500- 

mile,  air-breathing  missile.  Under  this 
change  in  plans,  SAC's  bomber  force would  have  a  mix  of  both  missiles  in 
order  to  give  them  a  greater  degree  of 
flexibility  and  to  confuse  enemy  defen- 

sive measures. 
A  B-52  jet  bomber,  however,  can 

carry  only  two  Hound  Dogs  as  opposed 
to  four  Skybolts.  Both  missiles  have  nu- 

clear warheads  and  are  expected  to 

greatly  increase  the  life  of  the  nation's manned  bomber  force  by  increasing  the 
B-52's  penetrability. 

•  Still  has  problems — Described  by 
Secretary  of  Defense  McNamara  as  "a 
highly  complex  system  operating  in  a 
new  environment,"  Skybolt  still  has 
serious  development  problems.  These 

stem  from  the  weapon's  basic  concept 
of  "putting  a  ballistic  missile  on  an  air- 

plane." thereby  subjecting  it  to  an  "en- vironment of  vibration  and  temperature 
range  that  we  have  not  experienced  be- 

fore in  connection  with  our  long-range 

missiles." The  extent  of  the  development  prob- 
lems is  well  illustrated  by  the  fact  that 

the  Skybolt  program  was  originally  esti- 
mated at  $170  million  but  is  now  closer 

to  $493  million.  Funds  allocated  so  far 
include  $149  million  in  FY  '61  and 

prior,  $146.2  million  in  FY  '62  and  an 
estimated  $130  million  in  FY  '63. 

Candidly  admitting  that  "we  still 
have  not  seen  the  end  of  the  develop- 

ment problems,"  Secretary  McNamara 
has  said  that  he  is  "less  optimistic"  than 
either  the  Air  Force  or  the  prime  con- 

tractor. Douglas,  that  the  system's  op- 
erational date  can  be  met.  "But  if  we 

can  solve  the  (development)  problems," 
he  said,  "I  think  the  delivery  date  can 
be  met,  or  won't  slip  very  much  one 

way  or  the  other." •  State  of  Soviet  art — In  heavily 
censored  testimony  before  the  House 
Defense  Appropriations  subcommittee, 
AF  officials  revealed  that  the  Russians 
have  also  been  equipping  their  strategic 
bombers  with  stand-off  missiles. 

The  Soviets'  main,  operational  air- 
to-surface  missile,  according  to  the  AF's Assistant  Chief  of  Staff  for  Intelligence, 
Maj.  Gen.  Robert  A.  Breitweiser,  is  a 
cruise  missile  mounted  on  a  four-engine 
turboprop  heavy  bomber. 

However,  Gen.  Breitweiser  said,  in 
addition  to  cruise  missiles  on  its  medium 
jets,  the  Russians  revealed  last  summer 
on  their  new  supersonic  medium  jet 
bomber,  the  Blinder,  "a  new  type  of  air- 
to-surface  missile  more  sophisticated 
and  advanced  than  others.  It  is  a  much 

better  missile,"  he  added.  8 
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TOUCHDOWN 

ON  THE 

FIRST  PASS 

A  new  air  traffic  surveillance  system,  Texas  Instruments  ASR-4, 
provides  accurate  position  information  on  this  jetliner  and  other 
traffic  within  60  miles.  Result:  touchdown  on  the  first  pass. 

■  The  ASR-4  is  industry's  answer  to 
a  Federal  Aviation  Agency  request: 

"Develop  a  surveillance  radar  system 
to  reduce  field-approach  congestion  and 

minimize  stack-up  time  at  U.  S.  air- 

ports —  make  it  operate  reliably  in  all 

weather  —  continuously  for  20  years." 
■  Many  air  terminals  already  have  the 
TI  ASR-4.  Custom  modifications  to  this 

versatile  radar  system  can  be  made  to 

meet  your  organization's  requirements. 

Texas  Instruments 
INCORPORATED 
6  000  LEMMON  AVENUE 
P    O    BOX  60IS    ■    DALLAS  2  2.  TEXAS 

Look  to  TI  for  answers  to 

your  radar  problems  in- 
•  air  surveillance 

•  ground  surveillance 
•  submarine  detection 

•  missile  guidance 
•  fire  control 

APPARATUS  DIVISION 
PLANTS  tN  DALLAS 

AND  HOUSTON  TEXAS 



^EMCo: AOTORS 

THE  THREE 

STAGE
S 

depend  upon  three  auxiliary  power  packages.  Each  is  driven  by  a  small-size  big-output  motor  capable 
of  delivering  the  order  of  reliability  and  performance  demanded  for  Minuteman.  They  are  products  of 

Eemco  Division  of  Electronic  Specialty  Co.,  which  has  been  providing  missile,  space,  and  aircraft 

industries  with  custom  motors,  actuators,  and  starter-generators  for  20  years.  For  complete,  specific 

information  on      _       Eemco  Minuteman-proved  products,  just  write  or  call. 
GENERAL  REQUIREMENTS: 

2  circuit  radio  noise  filters  for  ungrounded  return;  Explosion-proof;  Fluid resistant  (MIL-H-5606  fluid);  Air  Ambient  +32°F.  to  325°F.;  Sustained  Accel- eration; 25  g.  perpendicular  to  mtg.  flange:  Shock:  100  g.;  Temperature sensing  element  imbedded  in  stator  windings;  General  environmental  con- ditions per  MIL-M-8609A,  class  B;  Resistance  to  ground:  10  meg-ohms  min. 

5  to  50  cps 50  to  2.000  cps 5  to  25  cps 25  to  50  cps 
50  to  1 ,000  CPS 
1,000  to  2.000  CPS 

6  g's  RMS 
12  g's  RMS 0.1  g^/cps 0.3  g'/cps 0.6  q*  /cps 

rolled  off  at  12db/octave from  1 .000  cps  value 

D-1356  (First  Stage) 
Maximum  Duty:  5.2  H.P.,  12.500  RPM,  24 Volts.  208  Amps.  78%  Efficiency. 
5  Min.  Duty:  3.6  H.P..  16.100  RPM.  28  Volts. 122  Amps,  78%  Efficiency,  Altitude  — 0  to 100,000  feet.  Lite:  100  cycles  of  5  min.  duty. Weight:  10.8  lbs.,  incl.  filter. 

SPECIFIC  REQUIREMENTS: 
D-1298  (Second  Stage) 
Maximum  Duty:  4,37  H  P,,  12.700  RPM,  24 Volts.  188  Amps.  76%  Efficiency. 
5  Min.  Duty:  3.12  H.P..  16,900  RPM.  28  Volts. 
113  Amps,  74%  Efficiency,  Altitude— 0  to 300,000  feet,  Life:  100  cycles  of  5  min.  duty, Weight:  9.1  lbs. 

D-1302  (Third  Stage) 
Maximum  Duty:  1,35  H.P.,  14,500  RPM.  24 Volts.  63  Amps,  66%  Efficiency. 5  Min.  Duty:  1.13  H.P.,  19,100  RPM.  28 
Volts.  44  Amps,  68%  Etficiency,  Altitude  — 0 to  300.000  feet.  Life:  100  cycles  of  5  min.  duty. Weight  4.1  lbs. 

ELECTRONIC  SPECIALTY  CO.,  Eemco  Division  •  4612  W.  Jefferson  Blvd.,  Los  Angeles  16,  Calif.  REpublic  3-0151 
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Technical  Countdown 

ELECTRONICS 

Laser  Modulation  System  Developed 

A  ruby  laser  modulation  system  using  a  Kerr  cell  shutter 
and  associated  equipment  has  been  designed  by  Electro- 
Optical  Instruments  Inc.  for  application  in  optical  harmonic 
generation.  The  nitrobenzene-filled  Kerr  cell  shutter  can 
easily  fit  within  ruby  laser  cavities  as  a  Q  spoiler  for  opera- 

tion in  the  pulse  reflector  mode,  or  in  a  number  of  other 
possible  modes.  The  Kerr  cells  are  hermetically  sealed  and 
include  integral  expansion  bellows. 

Rare  Earth-Doped  Liquids  for  Lasers 

Semi-Elements  Inc.  is  investigating  the  effect  of  doping 
liquid  lasers  with  rare  earths.  The  frequency  of  the  output 
can  be  varied  by  introducing  a  second  impurity.  The  firm 
has  been  successful  in  putting  gadolinium,  neodymium  and 
samarium  into  a  liquid  concentrate.  The  concentrations  are 
5%  Gd,  2%  Sa,  and  2%  Nd,  all  in  liquid  concentrates. 

Saturn  Ground  Computer  Contract  Awarded 

Three  ground  computer  systems  to  support  the  Saturn 
vehicle  program  will  be  built  and  installed  by  RCA  under 
a  $1.9-million  NASA  contract.  The  units  will  be  delivered 
to  three  Marshall  Space  Flight  Center  installations,  including 
Launch  Complex  37  at  Cape  Canaveral.  The  primary  func- 

tion of  the  system  is  to  provide  automatic  launch  control 
and  checkout  capability,  to  enhance  reliability,  and  to 
handle  the  rapid  and  precisely  timed  launches  anticipated 
in  the  Saturn  program.  The  RCA  110  computer  is  the 
heart  of  the  system. 

Azusa  Mark  I  Moves  to  the  Bahamas 

In  a  major  cost-cutting  move,  the  Air  Force  has  com- 
pleted transferring  the  General  Dynamics  Azusa  Mark  I 

missile  tracking  system  from  Cape  Canaveral  to  Grand 
Bahama  Island.  The  move  downrange  cost  about  25% 
as  much  as  installing  a  new  system.  The  Azusa  Mark  II 
took  over  the  Mark  I's  functions  at  Canaveral  in  April, 
1961.  The  downrange  facility  eliminates  the  exhaust  block- 

age condition  existing  at  Cape  tracking  facilities  when 
tracking  solid-fueled  missiles. 

ADVANCED  MATERIALS 

Drastic  Surface  Effects  Found  in  Metals 

Changes  in  strength,  plasticity  and  fatigue  life  of  metals 
may  be  produced  by  removing  surface  layers  of  atoms,  says 
Dr.  I.  R.  Kramer  of  Martin  Co.  Space  Systems  Division. 
One  series  of  experiments  aimed  at  removing  surface  layers 
were  conducted  with  the  sample  bars  in  an  electrolytic  bath. 
As  the  surface  was  slowly  etched  away,  the  bars  were  pulled 
to  determine  plastic  deformation  characteristics.  Kramer 
found  that  dislocations  collect  in  a  sub-microscopic  layer 
at  the  surface  of  metal  specimens. 

Plutonium  Standard  Now  Available 

The  Atomic  Energy  Commission  has  prepared  a  stand- 
ard chemical  sample  of  plutonium  with  a  purity  of  99.97%. 

In  cooperation  with  the  National  Bureau  of  Standards,  the 
sample  (No.  949)  is  available  as  a  comparison  standard 
for  all  plutonium  chemical  analysis.  The  standard  was  pre- 

pared by  bomb  reduction  and  then  purified  by  electrore- 
fining.  Only  persons  licensed  by  the  Commission  and  AEC 
contractors  may  obtain  the  samples. 

Plasma  'Eater'  Measures  Flow  Rate 

A  set  of  magnetic  Venetian  blinds  which  measure  the 
flow  rate,  velocity  and  density  of  plasmas  has  been  per- 

fected by  scientists  at  the  Oak  Ridge  National  Laboratory. 
The  device  is  a  stack  of  metal  plates  placed  across  the 
plasma  stream.  The  plasma  normally  flows  between  the 
plates,  but  if  alternate  plates  are  connected  to  a  high  voltage, 
the  plasma  is  pulled  apart  electrically.  Electrons  and  ions 
are  collected  on  positive  and  negative  plates  respectively. 
As  the  plasma  is  "eaten,"  the  device  gives  the  rate  of  flow. 
Once  the  source  is  turned  off,  only  the  plasma  in  the 
magnetic  field  flows  to  the  eater.  The  density  is  calculated 
by  knowing  the  volume  and  how  much  was  retained electrically. 

Para-Hydrogen  Functions  Released 

The  National  Bureau  of  Standards  has  computed  tabular 
values  of  internal  energy,  enthalpy  and  entropy  of  para- 
hydrogen.  The  properties  are  presented  together  with  specific 
volume  as  functions  of  temperature  and  pressure.  The  data 
covers  the  temperature  range  20°  to  100°K  at  pressures 
up  to  340  atmospheres. 

PROPULSION 

Longest  Duration  Solid  Fired 

A  35-ton  segmented  solid  booster  reached  a  firing  dura- 
tion of  130  seconds  in  a  recent  test  at  United  Technology 

Corp.  The  unit  developed  a  programed  thrust  of  slightly 
more  than  100,000  lbs.  for  the  entire  burning  time.  An 
advanced  thrust  vector  control  system  and  a  new,  extended- 
duration  nozzle  performed  as  planned  during  the  test.  The 
nozzle  can  be  directly  extrapolated  to  the  huge  sizes  necessary 
in  multimillion-pound  solid  boosters. 

SPACE  MEDICINE 

Soviets  Synthesizing  Radiation  Pill  Derivatives 

Methods  for  synthesizing  sulfur-containing  pyridoxine 
derivatives  to  be  used  as  radiation  resistance  boosters  for 
astronauts  have  been  developed  at  the  Institute  of  Experi- 

mental Medicine  of  the  USSR  Academy  of  Medical 
Sciences.  Isothiuronium  and  disulfide  derivatives  of  pyri- 

doxine from  the  corresponding  halogen  derivatives  have 
been  obtained  from  the  isopyropylidene  derivatives  of  5- 
chloropyridoxine. 

missiles  and  rockets,  April  30,  1962 23 



Here's  another  reason  why 

The  Du  Pont  Metals  Center 

is  the  only  refractory  metals  plant  of  its  kind 

You  won't  find  another  extrusion  press 
like  this  in  the  U.  S.  It's  the  only  one 
designed  expressly  for  columbium  and 
other  refractory  metals. 

It's  unique  in  many  ways. 
The  induction  furnace  on  the  left 

provides  contamination-free  heating  of 
the  billets  prior  to  extrusion. 

A  specially  designed  rapid  transfer 
mechanism  quickly  shuttles  the  billets 



to  the  extrusion  press,  minimizing  con- 
tamination and  heat  loss. 

The  press  itself  is  a  high-speed  2750- 
ton  unit  with  maximum  ram  speed  of 
10"  to  15"  per  second  at  2300  tons  and 
7"  per  second  at  2500  tons. 

This  is  just  part  of  the  remarkable 
Du  Pont  Metals  Center,  the  only  re- 

fractory metals  plant  of  its  kind— spe- 
cially developed  from  top  to  bottom 

Circle  No.  3  on  Subscriber  Service  Card 

for  the  production  of  refractory  metals. 
Du  Pont  produces  ingots,  billets, 

bars,  sheet,  strip,  plate,  tube  hollows  and 
shaped  extrusions.  At  the  Metals  Cen- 

ter we  are  currently  producing  Du  Pont- 
developed  D-14,  D-31,  D-36  and  other 
columbium  alloys.  The  Center  can  also 
handle  conversions  for  other  makers  of 
refractory  alloys  and  super-alloys. 

If  you  are  a  prime  contractor  to  mili- 

tary and  government  agencies,  or  in- 
volved in  projects  requiring  applica- 

tions for  refractory  metals,  we  invite 
you  to  discuss  your  needs  with  one  of 
Du  Pont's  experienced  metallurgical 
engineers.  For  a  Data  Sheet  on  Du  Pont 
Metal  Products,  write  to  Du  Pont, 
D-2060.  Wilmington  98,  Delaware. 

THE  DU  PONT  METALS  CENTER  (jUJDB^ 
Better  Things  for  Better  Living  .  .  .  Through  Chemistry  » ,  ..-c»- 



management 

How  Boeing  Won  Big  Saturn  Award 

Company  built  up  booster  capability  for 

three  years  before  achieving  first  big  contract 
by  Robert  L.  Twiss 

THE  INTENSIVE  three-year  effort 
of  The  Boeing  Co.  to  break  into  the 
rocket-booster  field  is  a  good  example 
of  how  hard  aerospace  industry  com- 

panies must  work  to  broaden  their  prod- 
uct base. 
Boeing  decided  several  years  ago 

that  booster  work  would  be  a  logical 
goal  in  view  of  the  increasingly  rapid 
pace  of  the  U.S.  space  program  and  the 
company's  own  technological  back- 
ground. 

The  Seattle  firm's  first  proposal — to 
win  development  work  on  the  Scout 
four-stage  solid-rocket  system  —  was 
turned  in  to  the  National  Aeronautics 
and  Space  Administration  in  March. 
1959. 

But  it  wasn't  until  December,  1961, 
that  Boeing's  determination  to  enter  the 
booster  field  paid  off  with  a  substantial 
program.   Just   before   Christmas  the 

space  agency  named  Boeing  to  develop 
the  huge  Advanced  Saturn  booster,  a 
cluster  of  five  Rocketdyne  F-l  1,500,- 
000-lb. -thrust  engines. 

Part  of  the  Boeing  Saturn  story  is 
well-known.  A  team  headed  by  George 
H.  Stoner,  now  Boeing's  Saturn  branch 
manager,  directed  one  of  the  most  in- 

tensive proposal  efforts  in  Boeing's  his- tory in  the  keenly  competitive  Advanced 
Saturn  contest. 

This  achievement,  as  Boeing  presi- 
dent William  M.  Allen  pointed  out 

later,  was  a  "remarkable  job." 
•  Gains  with  pains — The  successful 

Advanced  Saturn  proposal  had  its  be- 
ginning in  the  strenuous  but  unsuccess- 

ful bid  by  a  different  Boeing  group  to 
win  the  Scout  award. 

In  losing  that  competition,  the  Boe- 
ing proposal  team,  headed  by  Douglas 

E.    Serrill,    achieved    two  important 

HARLOWE  LON GFELDER  (left),  manager  of  Advanced  Space  Systems 
Department,  and  Hua  Lin,  unit  chief  of  Advanced  Missile  Systems,  Aerospace  Division. 

"firsts"  for  the  company.  It  marked 
Boeing's  first  business  contact  with  the 
space  agency  and  also  served  as  the 
company's  introduction  to  booster  sys- tems for  launching  payloads  into  space. 

Serrill  and  his  associates,  after  losing 
the  Scout  bid,  went  back  to  tedious  pre- 

liminary design  studies,  this  time  in  the 
area  of  large  boosters.  Of  particular 
interest  to  the  group  were  lunar  and 
earth-orbital  system  studies  involving 
Saturn  and  Nova  boosters. 

Events  began  moving  rapidly.  Many 
of  them  were  to  have  a  bearing  on  the 
Boeing  Saturn  S-fC  proposal  two  years 
later. 

In  a  move  to  combine  a  variety  of 
talents  and  organizations  into  a  single 
organization  to  cope  with  Space-Age 
assignments,  Boeing  formed  its  Aero- 

space Division.  One  outcome  of  this 
was  the  establishment  of  the  Booster 
and  Space  Vehicle  Section  under  Har- 
lowe  Longfelder.  Serrill  was  one  of 
Longfelder's  key  men. On  the  other  side  of  the  United 
States,  meanwhile,  a  committee  com- 

posed of  officials  from  NASA,  the 
Army  Ballistic  Missile  Agency  and  the 
Department  of  Defense  met  and  recom- 

mended the  use  of  hydrogen  and  oxygen 
as  fuels  in  the  upper  stages  of  the  pro- 

posed Saturn  booster. 
That  decision  was  a  blow  to  Boe- 

ing's hopes  of  winning  future  business 
in  the  Saturn  program.  Despite  its  tech- 

nological depth,  the  company  had  only 
limited  experience  with  the  cryogenic 
fuels.  Clearly,  if  Boeing  meant  to  es- 

tablish a  foothold  in  the  booster  field, 
it  had  considerable  ground  to  cover  in 
this  vital  area  of  study. 

Boeing  management  authorized  re- 
search studies  and  the  expansion  of  its 

new  Tulalip  Test  Site  facilities,  about 
30  miles  north  of  Seattle  on  Tulalip 
Indian  Tribe  land,  to  include  work  with 
cryogenic  propellants. 

The  llth-hour  "cram"  session  got under  way. 
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Slosh  tests  were  conducted  with 
hydrogen  to  determine  the  effect  of  the 
liquid  fuel  on  controlling  boosters  in 
flight.  Steel  and  aluminum  tanks  were 
purposely  blown  apart,  in  a  study  of  the 
behavior  of  metals  at  extremely  low 
temperatures.  Welding  techniques  were 
studied  and  improved. 

The  test  of  how  much  Boeing  had 
learned  was  not  long  in  coming. 

Boeing  was  invited  to  submit  a  pro- 
posal on  the  Saturn  S-IV  stage.  This 

was  its  first  big  venture  toward  getting 
large  liquid-rocket  business  in  the  field 
of  high-energy  cryogenic  propellants. 

Boeing  didn't  confound  the  experts 
in  that  competition.  Its  S-IV  proposal 
failed.  Boeing  research  and  ingenuity, 
however,  seemed  to  be  building  the 
right  foundation.  Reports  indicated  it 
had  placed  well  up  in  the  contest. 

Longfelder  and  other  members  of 
the  team — Serrill,  John  Cully,  Hans 
Bebie,  Hua  Lin,  Hal  McClellan  and 
others — took  stock  of  the  Boeing  booster 
progress  when  results  of  the  S-IV  con- 

test were  received. 

•  Strengthening — The  group  could 
see  shortcomings  in  the  Boeing  pro- 

posal; they  determined  to  correct  them 
for  future  competitions. 

"For  one  thing,  we  had  to  strengthen 
our  associations  with  the  technical  per- 

sonnel at  NASA,"  Longfelder  said.  "We 
had  to  keep  in  touch  better,  develop  a 
technical  and  management  interchange 
of  ideas  and  more  clearly  demonstrate 
the  accomplishments  of  our  work  in 
Seattle." 

Serrill  saw  to  it  that  key  personnel 
in  the  company's  new  business  and 
technical  staff  groups  got  in  touch  with 
NASA  at  regular  intervals.  Top  man- 

agement officials  in  the  Boeing  Aero- 
space Division  also  were  brought  in 

touch  with  space  agency  officials. 
NASA  personnel  were  invited  to 

visit  Boeing's  Seattle  facilities.  The  cry- 
ogenic program  was  accelerated. 

But  success  continued  to  elude  Boe- 
ing's efforts  in  the  second  half  of  1960. 

First,  the  company  lost  out  on  bids  to 
win  booster  study  contracts.  In  Octo- 

ber, 1960,  Boeing  sought  to  win  the 
contract  to  build  the  70-in.-dia.  propel- 
lant  tanks  for  Saturn  S-l.  Confident  now 
of  its  ability  to  build  the  tanks  for 
cryogenic  fuel,  it  hoped  to  use  this  job 
as  a  stepping  stone  to  the  S-l  assembly 
and  test  contract,  which  loomed  in  the 
future. 

Out  of  13  original  proposals  sub- 
mitted to  the  space  agency,  the  Boeing 

bid  was  one  of  four  selected  for  final 
competitive  negotiation.  Boeing  lost. 

"It  was  a  tough  one  to  lose,"  Serrill recalled. 
But  the  booster  work  went  on. 
To  further  strengthen  its  communi- 

cations link  with  NASA,  Boeing  opened 
an  office  at  Huntsville,  Ala.,  site  of  the 

DOUGLAS  E.  SERRILL,  assistant  director 
of  engineering,   Saturn   Booster  Branch. 

Marshall  Space  Flight  Center.  T.  P. 

Snow,  for  10  years  one  of  Boeing's officials  working  with  the  Air  Force  in 
Dayton,  Ohio,  was  named  to  head  the 
office. 

In  April,  1961,  Boeing  decided  to 
pass  up  an  opportunity  to  bid  on  the 
Saturn  S-II  contract.  One  requirement 
was  for  a  large  land  test  area  adjoining 
or  close  to  water  transportation.  Boeing 
lacked  such  an  area. 

BOEING'S  Saturn  S-4  proposal.  Company 
lost  but  placed  high  in  competition. 

In  hopes  of  improving  its  capability 
in  this  respect,  the  company  began 
negotiating  with  the  State  of  Oregon 
for  a  potential  test  site  in  the  Boardman 
area  of  Northeast  Oregon,  adjoining  the 
Columbia  River. 

•  Pay  off— In  May,  1961,  Serrill's 
group  submitted  a  proposal  to  NASA 
for  a  study  involving  the  clustering  of 
large  solid  rocket  boosters  for  space 
missions.  This  time,  the  Boeing  efforts 

paid  off. In  July  it  was  announced  that  Boe- 
ing had  been  given  an  assignment  to 

determine  the  most  effective  method  of 
clustering  large  solid  boosters  for  space 
flight.  The  contract  amounted  to  about 
$100,000,  but  it  was  worth  considerably 
more  to  Boeing  in  terms  of  new  hope 
for  a  future  in  boosters. 

Meanwhile,  Serrill's  booster  section 
had  been  investigating  the  company's 
ability  to  assemble  and  test  the  first 
stage  of  the  Saturn  launching  vehicle, 
which  NASA  was  working  on  at  Hunts- 

ville. The  job  eventually  would  be 
turned  over  to  an  industrial  contractor, 
and  Longfelder  and  Serrill  were  con- 

vinced Boeing  could  handle  it. 
In  July,  1961,  Robert  H.  Jewett, 

vice  president  and  assistant  general 
manager  of  the  Aerospace  Division,  and 
Serrill  went  to  Huntsville  and  Washing- 

ton, D.C.,  to  learn  more  about  it. 
Briefings  from  space  agency  officials 

satisfied  them  that  Boeing,  with  all  of 
its  background,  could  win  the  Saturn 
assignment — if  it  could  generate  a  top 

proposal. Two  competitions  were  involved — one  for  the  S-l  and  one  for  the 
larger  Advanced  Saturn  booster  stage, 
the  S-1C. 

The  responsibility  for  shaping  these 
proposals  was  given  to  the  team  headed 
by  Stoner,  who  had  been  a  key  man  in 
Boeing's  early  Dyna-Soar  space-glider efforts. 

Relying  heavily  on  information  and 
experience  gained  by  Longfelder's  group, the  Stoner  team  went  to  work.  What 
happened  is  aerospace-industry  history: 
the  Chrysler  Corp.  won  the  S-l  and 
Boeing  the  S-1C. 

The  major  part  of  the  S-l C  assign- ment, of  course,  still  remains  to  be 
accomplished.  Serrill,  who  earned  a 
permanent  place  on  the  Saturn  team 
will  be  a  part  of  Boeing's  work  force 
at  the  Michoud  plant  in  Louisiana,  be- 

lieves reliability  will  be  a  critical  factor. 
"When  you  consider  the  cost  of  each 

of  the  first-stage  boosters,  or  for  that 
matter,  the  potential  loss  of  the  upper 
stages  and  payloads  in  the  event  of 
failure  to  the  first  stage  during  launch, 
you  can  understand  the  importance  of 

being  right  the  first  time,"  Serrill  said. "This  will  be  one  of  the  most  challeng- 
ing technical  jobs  that  Boeing  has  ever 

undertaken." missiles  and  rockets,  April  30,  1962 27 



electronics 

Photopot'  Qualifies  for  Many  Jobs 

GianninVs  new  solid-state  potentiometer  with 

no  moving  parts  has  wide  range  of  future  applications 
by  Arthur  H.  Collins 

Duarte,  Calif.  —  A  recently  de- 
veloped solid-state  potentiometer  with 

no  moving  parts  is  expected  to  find  wide 
application  in  instrumentation  and  data 
systems — with  additional  possibilities  in 
star-seeking  navigation  systems  or  nu- 

clear blast  detection. 
The  versatile  device  has  been  dubbed 

Photopot  by  its  developers,  the  Solid 
State  Physics  Group,  Giannini  Controls 
Corp.  It  is  an  electro-optical  semicon- 

ductor analog  of  the  mechanically  op- 
erated potentiometer.  The  mechanical 

wiper  arm  of  conventional  potentiom- 
eters has  been  replaced  by  a  tiny  light 

beam. 

The  photopot  consists  of  a  photo- 
conductive  crystal  containing  parallel 
deposits  of  a  resistive  film  strip  and  a 
non-resistive  collector.  Voltage  applied 
to  the  resistive  strip  is  divided  by  light 
falling  upon  the  photoconductive  gap. 
The  photoconductive  material  acts  as  an 
insulator  when  in  the  dark  or  as  a  con- 

ductor when  illuminated.  A  small  light 
beam  serves  as  an  electrical  connection 
only  at  that  position  where  it  connects 
the  resistive  and  conductive  strips. 

The  photopot  is  insensitive  to 
changes  of  light  intensity  over  very 
wide  limits.  It  operates  on  low  d-c  volt- 

age (5  to  50  volts),  offering  outputs 
of  either  ac  or  dc  without  need  for 
amplification.  Output  voltage  is  a  linear 
function  of  light  beam  displacement  on 
the  crystal,  but  functional  outputs  can 
be  obtained  for  any  special  application. 

•  Utilization — Two  typical  methods 
are  employed.  The  first  consists  of  a 
fixed  shield  covering  all  but  a  narrow 
slit  opening  to  the  photoconductive 
crystal  and  placed  at  a  small  distance 
from  the  crystal.  Light  source  move- 

ment is  sensed  as  an  angular  displace- 
ment since  the  beam  of  light  is  in  a 

direct  line  from  the  source,  through  the 
slit,  to  the  photoconductor. 

The  second  method  involves  a  light 
source  fixed  with  respect  to  the  photo- 

pot, and  a  movable  shield  with  its  slit. 
Mechanical  movement  of  the  shield  is 
sensed  and  translated  into  voltage  with- 

out the  use  of  friction-operated  me- 
chanical wiper  arms.  Output  voltage  is 
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DETAILED  physical  specifications  of  the  photopot  and  its  equivalent  circuit. 

a  linear  function  of  light  beam  displace- 
ment on  the  crystal. 

There  are  many  photopot  applica- 
tions. It  is  best  suited  for  direct  light- 

position  measurements,  says  Giannini, 
pointing  out  that  angular  displacement 
down  to  tens  of  arc-seconds  can  be 
clearly  resolved.  Possible  applications 
include: 

(1)  Nuclear  blast  detection:  The 
photopot  could  be  used  as  an 
atmospheric  nuclear  blast  de- tector. Because  the  device  is 
entirely  solid  state  and  not  a 
seismic  indicator,  it  would  not 
be  "fooled"  by  an  earthquake. 

Light  intensity  from  a  20 
kt.  bomb  will  operate  the  de- 

vice at  many  miles  from  det- 
onation. Blast  yield  may  be  cal- 
culated by  comparing  light 

intensity  against  time.  A  photo- 
metric device  coupled  with  a 

photopot  could  form  a  remote 
station  to  provide  blast  position 
and  yield. 

(2)  Optical  activated  potentiomet- 
ers: Pressure,  temperature  and 

accelerometer  instruments  fall 
into  this  category.  Giannini 
says  the  photopot  offers  noise- 
free  operation,  with  no  me- 

chanical contact  problems  of 
wear  and  skipping.  Lack  of 
parasitic  voltages  in  the  photo- 

pot makes  the  device  useful 

in  many  specific  applications. 
Further  and  equally  important, 
the  company  notes,  noise  levels 
will  not  build  up  with  use  or 
time.  Frictionless  properties  of 
the  device  avoids  hysteresis 

and  "dead  spots." 
(3)  Direct  analog  conversion  of 

signal  shape:  Giannini  has  dem- onstrated photopot  capability 
to  translate  linear  motion  into 

a  programed  non-linear  output 
and  vice  versa.  This  data  proc- 

essing technique  may  be  em- 
ployed in  many  applications  or 

used  for  its  own  sake.  The  data 
program  to  be  followed  may 
be  built  into  photopot  system 
optics,  eliminating  additional 
components. 

(4)  A  frictionless,  noise-free  poten- 
tiometer: No  mechanical  wiper 

arm  is  used. 

(5)  A  linear  position  sensor:  Pho- 
topot output  voltage  is  a  linear 

function  of  light  beam  dis- 
placement of  the  crystal. 

(6)  Stellar-body  position  indicator: 
For  navigation  of  missiles  and 
satellites. 

(7)  Look-angle  indicator:  To  track 
the  position  of  a  fast-moving 
flare,  where  systems  rely  wholly 
on  sensor  ability  to  follow  posi- 

tion changes   at  high  speed. 
(Continued  on  page  37) 
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Running  hull  configuration  tests  in  the  model 

testing  basin  at  FMC's  San  Jose,  California  plant. 
,  :!     _  J^s£^l  _  JM  '^mmoSM 

ENGINEERS—  PUT   YOUR   IDEAS    TO  WORK 

at  FMC  ORDNANCE! 

THE  CHALLENGE:  To  transport  heavy  cargoes  of  troops  and  supplies  swiftly  from 
ship  to  shore  and  across  the  beach  and  on  to  inland  supply  points,  avoiding  unloading 
and  reloading  in  the  exposed  shoreline  area. 

THE  ANSWER:  Working  under  U.S.  Navy  contracts,  FMC  engineers  are  now  devel- 
oping two  specialized  amphibious  vehicles  —  the  LCA  (Landing  Craft  Assault) ,  and  the 

LVH  (Landing  Vehicle  Hydrofoil) .  Both  projects  are  typical  of  the  many  FMC  Ordnance 
Division  programs  that  are  creating  unusual  career  opportunities  for  skilled,  imaginative 
engineers.  Interested?  See  below. 

For  details  on  employment  opportu- 
nities, write  Mr.  George  A.  Reynolds, 

Manager  of  Development  Engineer- 
ing, FMC  Ordnance  Division,  P.O. 

Box  367,  San  Jose,  Calif.  Include 
resume  of  background  and  profes- 

sional qualifications. 

FMC  CORPORATION 

ORDNANCE  DIVISION 
'  ®     San  Jose,  California  •  Charleston,  West  Virginia 

PUTTING   IDEAS    TO    WORK  FOR  NATIONAL  DEFENSE 

Circle  No.  4  on  Subscriber  Service  Card 
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Lamtex 

Progress 

In  Reinforced 

Plastics: 

A  VITAL  FACTOR  IN  SPACE  AGE  TECHNOLOGY 

An  important  though  unheralded  American  triumph  in  the  space 
era  has  been  the  success  achieved  in  developing  new  materials 
to  shoulder  the  critical  burdens  that  conventional  materials 
cannot  bear.  Lamtex  Industries,  Inc.  has  been  in  the  forefront 
of  this  development,  making  significant  contributions  to  the 
state-of-the-art  of  modern  reinforced  plastics.  Advanced  Lamtex 
research,  processes,  and  equipment  have  broken  through  rigid 
material  design  conventions  by  providing  optimum  quality 
reinforced  plastics  for  crucial  tasks  in  space,  military  weapons 
systems,  underseas,  and  to  meet  the  more  exacting 
demands  of  industry. 

Lamtex  reinforced  plastic  products  outstrip  ordinary  materials  by 
any  measure.  Compared  to  steel,  for  example,  HYSTRAN® — 
Lamtex's  exclusive  filament  wound  reinforced  plastic — weighs 
half  as  much,  has  a  strength-to-weight  ratio  270%  higher,  and  cuts 
R&D,  tooling  and  production  costs  by  more  than  50%.  As  much  as 
two  years'  faster  delivery  can  be  made  of  Lamtex  HYSTRAN 
rocket  engine  cases  than  of  steel  cases.  If  you're  keeping  score, also  add  these  advantages  resulting  from  the  use  of  Lamtex 
reinforced  plastics:  superior  thermal  and  electrical  insulation; 
greater  resistance  to  corrosion,  impact  and  shattering;  the  safety 
of  being  non-magnetic  and  non-sparking;  absence  of  notch 
sensitivity  problems;  wider  versatility  in  choice  of  size  and  shape. 
As  befits  a  leader  in  its  field,  Lamtex  offers  the  broadest  line  of 
high  quality  reinforced  plastics.  HYSTRAN  filament  wound 
structures  are  solving  design  and  material  problems  previously 
considered  impossible  or  highly  impractical.  Lamtex's  Custom Molding  Facilities  are  capable  of  producing  parts  and  assemblies 
in  a  wide  range  of  sizes,  shapes,  and  cross-sections  by 
Matched-Die,  Autoclave,  and  Vacuum  Bag  processes.  "Sheet" 
HYSTRAN  is  a  unique  new  raw  material  combining 
the  shape  flexibility  of  molding  with  the  strength  preorientation 
of  filament  winding. 

Some  of  the  major  space,  military  and  commercial  projects 
currently  using  Lamtex  reinforced  plastics  include:  MINUTEMAN, 
MERCURY,  POLARIS,  PERSHING,  SCOUT,  BOMARC,  RANGER, 
NIKE-ZEUS,  VORTAC,  DISCOVERER,  BOLT,  LAW  and  a  variety 
of  NASA  projects. 

Whether  your  material  problem  involves  weight,  stress, 
temperature,  corrosion,  insulation  or  any  combination  of  those 
factors,  Lamtex  reinforced  plastics  can  probably  help  you. 
Complete  technical  and  cost  proposals  will  be  submitted 
without  obligation — we  have  even  produced  actual  product 
samples  to  prove  that  "it  can  be  done  by  Lamtex".  Why  not  let us  prove  it  to  you? 

LAMTEX  INDUSTRIES,  INC.  Farmingdale,  L.I.,  New  York 
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RUBBER  CONTAINS  5000-DEGREE  INFERNO 
These  unique  rubber  liners,  produced  by  B.F. 
Goodrich,  protect  Polaris  second  stage  glass  fila- 

ment wound  rocket  cases  from  the  high  erosion  and 
flow  of  expanding  gases  in  the  5000  degree  F.  tem- 

perature range.  Without  the  liners,  the  cases  them- 
selves would  have  to  be  designed  much  heavier  to 

withstand  this  pressurized  inferno. 
In  addition  to  protecting  the  cases 

from  heat,  the  liners,  being  flexible, 

serve  to  "couple"  case  and  propellant 
—  materials  of  different  expansion 
characteristics.  This  provides  an  es- 

sential structural  function. 

B.F.Goodrich 
J 

aerospace  and 

defense  products 

Rubber  is  a  material  you  might  not  consider  for 
containing  such  high  temperatures.  But  in  view  of 
the  time  dimensions  involved,  rubber  often  does 
the  job  better  than  any  other  material.  And  B.F. 
Goodrich  does  the  job  of  precision  manufacture  of 
rubber  and  rubber-like  products  for  a  wide  range 

of  aerospace  requirements. 
For  information  on  BFG  capabilities 

in  heat-resistant  materials,  products, 
and  structures  write  B.F.Goodrich 
Aerospace  and  Defense  Products,  a 
division  of  The  B.F.Goodrich  Com- 

pany, Dept.  MR-4,  Akron,  Ohio. 
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missile  electronics 

New  SINS  Nears  Sea  Tests 

by  Charles  D.  LaFond 

SEA  TRIALS  will  begin  this  sum- 
mer for  a  new,  highly  advanced  Mark 

4  Ships  Inertial  Navigation  System 
(SINS)  designed  to  be  used  on  Polaris- 
type  submarines. 

Results  of  the  tests,  aboard  the  USS 
Compass  Island,  will  determine  if  and 
when  the  system  will  be  used.  Both 
existing  SINS  suppliers — Autonetics  Di- 

vision of  North  American  Aviation, 
Inc.,  and  Sperry  Gyroscope  Company — 
are  competing  with  updated  systems  of 
their  own  for  the  six  Fiscal  1963  Polaris 
subs. 

Three  years  in  development,  the  new 
Mk-4  SINS  was  designed  by  Massa- 

chusetts Institute  of  Technology.  It  is 
reported  to  be  one-third  the  size  of  the 
present  operational  SINS — and  to  pro- 

vide at  least  a  magnitude  increase  in 
accuracy. 

However,  as  is  the  case  with  all 

major  systems  used  in  the  Navy's  Po- 
laris subs,  it  must  not  only  prove  itself 

with  respect  to  reliability,  accuracy,  and 
maintainability;  its  developers  must 
demonstrate  that  it  can  be  produced, 
tested  and  delivered  on  schedule.  Ap- 

parently, insiders  say,  the  Mk4  R&D 
program  has  slipped  considerably.  As  of 
now,  informants  feel  that  at  best  the 
new  system  might  find  its  first  use  in 
the  six  missile  submarines  expected  to 
be  funded  in  FY  '64. 

•  Not  interchangeable  —  None  of 
the  SINS  produced  by  the  three  organ- 

izations— either  present  or  future — are 
interchangeable. 

However,  all  have  certain  basic  de- 
sign characteristics. 

The  primary  SINS  function  is  to 
determine  true  north,  true  vertical  ship's 
position,  and  the  ship  speed  necessary 
for  accurate  firing  of  Polaris  IRBM's. 

SINS  must  have  the  capability  at 
times  to  permit  steering  a  submarine  to 
any  predetermined  position  without  us- 

ing external  reference  points. 
Each  SINS  employs  a  3-gyro  stable 

platform  for  directional  control,  accel- 
erometers  and  a  velocity  meter  for  de- 

termination of  distance  and  position. 
Each  sub  carries  three  complete 

SINS.  External  corrections  are  provided 
from  a  celestial  navigation  system,  ra- 

dio navigation  system,  and  two  general- 
purpose  digital  computers. 

•  Fastest  with  the  mostest — Pos- 
sibly because  it  developed  and  proved 

its  Mk2  SINS  first,  Autonetics  has  ob- 
tained the  lion's  share  of  SINS  produc- 

tion contracts  in  the  past.  It  may  well 
do  it  again,  observers  say. 

The  score  sheet  looks  like  this  so 
far:  NAA  has  its  Mk2  ModO  on  all 
five  boats  of  the  598-class  and  on  the 
nine  subs  of  the  616-class  funded  in 
FY  '61;  a  more  advanced  system,  the 
Mk2  Mod2,  is  supplied  by  NAA  for 
the  10  616-class  boats  funded  in  FY 
'62;  Sperry's  Mk3  ModO  SINS  will  be 
installed  in  all  five  of  the  608-cIass 
boats. 

•  R&D  Program — Following  de- 
velopment of  its  prototype  SINS,  MIT 

proposed  in  1959  to  build  an  advanced 
SINS  for  use  in  oceanographic  ships 
at  Woods  Hole,  Mass. 

The  Navy,  however,  felt  that  an 
improved  system  should  be  developed 
as  a  follow-on  to  the  existing  SINS.  It 
began  funding  the  R&D  program. 
About  $12  million  has  gone  into  the 
new  system  so  far. 

The  stable  platform  used  in  the  Mk4 
is  based  on  an  all-new  design  using  new 
miniature  gyros  and  employing  spheri- 

cal gimbals. 
MIT  has  built  the  prototype  plat- 

forms and  Northrop  Corporation  is 
building  all  the  associated  electronics 
for  the  Mk4.  The  company  also  is  re- 

sponsible for  final  system  assembly  and 
test. 

Under  a  $3  million  (approx.)  con- 
tract, Sperry  has  developed  its  Mk3 

Mod3  SINS.  It  is  an  improved  version 
of  its  earlier  system,  in  which  the  prin- 

cipal change  has  been  the  conversion 
to  a  complete  digital  computer  system. 
The  stable  platforms  also  will  use  im- 

proved gyros. 
Developers  are  reported  to  believe 

they  have  greatly  increased  accuracy, 
reliability,  and  flexibility  with  the  im- 

proved system. 
The  Mk3  Mod3  uses  new  compon- 

ent-monitoring techniques  which  could 
contribute  to  increased  system  accuracy. 
The  highly  touted  gas-spin  gyros  now 
being  used  in  the  operational  Mk3 
ModO  platform  have  been  carried  over 
to  the  advanced  system.  Principal  areas 
of  improvement  include  the  computor 
and  inertial  elements — both  advanced 
gyros  and  a  new  velocity  meter. 

Systems  tests  of  the  Mk2  Mod2  will 
be  made  late  this  summer.  The  com- 

pany reportedly  expects  to  be  ready  to 
make  deliveries  in  the  fall.  8 

Coating  problems  on 
launcher  arms,  launchers, 

flame  deflectors,  flame  buckets 

Specialized  coating  problems? 
The  Rust-Oleum  Corporation 
specializes  in  the  research,  de- 

velopment, and  manufacture  of 
coatings  for  particular  problems 
in  the  missile  and  aircraft  in- 

dustry. Skilled  Rust-Oleum  spe- 
cialists and  technical  service 

personnel  are  available  to  work 
hand-in-hand  with  you  and  your 
organization..  May  we  hear from  you? 

RUST-OLEUM  CORPORATION 
2677  Oakton  St.    •     Evanston,  III. 

Forty  years of  industry 

proof. 

Distinctive 
as  your  own fingerprint. 

RUST-OLEUM 

RUST! 
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propulsion  engineering 

ARC  Gets  Gel-Solid  Award,  Expands 

FIRST  MAJOR  expansion  of  Atlan- 
tic Research  Corporation's  large-solid- rocket  facilities  has  followed  close  on 

the  heels  of  an  Air  Force  contract  to 

prove  feasibility  of  the  gel-solid  space 
booster  concept. 

The  nine-month,  $500,000  contract 
and  resulting  expansion  are  seen  by 

Precision  engineered  systems  with  cus- 
tom designed  components  provide  the 

ultimate  in  hydraulic  controls  for  the 
Bomarc  Launcher-Erector  manufactured 
by  FMC  Corporation  for  The  Boeing  Com- 

pany, Seattle. 

-  Control  valves  manufactured  by  Double 
A  Division  of  Brown  &  Sharpe. 

-  Accumulators  manufactured  by  Ameri- can Bosch. 
Hydraulic  manifolds  manufactured  by 
Brown  &  Sharpe. 

L  Rucker  Bomarc 
|Jy<lr<*.;l.c  Control Package 

—All  built  to  Rucker's  demanding  stand- 
ards, specifically  selected,  matched,  and 

qualified  by  Rucker  to  provide  complete 
system  integration. 

THE 
COMPANY 

4700  San  Pablo  Avenue  •  OLympic  3  5221 
•  Oakland  8,  California 

LOS  ANGELES  •  OAKLAND  .  PORTLAND  .  SEATTLE 

Depend  on  Rucker  -  a  leader  In  electronic -hydraulic  control  systems  since  1941 
34  Circle  No.  19  on  Subscriber  Service  Cord 

ARC  as  "the  first  step  in  some  really 
big  things  for  us."  The  firm  is  con- fident of  continued  growth  in  the  field, 
including  follow-on  contracts  for  work 
on  the  gel-solid  concept.  Up  to  $1  mil- 

lion may  be  invested  this  year  in  the 
facility,  located  at  Corolla  about  40 
miles  north  of  Nags  Head. 

One  test  stand  and  an  electronic  in- 
strumentation van  have  been  installed 

at  the  site,  which  is  already  equipped 
with  10  buildings  for  office  space  and 
living  quarters,  and  concrete  is  being 
poured  for  additional  facilities.  Even- 

tually, ARC  hopes  to  build  fabrication 
and  assembly  buildings  for  large  gel- 
solid  boosters,  which  will  then  be  trans- 

ported to  launch  sites  via  the  nearby 
inland  waterway  or  Atlantic  Ocean. 

The  5000-acre  site,  designated  by 
ARC  as  its  Outer  Banks  Facility,  is  now 
being  used  for  static  firing  of  some  small 
rocket  motors,  but  not  in  the  gel-solid 
program.  Initially,  the  company  plans 
to  use  the  area  only  for  testing. 

The  site  is  five  miles  from  the  main- 
land and  currently  reachable  only  by 

water,  although  the  firm  is  using  heli- 
copters and  light  planes  for  access.  A 

road  will  be  built  from  Nags  Head  soon. 
The  site  has  eight  miles  of  frontage  on 
the  Atlantic  Ocean  and  is  backed  up  by 
Currituck  Sound. 

•  New  concept — Air  Force  Systems 
Command,  which  awarded  the  contract 
to  ARC,  has  released  neither  timetables 
nor  motor  sizes  involved  in  the  gel-solid 

program. The  gel-solid  booster  employs  a  new 
concept  in  which  a  toothpaste-consist- 

ency propellant  is  transported  to  the 
launch  site  in  tank  cars,  then  pumped 
into  the  pad-mounted  motor  casing.  A 
central  exhaust  stack  conducts  gases  to 
the  nozzle  during  burning,  and  the  pro- 

pellant is  held  on  trays  within  the  casing. 
The  propellant  thus  burns  on  its  upper 
surface,  and  the  number  of  trays  can  be 
altered,  much  as  in  any  other  segmented concept. 

The  company  says  its  gel-solid  pro- 
pellant behaves  ballistically  like  a  solid 

propellant  and  has  the  same  reliability, 
but  offers  much  lower  cost  and  shorter 
development  time.  It  is  easily  trans- 

ported in  railroad  tank  cars  to  a  desired 
site,  then  pumped  into  the  rocket  case  in 
any  quantity,  being  particularly  suited 
for  very  large  first-stage  boosters.  ♦* 
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advanced  materials 

Aeronca  Explores  Thermantic  Structures 

by  John  F.  Judge 

A  COMPOSITE  structure  combin- 
ing the  high  thermal  shock  resistance 

of  porous  ceramics  and  the  structural 
reliability  of  high-alloy  metals  is  being 
explored  under  Air  Force  sponsorship 
at  Aeronca  Manufacturing  Corp.,  for 
re-entry  and  high-speed  atmospherical 
applications. 

The  composite — thermantic  con- 
struction— divides  the  load-bearing  and 

insulation  tasks  in  a  single,  integral 
panel.  The  load-bearing,  or  back-up, 
structure  consists  of  a  lightweight,  high- 
strength  metal  such  as  steel  or  one  of 
the  Inconels. 

Protection  is  provided  by  foam  ce- 
ramic in  small,  honeycombed  cells.  This 

ceramic  handles  both  the  radiation  heat 
and  insulation.  A  second  layer  of  fi- 

brous or  particulate  insulation  is  used 
under  the  ceramic  layer.  The  whole 
panel  is  brazed  at  one  time. 

The  key  to  the  structural  thermal 
protection  concept  is  in  the  ceramic 
bonding.  This  bonding  of  ceramic-type 
materials  to  conventional  aircraft  struc- 

tures has  long  been  considered  unreli- 
able, because  of  the  poor  thermal  shock 

resistance  and  brittle  nature  of  the 
ceramics.  Aeronca  handles  these  two 
problems  in  the  thermantic  concept  by 
breaking  the  ceramic  surface  into  small 
cells  allowing  the  absorption  of  stresses 
caused  by  thermal  expansion,  tempera- 

ture, gradients  and  loading. 
The  ceramic  is  loaded  in  open-faced 

honeycomb  fashioned  from  super  al- 
loys. This  honeycomb  has  been  brazed 

to  a  honeycomb-sandwich  load-bearing 
section.  A  fibrous  or  high  efficiency  in- 

sulation is  applied  between  the  ceramic 
and  the  load-carrying  panel. 

The  outer  surface  of  the  ceramic  is 
treated  to  achieve  a  high  emissivity. 
Aeronca  specialists  did  not  disclose  the 
exact  process  involved  but  two  general 
methods  were  discussed. 

One  means  of  raising  the  emittance 
is  through  the  addition  of  metal  oxides 
such  as  manganese,  iron,  nickel  and 
possibly  copper.  The  other  method  in- 

volves an  extremely  thin  ceramic  coat- 
ing of  high  density.  Work  is  progress- 
ing on  these  thin  coatings  in  an  attempt 

to  include  a  variety  of  properties  be- 
sides emissivity — mechanical  strength, 

thermal  shock  and  erosion  resistance. 
Porosity  control  in  the  ceramic 

foam  cuts  down  the  thermal  conduc- 
tivity and  serves  to  reduce  weight.  The 

high  surface  temperatures  generated  in 
an  operational  environment  result  in 
radiation  rejection  of  all  but  a  small 
incident  heat  fraction. 

Ceramic  technology  is  the  pacing 
factor  in  the  growth  of  thermantic 
structures.  Now  being  pressed  are  in- 

vestigations aimed  at  reducing  the  rein- 
forcement requirements.  For  example, 

the  reinforcing  honeycomb  cell  diameter 
has  been  increased  from  0.25  to  0.50 
in.,  and  larger  cells  are  being  planned. 

•  Concept  potential — Aeronca  ex- 
perts see  possibilities  of  extending  the 

ablative  functions  of  ceramics  and  plas- 
tics. In  supercircular  re-entry,  for  in- 

stance, a  portion  of  a  ceramic  or  plastic 
component  may  ablate  —  but  when 
speeds  are  reduced  the  remaining  por- 

tion would  act  as  a  radiation  cooled 
structure. 

Transpiration  cooling  during  super- 
orbital  velocities  is  also  compatible  with 

FOAMED  CERAMIC  INSULATION 
mm 

SUPER  ALLOY  HONEYCOMB 
REINFORCEMENT 

H  FIBROUS  OR HIGH 
EFFICIENCY 
NSULATION 

HONEYCOMB  BRAZED  TO  PANEL 

DOUBLER  (OPTIONAL)  FOR  WATER  COOLING 

ESSENTIAL  FEATURES  of  Aeronca 's  thermantic  structure 
illustrate  the  divided  load-bearing  and  insulation  characteristics 
in  one  integral  panel. 

CROSS-SECTIONAL  VIEW  of  one  structural  shape  under  in- 
vestigation for  applications  at  4400"F  surface  temperatures.  With 

an  incident  heat  flux  of  160  BTU/ft.'-sec,  the  heat  transmitted 
to  the  interior  is  only  0.59  BTU/ft.'-sec. 

porous  ceramic  heat  shields.  In  such  a 
system,  the  fluid  may  be  ejected 
through  ports  connected  to  an  internal 
compartment  cooling  system. 

The  ceramic  materials  receiving 
greatest  emphasis  at  Aeronca  are  silica, 
alumina  and  zirconia.  All  have  been 

prepared  in  the  porous  form  with  prop- 
erties satisfactory  for  re-entry  applica- tions. 

Densities  of  30  lbs. /ft. 3  have  been 
obtained  with  silica.  Alumina  densities 
range  between  40  and  45  lbs./ft.3,  while 
zirconia  runs  60  to  65  lbs./ft.3  This  last 
is  expected  to  reach  40  lbs./ft.3  through 
foam  development. 

These  porous  oxides  adequately  re- 
sist surface  temperature  of  3000°F  and 

can  be  prepared  without  using  tempera- 
tures in  excess  of  1000°F.  To  develop 

a  strong  bond  at  these  processing  tem- 
peratures requires  the  use  of  stable 

cementing  materials  or  low-temperature 
reactions  not  usu- 

ally involved  in  the 

processing  of  cera- mics. 

Inorganic  bond- ing materials  which do  not  appreciably 
lower  the  melting 

point  of  the  refrac- 
tory grains  are  re- quired to  handle 

the  ceramic  at  tem- 
peratures  under 1000°F.  Aeronca 
has  used  phosphate, 

oxychloride,  fluoro- 
phosphate  and  sili- cate bonding  sys- 

tems. For  each  of 
the  refractories, 
certain  of  these 

systems  are  opti- 
mum. 

Organic  binders 
such  as  modified 
phenolics  and  the 
polyvinyl  alcohols frequently  can  be 
used  to  provide 
extra  strength  at 
low  temperatures. 
These  decompose 
in  intense  heat,  but 
in  so  doing  gen- 

erate gas  which  ab- 
sorbs heat  and  pro- 
vides surface  cool- 

ing. 8 

HONEYCOMB  CORE 

SURFACE  EMISSIVITY 0.6 

OUTSIDE  SURFACE  TEMP.,  F 
4400 TEMP.  OF  CERAMIC  1/4"  BELOW 

SURFACE,  "F 
3630 

TEMP.  AT  INTERFACE  OF  CERAMIC 
AND  FIBROUS  INS.,  °F 2230 
TEMP.  AT  HONEYCOMB  FACE,  F 

1330 BACK  SURFACE  TEMP.,  *F 
800 

NET  HEAT  TRANSFER, 

BTU/sec-ft; 0.59 OVER-ALL  CONDUCTANCE, 

BTU/Hr-ft*-°F 

0.59 
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Give  data  continuity  for  ground 

and  airborne  pressure  tests 

Two  new  members  of  the  CEC  family  of 

high  -  range  pressure  transducers  —  the 
ground-based  4-350  and  its  airborne 
twin,  4-329— give  you  data  in  figures  that 
are  immediately  comparable.  Because 
they  have  the  same  sensing  elements, 
performance  curves  are  the  same. 

Type  4-350  is  rugged.  Cased  in  17-4PH 
SS  to  resist  corrosion  and  severe  test- 
stand  conditions,  it  features  a  unique 
10-X  overpressure  stop— assures  safety 
plus  continuing  precision  during  succes- 

sive test  usage.  Price:  $360. 

Type  4-329  is  lightweight -aluminum- 
cased  for  flight  use.  It  has  the  same 
pressure  range  as  4-350:  0-100  through 
0-5000  psia  or  psig.  Price:  $395. 
For  more  facts,  write  for  Bulletins  CEC 
4350-X5  and  4329-X5,  or  call  CEC  sales 
and  service  office. 

Transducer  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA.  CALIFORNIA   •   A  SUBSIDIARY  OF  BELL  &  HOWELL 
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This  heating  is  usually  so  rapid  that 
self-bonding  develops  simultaneously 
with  the  organic  bond  breakdown — a 
desirable  combination  of  properties. 

The  low-density  insulations  backing 
up  the  ceramic  honeycomb  come  from 
a  number  of  commercial  sources.  Aer- 
onca  experts  have  used  fibrous  Min-K 
and  Micro  Quartz  produced  by  Johns- 
Manville,  Santocel  by  Monsanto  and 
potassium  titanate  fibrous  insulation 
from  DuPont. 

Low-conductivity  materials  have 
been  combined  as  fine  powders  or  fibers 
to  further  reduce  the  conductivity. 
Thermal  radiation  is  partially  controlled 
by  dispersion  and  diffusion  in  the  fine 
particles  of  fibers  and  through  opaque 
constituents. 

These  insulations  are  extremely  ef- 
fective to  1500°F,  but  some  reduction 

in  properties  is  to  be  expected  in  the 
2000°  to  2500°F  range. 

In  the  metals  area,  high-tempera- 
ture alloys  are  available  for  use  in  the 

metal  sandwich  back-up  structure  and 
in  the  outer  reinforcement  honeycomb. 

The  hot  face  of  the  back-up  panel 
will  be  in  the  1000°F  temperature  level 
in  an  oxidizing  atmosphere,  and  iron- 
base  or  nickel  base  superalloys  of  the 
age-hardenable  type  can  be  used. 

•  Selectivity  problems — Metal  se- 
lection is  much  more  limited  in  the 

outer  honeycomb.  Its  operational  en- 
vironment is  severely  oxidational  and 

near  the  melting  point  of  the  metal. 
Besides  oxidation  resistance  and  high 
temperature  strength,  alloys  used  as  re- 

inforcement honeycomb  must  be  capa- 
ble of  reduction  to  thin  foils. 

Aeronca  specialists  say  several  fac- 
tors reduce  the  severity  of  the  operat- 

ing surface  temperatures,  and  the  con- 
cept of  a  metal  reinforcement  is  not  as 

marginal  as  it  appears  when  these  tem- 
peratures increase. 

The  metal  contributes  a  portion  of 
the  total  conduction  path;  while  this  is 
kept  to  a  minimum,  the  foil  tempera- 

ture levels  are  considerably  lower  than 
the  ceramic.  The  heat  sink  existing  in 
the  first  sheet  of  the  sandwich  structure 
prevents  localized  failure  at  the  braze. 

The  final  factor  is  the  oxygen  im- 
pedance ability  of  the  ceramic.  Any 

oxidation-resistant  coating  on  the  metal 
provides  further  protection. 

Selection  of  correct  foil  materials 
and  protective  coatings  is  an  absolute 
requirement  for  this  type  of  structure — 
regardless  of  the  ceramic  foams  used. 

A  program  to  apply  beryllium  to 
the  thermantic  structure  is  under  way 
at  Aeronca.  The  firm  is  under  contract 

to  the  AF's  Aeronautical  Systems  Div. 
to  explore  fabrication  techniques  in 
brazing  beryllium  structures.  Beryllium 
shows  considerable  potential  for  re- 

ducing structural  weight.  8 
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Giannini' s  Photopot 
(Continued  from  page  28) 

Photopots  have  demonstrated 
the  ability  to  measure  high  light 
spot  velocities.  With  a  system 
having  a  1000:1  optical  lever 
arm  ratio,  the  light  source 
speed  measurable  with  this  sys- 

tem is  about  20,000  ft/ sec, 
according  to  Giannini. 

(8)  Verticality  indicator  to  meas- 
ure pendulum  displacement;  a 

Coulomb  meter  instrument  to 
measure  integrated  electrical 
current;  an  instrument  to  meas- 

ure frequency  and  amplitude 
of  sonic  vibrations;  and  a  strain 
gauge. 

•  Resolution — Photopot  resolution 
is  said  to  be  better  than  0.0005  over  an 
active  length  of  0.5  in.,  and  Giannini 
engineers  believe  this  can  be  improved 
to  at  least  0.00005. 

•  Sensitivity  —  The  ratio  of  crystal 
resistance  between  conditions  of  dark 
and  light  photopot  sensitivity  using 
CdSe  as  the  photoconductor,  presents 
ratios  of  10G  at  1000  microwatts  per 
cm2  of  radiation  between  7000  and 
7400  A.  Other  materials  have  peak 
response  down  to  about  5000  A  or 
even  into  the  ultraviolet. 

•  Response  speed  —  Main  concern 
is  scanning  rate  or  sweep  speed.  In 
practical  use  this  is  found  to  be  as  high 
as  400  cm/ sec. 

•  Linearity — The  maximum  allow- 
able deviation  from  the  best  fitting 

straight  line  drawn  between  the  15  and 
85%  voltage  points,  expressed  as  a  per- 

centage of  peak  output  voltage.  This  is 
customarily  less  than  ±  1.0%.  Photopot 
deviations  of  less  than  0.2%  have  been 
observed  over  a  range  of  10  to  90% 
full  voltage. 

•  Light  path  resistance — A  function 
of  light  level  and  the  inter-electrode 
area  or,  indirectly,  light  spot  size.  Light 
spot  width  must  equal  inter-electrode 
distance  and  is  defined  in  terms  of  re- 

sistance per  square  unit  of  surface. 
Input  resistance  is  between  10  and 
50K  ohms. 

•  Breakdown  voltage — Breakdown 
voltage  measured  between  any  terminal 
and  the  case  is  in  excess  of  500  volts 
Rms.  Insulation  resistance  using  the 
same  measurment  method  is  more  than 
1000  megohms  at  500  volts  dc. 

•  Power  dissipation — On  the  order 
of  10  milliwatts-maximum. 

According  to  Giannini  Controls 
Corp.,  the  device  "was  not  designed  to 
replace  inexpensive  carbon  film  potenti- 

ometers. Although  its  applications  are 
numerous,  the  photopot  is  currently  best 
suited  for  instrument  applications."  it 
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For  accurate  pressure  measurement 

in  a  full  range  of  applications 

Meet  5  more  good  reasons  for  saying,  "When  you  think  of  trans- 
ducers . . .  think  of  CEC!"  (Clockwise,  from  top  left): 

Type  4-328  is  the  most  sophisticated  instrument  yet  developed  for 
rugged  airborne  use  in  missiles  —  shunt-compensated,  low-range 
(0-15  psi  to  0-99  psi  abs.) 
Type  4-317  is  ideal  for  high  pressure  measurement  in  high  temp- 

eratures or  nuclear  radiation.  Operates  continuously,  accurately  at 

600°F.  Pressure  ranges  0-100  through  0-5000  psig,  psid. 
Type  4-312,  midget  lightweight,  is  a  workhorse.  Pressure  ranges 
0-10  through  0-150  psia,  psig,  psid,  +  5  through  +  50  psi  bidirectional 
differential.  - 

Type  4-326,  best  for  universal  use,  is  operable  in  environments  as 
rugged  as  1000-g.  Six  models:  —0001  Medium  to  High  Range  psia, 
psig;  —0003  Low  Range  psia,  psig;  —0004  Low  Range  psid;  —0005 
Medium  to  High  Range  psid;  —0008  Extra  Corrosion  Resistant; 
—0009  10-X  overpressure  protected. 

Type  4-325,  smallest  of  all  (wt.:  8  gms.),  can  take  temperature, 
vibration,  acceleration,  shock.  Pressure  ranges  0-10  through  0-100 
psia,  0-2  through  0-100  psig,  +  2  through  +50  psi  bidirectional 
differential. 

More  data?  Write  now  for  Bulletin  CEC  1308-X1. 

Transducer  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    •    A  SUBSIDIARY  OF  BELL  &  HOWELL 

Circle  No.  21  on  Subscriber  Service  Card 



Foundry  Capacity  —  Castings  of  aluminum 
and  magnesium  parts  of  intricate  and  pre- 

cise design  are  a  specialty  at  Wright  Aero- nautical. Facilities  are  complete  for  sand 
casting  and  shell  molding. 

Space  Age  Welding — High-quality  welding 
techniques  convert  steel  sections  into  Minute- man  rocket  motor  cases  without  use  of 
preheat.  Tooling  is  simplified,  production 
increased  and  unit  costs  lowered. 

Metallurgical  Research  —  Hot  sprayings  of 
protective  ceramic  coatings  on  experimental missile  cases  is  one  of  the  advanced  material 
techniques  developed  by  metallurgists  at 
Wright  Aeronautical. 

Spanning  the  Critical  Demands  of  Industry  Subcontracting 

Total  Capability 

Engineering  —  Wright  Aero- 
nautical's  experienced  tech- nical staff  provides  extensive 
engineering  support  to  sub- 

contracting programs,  utiliz- 
ing advanced  analytical  and 

computing  devices  to  facili- tate solution  of  complex 
problems. 

Capability  to  design  and  manufac- 
ture aerospace  products  requires  a 

wide  range  of  technical  skills  which 
can  also  help  virtually  any  branch 
of  industry. 

The  complete  facilities  of  the  Wright 
Aeronautical  Division  provide  a  total 
capability  in  design,  development, 
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Production  Machining  —  Volume  production  Sheet  Metal  Fabrication  —  Precise  forming,  Gears  and   Gear-Systems  —  More  than  50 
of    precision    manufacturing    to    space-age  welding  and  fabrication  of  lightweight  parts  million  precision  gears  have  been  produced 
standards  of  quality  and  precision  is  achieved  is  made  possible  by  experienced  craftsmen  for  defense  and  industry.  A  new  Curtiss- 
by  use  of  such  equipment  as  this  numerical  using  highly  diversified  and  widely  varied  Wright  gear  system  increases  electrical  out-put 
tape-controlled  machine.  machines  and  equipment.  of  the  Lockheed  P2V  aircraft  by  50%. 

at  your  command 

testing  and  manufacturing  for  many 
types  of  subcontracting  work,  from 

tiny  gem-like  gears  to  giant  rocket 
motor  cases.  These  integrated  facili- 

ties are  available  either  on  a  proto- 
type or  production  volume  basis,  at 

competitive  prices.  Let  us  show  you 
how  our  total  capability  will  benefit 
your  entire  program. 

Wright  Aeronautical  Division 

Curtiss  E§  Wright 

Corporation 

Wood-Ridge,  New  Jersey 

Circle  No.  7  on  Subscriber  Service  Card 
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space  medicine 

AF  Building  $1.7-million  Simulator 

by  Heather  M.  David 

CONTRACTING  is  rapidly  pro- 
ceeding on  what  will  be  one  of  the  na- 

tion's most  ambitious  manned  space- 
flight research  simulators. 

At  the  Acceleration  Section  of  the 
Biophysics  Branch  of  the  Aerospace 
Medical  Research  Laboratory,  Wright- 
Patterson  AFB,  Ohio,  work  will  begin 
this  summer  on  the  dynamic  escape 
simulator — a  device  which  combines 
centrifugal  action  with  a  number  of 
other  stresses  of  spaceflight. 

The  complex  equipment — which  will 
cost  $1.7  million  by  the  time  it  is  com- 

pleted— is  scheduled  to  be  operating  by 
December,  1963.  The  centrifuge  por- 

tion will  be  in  service  by  December  of 
this  year. 

Dyna-Soar  and  RS-70  profiles  will 
be  simulated  on  the  new  acceleration 
device,  but  it  will  also  further  Air 
Force  capability  in  the  field  of  acceler- 

ation and  disorientation  research. 
Major  suppliers  will  be  GE,  The 

Breeze  Corp.,  Compudyne  Corp., 
Lucas-Rotax,  Ltd.,  Moog  Servocontrols 
and  Process  Equipment  and  Automa- 

tion. Inc.  Dr.  Klaus  L.  Cappel,  project 
engineer  at  the  Franklin  Institute,  told 
M/R  that  many  more  contracts  will  be 
let. 

•  Combined  stresses — The  simula- 
tor will  combine  the  functions  normally 

carried  out  by  a  shake  table,  altitude 
chamber  (up  to  40,000  ft.)  and  a  sim- 

ple centrifuge.  It  replaces  the  old  centri- 
fuge at  Wright-Patterson,  the  only  AF 

capability  for  studying  accelerations 
lasting  more  than  1  sec. 

The  earlier  centrifuge,  now  1 8  years 
old,  has  been  redlined  at  8  g's  and  will 
be  phased  out  when  construction  of  the 
new  device  begins.  The  old  centrifuge 
was  used  in  establishing  re-entry  toler- 

ance levels  for  Project  Mercury  and  in 
some  portions  of  Mercury  training. 

The  new  device,  designed  and  en- 
gineered by  the  Franklin  Institute  of 

Philadelphia,  will  be  capable  of  apply- 
ing forces  up  to  20  g's,  with  a  rate  of 

onset  of  10  g's  per  second.  In  addition 
to  the  simple  centrifuge  action,  a  fork 
gimbal  may  be  rotated  or  oscillated. 
The  spherical  cab  may  also  be  simul- 

taneously rotated  or  oscillated  about 
its  axis. 

With  the  main  arm  at  rest,  the 
platform  can  be  moved  through  six 
degrees  of  freedom — three  translational 

The  dynamic  escape  simulator  is 
basically  a  human  centrifuge  de- 

signed to  reproduce  as  closely  as 
current  state  of  the  art  permits  the 
complex  acceleration  profiles  of 
flight  and  emergency  escape  from 
present  and  proposed  aerospace 
vehicles. 

In   addition   to   simple  centrifuge 

CENTRIFUGE  AXIS 
!>         OF  ROTATION 

The  fork  gimbal  may  be  rotated  or 

And  the  cab  simultaneously  rotated 

INTERCHANGEABLE  cabs  add  versa- tility. 

(x,  y,  z  axes)  and  three  rotational  (roll, 
pitch  and  yaw). 

Maximum  pitch  oscillation  is  38°, 
roll  is  20°  and  yaw  is  3°.  The  cab  drive 
provides  oscillations  in  yaw  from  3° 

to  360°. Vibrations  may  be  produced  up  to 
15  cycles  per  second.  Complex  tum- 

bling patterns  may  be  simulated,  since 
the  capsule  may  be  rotated  up  to  30 
rpm  and  150  rpm  in  the  cab  and  fork 
axes  respectively,  with  maximum  pay- 
load. 

The  shake  table  will  handle  a  pay- 
load  at  maximum  use  of  500  lbs.  With 
a  10-g  centripetal  force,  gimbal  per- 

formance will  accommodate  a  payload 
of  1000  lbs. 

The  overall  centrifuge  arm  will  be 
24  ft.  This  relatively  short  length 
(Johnstown's  centrifuge  is  near  twice 
as  long)  limits  the  use  of  the  centrifuge 
as  a  flight  simulator,  since  the  short  arm 
rotation  will  cause  subjects  to  suffer  the 
coriolis  effect.  Hence  the  name  dynamic 
escape  simulator — it  still  can  be  an  ex- 

cellent tool  for  simulating  the  tumbling 
and  buffeting  of  emergency  escape  and re-entry. 

•  Unprecedented  —  These  escape 
patterns — with  high-speed  tumbling,  os- 

cillations, vibrations  and  repeated  de- 
celerations due  to  the  deployment  of 

drogues,  reefed  parachutes  and  de-reef- 
ing, etc. — can  be  studied  individually 

and  then  sequentially.  As  described  in 
a  recent  presentation,  "this  dissection 
of  escape  events  through  time  will,  for 
the  first  time,  allow  the  accelerations 
derived  from  instrumented  dummy  air- 

craft ejections  to  be  identified  and  tested 
under  controlled  conditions,  and  the 
more  serious  challenges  characterized 

and  modified." The  centrifuge  arm  to  the  cab  will 
be  19  ft.  Cab  outside  diameter  will  be 
10  ft.  This  large  volume  will  make  it 
possible  to  locate  the  subject  so  that 
the  axes  of  rotation  will  intersect  his 
head  at  any  selected  point,  making  it  a 

disorientation  research  tool  "equal  to 
the  world's  finest  device  for  this  pur- 

pose." 

The  acceleration  section  at  the  Aer- 
ospace Medical  Laboratory  is  designing 

several  different  types  of  restraint  sys- 
tems so  that  subjects  can  be  positioned 

in  a  number  of  different  ways. 

•  Interchangeable  cabs  —  Another 
outstanding  feature  of  the  device  is  that 
the  use  of  several  interchangeable  cabs 
will  enable  researchers  to  instrument 
cabs  for  a  variety  of  experiments  while 
the  machine  may  already  be  in  use. 
This  will  greatly  increase  the  useful 
time  of  the  machine,  say  ASD  repre- 
sentatives. 

There  will  be  about  150  slip  ring 
channels  for  information  and  power 
to  the  cab.  This  will  permit  complete 
bioinstrumentation  of  the  subjects,  and 
elaborate  performance  tasks.  ASD 
spokesmen  point  out  that  this  is  three 
times  the  slip-ring  capacity  of  the  pres- 

ent Aerospace  Medical  Laboratory  cen- 
trifuge. 8 
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AEROSPACE  GROUND  EQUIPMENT  AND  SYSTEMS  CAPABILITY 

From  design  through  engineering  and  manufacturing,  Convair  has 
proven  capabilities  in  handling  aerospace  ground  equipment  pro- 

grams. Under  subcontract  to  General  Dynamics  |  Astronautics, 
Convair  was  assigned  engineering  tasks  on  the  Atlas  "D"  "E"  and 
"F"  series,  Centaur,  Atlas  target  for  Nike-Zeus,  and  Atlas  booster 
for  Mercury,  Samos,  Agena  and  Able-5  programs.  In  addition,  Convair 
is  prime  contractor  for  design  and  packaging  of  the  IR  radiometer 
and  associated  instrumentation  in  the  nose  cone  of  the  Black  Brant 
Space  Probe.  These  and  the  following  achievements  are  evidences  of 
Convair's  ability  to  integrate  its  extensive  resources  with  design 
and  production  of  the  most  complex  aerospace  systems. 

LAUNCH  CONTROL  SYSTEMS 
Under  a  subcontract  from  General  Dynamics/Astronautics,  Convair  has  been 
responsible  for  design  and  development  of  the  new  Atlantic  Missile  Range 
(AMR)  Complex  36A,  design  and  modification  of  AMR  complexes  11,  12,  13 
and  14,  and  Sycamore  Canyon  test  sites  S-l  and  S-2.  Since  1959,  Convair  engi- 

neers have  gained  valuable  experience  through  the  responsibility  for  research 
and  development  of  the  Atlas  program  missile  and  space  booster  launch  con- 

trol. This  responsibility  included  modification  of  launch  and  static  firing  sites 
to  handle  operational  series  missiles. 

(below)  These  AMR  13  Atlas  "E"  series  launch  control  consoles  are  typical  of those  which  Convair  engineers  have  designed  or  modified  for  AMR  complexes 
11,  12,  13,  and  14,  and  Sycamore  Canyon  complexes  S-l  and  S-2.  System 
design  included  all  of  the  electrical  control  and  distribution,  starting  from  the 
facility  power  source,  through  logic  assemblies,  to  the  missile  umbilical,  L02, 
and  fuel  tanking,  pressurization  and  pneumatic  interfaces.  Major  considera- 

tions were  given  to  system  integration,  calibration,  validation,  and  actual 
manufacture  and  site  installation. 

(right)  These  models  of  AMR  Complex  36A  were  built  to  assist 
Convair  engineers  in  the  planning  and  investigation  of 

launch  complex  facilities  for  launch  control,  instrumentation, 
and  closed-circuit  television. 

SIGNIFICANT  TASKS  ACCOMPLISHED 
SYCAMORE  CANYON  COMPLEX  S-l:  Convair  accomplished  a  complete  sys- 

tem and  subsystem  integration  of  the  Silo  "F"  series  automatic  launch  system 
with  the  "F"  series  R&D  manual  and  semi-automatic  logic.  This  required  a 
complete  interface  of  operational  equipment,  without  change,  to  allow  switch- 

over from  R&D  to  Silo  and  return  at  any  point  in  a  full  Atlas  countdown, 
including  engine  static  firing  and  shutdown. 

AMR  13:  Modified  by  Convair  engineers  to  handle  a  basic  Atlas  space 
booster  with  an  Agena  second  stage  and  a  satellite  payload.  For  the  first  time 
in  the  Atlas  program,  the  use  of  techniques  of  modular  logic  was  required, 
and  IBM-type  system  programming  on  patch  panels  and  self-testing  and  cali- 

bration units  were  integrated  into  the  launch  control  system,  resulting  in  a 
reduced  pad-time-per-launch. AMR  14:  Modified  by  Convair  to  accommodate  Atlas/Mercury  program. 

AMR  11:  In  modifying  this  complex  to  handle  the  Atlas  "E"  and  "F" series  missiles,  Convair's  task  included  integration  of  mobile  automatic- 
programmed  checkout  equipment  (MAPCHE). 

AMR  12:  Modified  by  Convair  to  handle  space  probe  of  the  Ranger 
configuration. 



ENGINEERING  FOR  MISSILE 
SPACE  BOOSTER  INSTRUMENTATION 
AND  DATA  ACQUISITION 
Some  of  the  major  problems  in  missile  and  space  exploration  programs  are 
the  acquisition  of  large  quantities  of  data  within  a  short  time  span,  reduction 
of  this  data  within  allowable  tolerances,  and  the  wide  range  of  data  required. 
Convair  has  solved  many  of  these  problems,  on  a  subcontract  basis,  in  sup- 

port of  the  Atlas  missile  and  space  booster  program. 
The  landline  instrumentation  systems  for  Atlas  complexes  at  AMR  36A 

and  Vandenberg  Air  Force  Base  (OSTF  I  and  PALS  I)  were  designed  by  Con- 
vair. These  systems  include  digital  tape.  FM  tape,  oscillographs,  null  balance 

and  brush  recorders.  They  are  integrated  to  permit  continuous,  five-point  cali- 
bration and  patch  programming  for  quick  changeover  to  prevent  loss  of  data. 

A  complete  closed-circuit  television  system  was  designed  for  OSTF  I. 
These  launch  complex  instrumentation  systems  are  indicative  of  Con- 

vair's  extensive  experience  in  construction  and  operation  of  telemetry  facili- ties. The  telemetry  receiving  stations  are  capable  of  recording,  calibrating  and 
programming  to  provide  a  flow  of  data  to  analog  and  digital  computers  in  the 
proper  format  to  obtain  full-plot,  calibrated  data  ready  for  engineering  use. 

Vehicle  systems  investigation  for  airborne  instrumentation  systems  on 
the  Centaur,  Propulsion  Test  Vehicle  and  Environmental  Test  Tank,  coupled 
with  extensive  assistance  on  Atlas  "E"  and  "F"  series  missiles,  has  resulted 
in  engineering  which  establishes  measurement  requirements,  actual  trans- 

ducer selection  and  installation  design.  This  combination  of  ground  and  air- 
borne systems  engineering  has  established  a  broad  base  of  understanding  for 

the  overall  problems  of  data  acquisition,  vehicle  systems  integration,  static 
firing  and  launch. 

(right)  AMR  36A  blockhouse,  showing  Atlas  launch  control 
consoles  (left)  and  Centaur  launch  control  consoles  (right). 

Convair  engineers  designed,  developed  and  installed  the 
Atlas  launch  control  and  instrumentation  systems. 

(below)  This  mobile  instrumentation  trailer  was  designed 
by  Convair  to  permit  on-site  receiving  of  telemetry 
signal  and  recording  on  magnetic  tape  for  quick-look 
data  processing  with  readout  on  direct  writing 
oscillographs  or  on  pen  and  brush  recorders. 







GENERAL  DYNAMIC CONVAIR 

GROUND 

Convair-designed  aerospace  ground  equipment 
and  systems  are  presently  in  operation  at 
missile  sites  and  at  military  and  commercial 
aircraft  installations  throughout  the  world, 
fulfilling  their  tasks  with  the  accuracy  and 
dependability  required  in  the  aerospace  age. 

Convair's  experience  in  the  field  of  missiles, 
its  extensive  manufacturing  facilities 
and  engineering  capabilities  are  available 
for  subcontract  tasks,  to  assist 
major  contractors  with  their  aerospace 
ground  equipment  programs. 

EQUIPMENT  AND 

SYSTEMS 

CAPABILITY 

GIIIIIIIID 



GENERAL  AEROSPACE  SYSTEMS 
Subcontract  tasks  awarded  to  Convair  for  the  design  and  development  of  the 
following  aerospace  ground  equipment  and  systems  have  received  the 
attention  of  an  engineering  team  recognized  throughout  industry  for  its 
accomplishments : 

Design  and  construction  of  Atlas  "D"  and  "E"  series  launchers. 
Design  and  construction  of  nitrogen-cooled  L02  supply  and  storage  units. 
Installation  of  launch  control  equipment  and  cables  for  operational  Atlas 
missile  sites. 
Base  liaison  activities  at  operational  training  and  research  and  develop- ment sites. 
Test  equipment  programming,  validation,  and  operation. 
Preparation  of  activation,  validation  and  integration  procedures. 

(above)  Design  of  the  launcher  for  the  Atlas  "D"  and  "E" series  missiles  required  extensive  Convair  engineering  in  the 
fields  of  heavy  structures,  mechanisms,  heat  exchangers, 
high-pressure  hydraulic  and  pneumatic  systems,  and 
the  development  of  new  shielding  and  welding  techniques. 
This  launcher  is  used  to  load  the  missile,  support  it 
in  shock  mounted  readiness,  pivot  it  to  firing  attitude, 
and  retain  it  during  engine  run-up  prior  to  release. 
The  launcher  also  contains  provisions  for  servicing  of 
missile  systems  and  for  missile  disconnect. 

(illustrated  on  front  cover)  Typical  R&D  missile  and 
space  booster  AMR  complex  built  by  General  Dynamics 
for  Atlas  and  Centaur  programs. 

(left)  Complex  cryogenic  supply  and  storage  units,  such 
as  this  liquid  nitrogen-liquid  oxygen  unit  for  the  Atlas  missile, 
can  be  developed  for  any  aerospace  program  by  Convair. 

ADDITIONAL  INFORMATION 
Convair  is  a  long-time  supplier  of  varied  products  and  services  to  both 
military  and  commercial  customers.  Located  in  San  Diego,  Calif., 
Convair  is  adjacent  to  major  sea,  air,  and  rail  transportation  facilities. 
For  subcontract  tasks,  Convair  offers  a  vast  complex  of  engineering 
and  manufacturing  area  —  covering  5  million  square  feet  of  enclosed 
floor  space  and  5  million  square  feet  of  paved  outdoor  work  area 
usable  throughout  the  year.  All  of  the  company's  facilities  and  expe- rienced personnel  are  available  for  subcontract  tasks. 

In  addition  to  aerospace  ground  equipment  and  systems.  Convair 
capabilities  include:  Machine  Shop  •  Sheet  Metal  Fabrication  •  Tool 
Manufacturing  •  Scotchweld  Bonding  ■  Honeycomb  and  Metal  Bond 
Manufacturing  •  Plastic  Parts  Production  •  Titanium  Fabrication  • 
Experimental  Manufacturing  and  Processing  •  Manufacturing  Support 
(welding,  heat  treating  and  processing,  manufacture  of  rtvets,  tubing 
and  cables,  electrical  harnesses).  All  areas  of  activity  are  supported 
by  Quality  Control  •  Applied  Manufacturing  Research  and  Development. 

To  obtain  companion  folders  describing  any  of  the  above  capabili- 
ties, please  contact: 
Director  of  Marketing 
General  Dynamics  |  Convair 
Department  MR-  2 RO.  Box  1950 
San  Diego  12.  California 
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Garrett-AiResearch  has  designed,  fabricated  and 
tested  lightweight  space  radiators,  utilizing  proven 
hardware  concepts  throughout.  Active  radiator 
systems  can  cool  electronic  equipment,  fuel  cells, 
stable  platforms  and  environmental  systems 
operating  from  400DF  to  cryogenic  temperatures. 

AiResearch  is  foremost  in  space  radiator  design 
and  manufacturing,  and  is  highly  experienced  in 
weight  optimization  techniques,  meteoroid  protec- 

tion, transient  temperature  analysis,  fabrication 

techniques  and  emissive  coating  characteristics. 
Present  AiResearch  space  radiator  development 

and  production  programs  include  systems  for  both 
manned  and  unmanned  space  vehicles.  Other  types 
of  space  heat  transfer  experience  include  the 
Project  Mercury  and  Dyna-Soar  systems. 

AiResearch  has  more  than  20  years  of  experi- 
ence in  the  design,  development  and  manufacture 

of  heat  transfer  equipment  for  aircraft,  missiles 
and  space  vehicles.  Your  inquiries  are  invited. 

AIRESEARCH  MANUFACTURING  DIVISIONS  »Los  Angeles  9,  California  •  Phoenix,  Arizona 
Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
Circle  No.  8  on  Subscriber  Service  Card 47 



THE  SKEPTICAL  MEN 

"...habits,"  wrote  John  Dryden,  "gather  by  unseen  degrees,— 
As  brooks  make  rivers,  rivers  run  to  seas." 
All  men  are  susceptible  to  the  accumulation  of  habits.  It's  a  natural  part  of  our  lives 

to  do  things  with  a  certain  repetition. 
But  in  industry,  accepted  ways  of  doing  things,  based  merely  on  repetition,  can 

prove  expensive. 
Because  of  the  complexity  of  projects  carried  out  by  the  aerospace  industry,  it 

has  been  looking  with  increased  skepticism  on  accepted  methods  of  doing  things.  As 
a  result  there  have  arisen  whole  new  approaches  within  management  — approaches 
fulfilled  by  men  in  value  analysis,  quality  control,  product  reliability. 

These  men,  working  together,  and  working  closely  with  engineers  and  purchasing 
agents,  help  cut  needless  expense  while  maintaining  and  increasing  high  levels  of 
reliability. 

Some  of  the  questions  they  ask  are:  "What  is  the  item?"  "What  is  the  function?" 
48 



"What  does  it  cost?"  "What  else  would  do?"  "What  would  that  cost?" 
Questions  such  as  these  may  sometimes  make  their  work  difficult  in  the  area  of 

human  relations,  but  as  the  scope  of  the  work  is  better  understood  these  problems 
decrease.  For  this  new  approach  is  more  than  just  mere  cost  consciousness.  It  is  a 
highly  creative  method  that  allows  management  to  overcome  roadblocks  of  pre-con- 
ceived  ideas. 

Analysis  of  function  is  now  spreading  to  every  level  of  production  — from  top 
management  to  the  design  engineer  to  the  purchasing  agent  to  the  man  on  the  line. 

This  is  one  of  the  ways  the  aerospace  industry  is  helping  America  get  the  most 
for  its  defense  and  space  money.  It  has  already  paid  off  in  millions  of  dollars  saved. 

This  is  the  work  of  men  who  are  not  willing  to  accept  the  accepted. 
This  is  the  work  of  the  skeptical  men. 

North  American  Aviation  is  at  work  in  the  fields  of  the  future  through  these  six  divisions:  Atomics 
International,  Autonetics,  Columbus,  Los  Angeles,  Rocketdyne,  Space  &  Information  Systems 
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Was  Titov  Hypnotized  During  Flight? 

by  Dr.  Hallack  McCord 
University  of  Colorado 

RUSSIA  may  have  hired  two  Indian 
yogis  to  teach  USSR  cosmonauts  how  to 
achieve  a  yoga-like  trance  for  space- 
flight. 

This  report  emerged  from  a  survey 
of  experts  on  hypnotism  who  were 
polled  on  their  opinions  on  use  of  hyp- 

notism for  spaceflight. 
One  psychiatrist  theorized  that  Gher- 

man  S.  Titov  was  in  a  hypnotic  trance 
during  his  flight.  Evidence  pointing  to 
this  is  the  fact  that  he  was  able  to  sleep 
eight  hours  during  what  must  have  been 
a  rigorous  and  exciting  flight.  In  addi- 

tion, Titov  has  been  quoted  as  saying 
"We  Cosmonauts  had  been  trained  by 
physicians  to  fall  asleep  instantly,  when 
desired,  and  to  wake  up  exactly  at  a 

given  time." A  number  of  advantages  of  hypnosis 
were  listed  by  those  polled.  They 
include : 

•  Ability  to  withstand  reduced  sen- 
sory input.  Considerable  concern  has 

been  shown  about  the  human  organism's 
ability  to  function  "really  alone"  for 
prolonged  periods.  It  was  felt  that  hyp- 

nosis offers  a  means  of  offsetting  this 
condition. 

•  Improved  eidetic  memory.  It  has 
been  felt  that  distortion  of  the  time 

sense  through  hypnosis  might  render 
astronauts  better  able  to  remember  de- 

tails of  their  flights.  Hypnosis  would 
help  them  to  recall  each  sensation. 

•  Improve  intellectual  efficiency. 
Some  respondents  felt  it  might  be  worth 
experimenting  on  the  use  of  hypnosis 
to  improve  human  speed  and  accuracy, 
especially  in  mental  activities  such  as 
mathematics.  One  expert  suggests  hyp- 

nosis could  turn  a  man  into  a  "lightning 

calculator." •  Autogenic  training — a  specialized 
method  of  relaxation  training. 

•  Heightened  capacity  to  withstand 
impacts.  Opinion  has  been  elicited  that 
hypnosis  could  condition  persons  to 
weather  falls,  shocks  and  accelerations. 

•  Reduced  boredom — the  astronaut 
could  hallucinate  pleasurable  things. 

•  Thermal  tolerance,  controlled  met- 
abolic activity.  The  astronaut  could  be 

taught  to  control  his  automatic  nervous 
system  and  increase  his  tolerance  to 
heat  and  cold,  and  control  his  heart  and 
pulse  rate. 

•  Tranquilization  —  Hypnotism 
could  be  used  to  handle  various  feeling 
states  and  sensations  such  as  giddiness, 
vomiting  and  claustrophobia.  In  a  like 
manner,  the  astronaut  could  induce  his 
own  sleep. 

•  Relief  of  discomfort.  It  could  aid 

the  astronaut  in  maintaining  uncom- 
fortable positions  for  prolonged  periods 

of  time. 
•  Aid  in  selection — Certain  person- 

ality diagnosis  functions  could  be  per- 
formed with  potential  astronauts  while 

they  were  hypnotized. 
•  Creation  of  "real"  simulation. 

Potential  astronauts  could  be  hypnotized 
to  believe  they  were  actually  in  a  space 
cabin.  This  would  aid  the  training  pro- 

gram a  great  deal,  as  well  as  provide 
a  tool  for  selection. 

•  Counteraction  for  unpleasant  ef- 
fects of  weightlessness.  Although  not 

enough  is  known  about  weightlessness 
to  make  possible  a  concrete  suggestion, 
hypnotism  would  be  a  good  tool  to 
counterpart  any  psychological  effects  of 
weightlessness. 

•  Passing  time — Hypnotism  could 
be  appiled  to  distort  time. 

Almost  every  one  of  the  32  experts 
who  formed  the  basis  of  the  opinions  is 
an  official  of  one  of  three  groups  1 )  The 
International  Society  for  Clinical  and 
Experimental  Hypnosis,  2)  The  Ameri- 

can Society  of  Clinical  Hypnosis,  3) 
The  Society  for  Clinical  and  Experi- 
metal  Hypnosis.  Membership  in  these 

groups  generally  requires  a  doctor's  de- gree in  medicine,  psychology  or  den- 
tistry and  several  years'  specialty  ex- 

perience in  hypnosis.  8 

First  SAC  Titans 

(Continued  from  page  17) 

tiveness  of  the  complex  is  the  ultra-high- 
speed Propellant  Loading  System.  The 

PLS,  designed  and  engineered  by 
Arthur  D.  Little,  provides  for  storage 
and  rapid  transfer  of  liquid  oxygen, 
liquid  nitrogen,  gaseous  nitrogen  and 
helium. 

Command  guidance  system  for 
Titan  I  was  manufactured  by  Western 
Electric  Co. 

Bell  Telephone  Labs  performed 
basic  research,  development  and  design 
of  the  system. 

Heart  of  the  tracking  system  is  the 
Athena  guidance  computer,  developed 
by  Remington  Rand  Univac,  which 
compares  tracking  data  on  position  and 
speed  with  a  predetermined  stored 
trajectory.    Solid-state  design  of  the 

computer  has  reduced  its  size  consider- ably. 

All  phases  of  engineering,  develop- 
ment, production,  installation  and  check- 

out of  the  intra-site  communication  sys- 
tem were  handled  by  General  Dyna- 

mics/Telecommunication. 
Essentially  a  specialized  central  tele- 

phone system,  the  setup  consists  of  dial 
telephones,  direct-line  telephones  and 
associated  switching  equipment,  explo- 

sion-proof maintenance  networks  and 
an  all-area  public  address  system. 

Systems  engineering  on  the  complex 
was  carried  out  by  Space  Technology 
Laboratories,  Inc.  Daniel  Mann  John- 

son and  Mendenhall  was  responsible 
for  architectural  engineering. 

Both  stages  of  the  Titan  I  are  pow- 
ered by  Aerojet-General  liquid  rocket 

engines.  Mark  4  re-entry  vehicle  on  the 
missile  was  designed  and  built  by  Avco Corp. 

•  Buildup  gains  steam — Cost  of  a 

fully-equipped  Titan  I  squadron,  includ- 
ing missiles  and  ground  support  equip- 

ment but  not  including  research  and 
development  costs,  is  placed  at  $200 
million  by  Maj.  Gen.  Thomas  P.  Ger- 
rity,  commander  of  the  Ballistic  Systems 
Division.  He  estimates  total  cost  of  the 
nation's  full  ICBM  force  will  be  $15V2 
billion. 

Activation  of  the  two  underground 
Titan  squadrons  at  Lowry  will  bring 
the  number  of  operational  U.S.  ICBM's 
to  72,  including  three  Atlas  training 
missiles  at  Vandenberg  AFB  which  are 
counted  in  the  inventory. 

Activation  of  six  Atlas  F  squadrons 
and  the  six  Titan  I  squadrons  will  nearly 
triple  this  number  by  the  end  of  this 
year.  Phasing  in  operationally  of  Titan 
II  and  Minuteman  will  result  in  well 
over  500  ICBM's  on  operational  status 
by  the  end  of  1963.  A  total  force  of 
1031  is  now  planned,  including  200 
Minuteman  not  yet  funded.  8 

50 missiles  and  rockets,  April  30,  1962 



Advanced -program  openings  at  Boeing  for 

STRUCTURAL  AND  ELECTRONIC/ ELECTRICAL  ENGINEERS 

Boeing's  Aero-Space  Division,  holder  of  major  contracts  on  such  ment,  the  development  of  improved  design  techniques,  electronic 
advanced  space  programs  as  Saturn,  Dyna-Soar  and  Minuteman,  parts,  electronic  packaging  techniques  and  the  design  and  develop- 
has  a  number  of  immediate,  long-range  openings  offering  profes-     ment  of  improved  electronic  systems. 
sional  challenge,  and  in  many  instances,  Salaries  are  commensurate  with  all  levels 

of  education  and  experience.  Minimum 
requirements  are  a  B.S.  degree  in  any 
applicable  scientific  discipline.  Most  of 
the  assignments  are  in  the  uncongested 
Pacific  Northwest,  offering  outstanding 
family  living  and  recreational  advantages. 

Send  your  resume,  today,  to  Mr.  Wm. 
B.  Evans,  The  Boeing  Company,  P.  0. 
Box  3707  -MRR,  Seattle  24,  Washing- 

ton. The  Boeing  Company  is  an  equal 
opportunity  employer. 

unique  ground-iloor  opportunities  in 
newly-formed  divisional  organizations. 

Structural  engineering  openings  require 
knowledge  of  the  air  loads,  high  heating 
rates,  extreme  differential  temperatures, 
material  oxidation  and  creep  associated 
with  advanced  vehicles  designed  for  flight 
regimes  ranging  from  orbital  to  normal 
landing  speeds. 

Electronic/Electrical  engineering  as- 
signments are  available  in  many  areas, 

including  the  design  of  electronic  equip- 

Divisions:  Military  Aircraft  Systems  •  Transport  •  Vertol  •   AERO-SPACE  •  Industrial  Products— Boeing  Scientific  Research  Laboratories 
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WHAT  MAKES 

PHILCO  CONTRACT  TECHNICAL  TRAINING  SO  EFFECTIVE? 

Through  two  decades  of  experience  in  contract  technical  training  on  all  makes  and  types  of 
electronic  systems,  Philco  has  developed  and  perfected  a  more  effective  approach  to  technical 

training.  It's  more  than  just  putting  an  instructor  in  the  classroom  or  on  the  job — it's  an 
organized  program  of  course  development,  experienced  instruction,  and  active  management 
supervision.  Currently,  over  1050  Philco  TechRep  Instructors  are  conducting  technical  training 
throughout  the  U.S.A.  and  in  25  other  countries.  A  capability  brochure  is  available  upon  request. 

PHI  LCO 

a  subsidiary  of  ̂>rtl/1^>/crrX?om/ia ny~, 

PHILCO  TECHREP  DIVISION,  P.  0.  BOX  4730,  PHILA.  34,  PA.,  U.S.A. 
I N  EUROPE  TechRep  Services,  S.A.,  Avenue  de  Beauregard  3,  Fribourg,  Switzerland 
IN  CANADA  Philco  Corp.  of  Canada.  Ltd,  Don  Mills  Road,  Don  Mills,  Toronto,  Ontario,  Canada 

52 Circle  No.  9  on  Subscriber  Service  Card 



-The  Industry  Week 

NAA  Apollo  Subcontractor  Reps 

North  American  Aviation  plans  to  station  resi- 
dent representatives  of  its  Space  and  Information 

Systems  Div.  at  plants  of  the  major  subcontractors 
on  the  Apollo  program.  Clarence  Nelson,  Apollo 
Material  Manager,  says  the  resident  representatives 
will  serve  as  liaison  subcontract  managers,  heading 
S&ISD  Subcontractor  Management  Offices  at  each 
company.  These  offices  in  some  locations  also  will 
include  representatives  from  Apollo  engineering  and 
quality  assurance  departments.  First  five  NAA 
representatives  are:  Collins  Radio  Co.,  Steve  Hamil- 

ton; Marquardt  Corp.,  Jack  Thompson;  Minneapo- 
lis-Honeywell, William  Van  Valkenberg;  Pratt  & 

Whitney,  Hugh  Toczek ;  AiResearch  Manufacturing 
Co.,  Marvin  Currey.  Nelson  said  other  representa- 

tives will  be  named  shortly  for  other  Apollo  sub- 
contractor firms. 

Corporate  Division  Changes 

Douglas  Aircraft  established  a  Skybolt  sub- 
division within  the  company's  Missile  and  Space 

Systems  Div.  The  Skybolt  unit  will  be  directed  by 
J.  L.  Bromberg,  former  chief  project  engineer  for 
Thor,  program  manager  for  Nike-Zeus,  and  director 
of  programs  for  all  the  company's  military  and 
government  programs.  .  .  .  General  Precision,  Inc., 
established  an  Aerospace  Group  to  design  and  pro- 

duce complete  guidance  and  control  systems  for 
space  and  defense  projects.  The  Aerospace  Group 
ivill  consist  of  a  new  Aerospace  Systems  Div.,  the 
Kearfott  Div.  and  a  new  Aerospace  Research  Cen- 

ter. President  is  Fred  D.  Herbert,  Jr.,  vice  presi- 
dent and  director  of  General  Precision  Equipment 

Corp.  and  president  of  Kearfott  Div.  The  group  is 
at  work  on  a  major  contract — assignment  from  BSD 
to  develop  a  stellar -inertial  guidance  system.  .  .  . 
Planning  Research  Corp.  formed  a  Nuclear  Engi- 

neering Section  to  study  advanced  nuclear  power 
systems  for  space,  remote  land,  and  underwater 
applications. 

New  Industry  Facilities 

Lockheed  Propulsion  Co.  purchased  a  9000-acre 
tract  in  Southern  California  for  manufacture  and 
testing  of  solid-propellant  rocket  motors.  Company 
President  Robert  F.  Hurt  said  "our  plans  call  for 
a  major  new  space  center  to  arise  here.  We  have 
already  completed  construction  this  week  of  a  static 
test  stand  capable  of  handling  solid  motors  six 
times  more  powerful  than  the  Atlas.  ..."  The  pur- 

chase brings  to  over  12,000  acres  the  land  owned  by 
the  company  in  two  California  counties,  and  is  part 
of  a  company  plan  to  gear  facilities  and  operations 
to  development,  production  and  check-out  of  large 
solid  boosters.  .  .  .  Detroit  Gasket  and  Manufactur- 

ing Co.  opened  a  new  facility  in  Newport,  Tenn., 
for  production  of  compressed  asbestos  gasketing. 
.  .  .  Clevite  Electronic  Components,  a  Clevite  Corp. 
division,  plans  to  more  than  double  production  ca- 

pacity at  its  Bedford,  Ohio,  plant  with  construction 

of  a  $l-million  addition,  scheduled  for  completion  in 
August.  The  expansion  is  designed  to  meet  increas- 

ing demand  for  piezolectric  ceramics.  .  .  .  Steel 
Improvement  and  Forge  Co.,  Cleveland,  purchased 
Air  Force  Plant  No.  41,  consisting  of  three  build- 

ings, 15  steam  forging  hammers  and  supporting 
equipment.  .  .  .  Babcock  Electronics  Corp.  continues 
to  expand  its  Costa  Mesa,  Calif.,  facilities.  Latest 
acquisition  is  a  new  10,000-sq.-ft.  building  bringing 
total  facilities  to  five  times  the  firm's  Costa  Mesa 
holdings  five  years  ago.  .  .  .  Raytheon  Missile  & 
Space  Div.  put  into  operation  a  space  environment 
simulation  system  capable  of  duplicating  environ- 

mental conditions  800  miles  above  the  Earth.  .  .  . 
Baldwin-Lima-Hamilton  Corp.,  Burnham,  Pa.,  be- 

gan construction  of  a  new  metallurgical  building  to 
provide  office  and  conference  areas  for  an  enlarged 
technical  staff.  .  .  .  Instrument  Systems  Corp. 
broke  ground  for  a  44,000-sq.-ft.  plant  in  Hicksville, 
N.Y.  .  .  .  Richmont  Torque  Tools,  Monrovia,  Calif., 
moved  its  sales,  administrative  and  manufacturing 
facilities  to  Houston,  Tex.  .  .  .  Pacific  Automation 
Products,  Inc.,  completed  an  expansion  program 
increasing  company  production  capacity  for  the 
aerospace  cable  market  by  50%. 

New  Names  in  the  Industry 

American  Hofmann  Corp.  has  been  formed  to 
market  Hofmann  electronic  dynamic  balancing  ma- 

chinery in  the  United  States.  It  is  jointly  owned 
by  Astlett  and  GEBR  Hofmann  KG,  Darmstadt, 
West  Germany  .  .  .  Opcalite,  Inc.,  has  been  formed 
in  Los  Angeles  as  a  wholly-owned  subsidiary  of  Op- 
penheimer  Plastics,  Inc.,  to  serve  the  parent  com- 

pany's West  Coast  customers.  Oppenheimer  does 
human  factor  engineering  and  produces  integrally 
lighted  instruments,  panels  and  data  presentation 
displays  for  electronic  and  aerospace  applications 
.  .  .  Thermel,  Inc.,  changed  its  name  to  Elmwood 
Sensors,  Inc.  .  .  .  Elgin  National  Watch  Co.  changed 
the  name  of  its  Abrasives  Div.  to  Precision  Div., 
to  reflect  diversification  of  division  activities  .  .  . 
Electro  Sheet  Metal  Corp.  was  formed  in  Paramount, 
Calif.,  as  a  wholly-owned  subsidiary  of  Cahn  In- 

strument Co. 

News  of  Mergers  and  Acquisitions 
Aerotest  Laboratories,  Inc.  acquired  an  80% 

interest  in  Propellant  Systems,  Inc.  active  in  the 
field  of  high-energy  fuels  and  oxidizers  and  in  des;s:n 
of  associated  thermodynamic  and  mechanical  equip- 

ment. PS  will  operate  as  a  subsidiary  of  the  lab  .  .  . 
Robins  Industries  Corp.  purchased  the  filter  manu- 

facturing business  of  the  Great  Eastern  Filter 
Corp.  and  its  affiliates,  Brooklyn,  N.Y.  .  .  .  Quantic 
Industries,  Inc.,  San  Carlos,  Calif.,  acquired  Tech- 
noproducts,  Inc.  to  complement  the  company's  Pel- mec  Div.  activities  in  development  and  manufacture 
of  such  aerospace  devices  as  ramjet  and  rocket 
engine  ignitors,  arming  units  and  separation  sys- 

tems .  .  .  Booz,  Allen  Applied  Research  Inc.  acquired 
Designers  for  Industry,  Inc.,  Cleveland. 
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Space  Guidance 

Systems 

-  Solid  State  Physicists 
(Radiation  Effects  Studies) 

'  Reliability  Statisticians 
'  Logic  Designers 
'  Circuit  Designers 
•  Programmers 
'  Quality  Engineers 
1  Control  Systems  Engineers 
1  Mechanical  Engineers  (Heat 

Transfer/Stress  Analyst) 

IBM  SPACE 

GUIDANCE 

CENTER 

At  its  Space  Guidance  Center  in 
Owego,  New  York,  IBM  is  respon- 

sible for  vehicle  guidance  and 
control  systems  for  manned  air- 

craft, satellites,  space  craft,  sub- 
marines, and  other  vehicles.  Ac- 

complishments include:  successful 
test  flights  of  the  rugged  IBM 
computer  used  in  the  all-inertial 
AChiever  guidance  system  that 
directs  the  TITAN  intercontinental 
ballistic  missile  to  its  target;  an 
advanced  memory  system  for  the 
NASA  Orbiting  Astronomical  Ob- 

servatory; guidance  computers 
for  flight  testing  with  the  SATURN 
space  vehicles. 

The  IBM  Space  Guidance  Center 
is  situated  in  pleasant  surround- 

ings with  ample  housing,  good 
schools,  and  fine  recreational  fa- 

cilities. The  company-paid  benefit 
program  features  broad  educa- 

tional opportunities.  Relocation 
expenses  are  paid.  IBM  is  an 
Equal  Opportunity  Employer. 

For  full  details  on  career  oppor- 
tunities, please  write,  outlining 

your  interests  and  background, 
tO: 

Fred  Guth,  Dept.  604Q5 
Space  Guidance  Center 
IBM  Corporation 
Owego,  New  York 

IBM ® 
INTERNATIONAL  BUSINESS 
MACHINES  CORPORATION 

names  in  the  news- 

GREGORY SATIN 
KENNA 

John  R.  O'Brien:  Appointed  a  vice 
president  of  Hoffman  Electronics  Corp.,  to 
handle  corporate  relations  with  the  mili- 

tary and  other  government  agencies  in 
Washington,  D.  C. 

Terence  R.  Gregory:  Elected  president 
and  director  of  DATA-tronix  Corp.,  Nor- 
ristown.  Pa.,  a  new  company  producing 
telemetry  components  and  systems.  He  was 
formerly  a  vice  president  and  general  man- 

ager of  the  TELE-datax  Div.,  Sonex,  Inc. 

Edward  J.  Sheeny:  Named  manager  of 
Hercules  Powder  Co.'s  "Manned  Flight 
Booster  Program."  Prior  position  was  as- 

sistant manager  of  ABLs  Rocket  Research 
Div. 

Dr.  John  F.  G.  Hicks:  Named  vice  pres- 
ident of  Battelle  Memorial  Institute.  A 

chemist  by  profession,  he  joined  the  In- 
stitute a  year  ago  after  leaving  Corning 

Glass  Works,  where  he  was  vice  president. 

Walter  Doll:  Named  nuclear  systems 
manager  of  Pratt  &  Whitney  Aircraft. 
C.  E.  Holtsinger,  Jr.,  was  selected  as  nu- 

clear systems  assistant  manager. 

John  W.  Fiske:  Appointed  director  of 
product  planning  for  Corning  Glass  Works. 
He  will  be  responsible  for  coordinating  re- 

search and  marketing  functions. 

Alexander  Satin:  Joined  General  Pre- 
cision, Inc.,  as  Director  of  Long-Range 

Planning,  a  new  position  involving  devel- 
opment of  future  plans  for  space  and  de- 

fense business.  Satin  is  a  member  of  the 
Missiles  and  Rockets  Advisory  Board. 
He  has  been  Senior  Scientific  Advisor  with 
Lockheed  Aircraft  and  Chief  Engineer  and 
Staff  Consultant  for  ONR. 

Dr.  Hugh  Dryden:  NASA  deputy  ad- 
ministrator, was  awarded  the  Langley  Gold 

Medal  of  the  Smithsonian  Institution, 
given  for  "specially  meritorious  investiga- tions in  connection  with  the  science  of 
aerodromics  and  its  application  to  avia- 

tion." It  was  awarded  Dryden  in  recogni- 
tion  of  his   "important   applications  of 

experimental  science  to  the  problems  of 
flight  and  for  his  wise  and  courageous 
administration  of  much  of  America's  re- search and  technical  developments  that 
now  make  possible  the  conquest  of  air  and 
space."  The  award  has  been  given  only nine  times  since  its  establishment  in  1908. 
The  first  recipients  were  the  Wright 
brothers  in  1909.  Later,  it  was  awarded  to 
Glenn  Curtiss,  Gustave  Eiffel,  Charles 
Lindbergh.  Charles  M.  Manly,  Richard  E. 
Byrd,  Joseph  Ames,  Jerome  Hunsaker  and 
Robert  H.  Goddard. 

J.  L.  Bromberg:  Appointed  Missile  and 
Space  Systems  Div.  vice  president-director 
of  Skybolt  Program,  Douglas  Aircraft  Co. 
He  had  been  assistant  general  manager  of 
the  division. 

Richard  C.  Sorensen:  Named  president 
of  Tracerlab,  a  Div.  of  Laboratory  For 
Electronics,  Inc.  and  the  Keleket  X-Ray 
Corp.,  and  LFE  subsidiary.  He  joined  the 
company  in  1957  as  production  manager. 

Dr.  Bernard  Herzog:  Appointed  Direc- 
tor of  the  Space  Sciences  Lab  of  Philco 

Corp.'s  Western  Development  Labs.  He 
will  direct  studies  in  physical  phenomena 
and  techniques  relating  to  space  technology. 

Dr.  D.  L.  Slotnick:  Appointed  manager 
of  advanced  data  processing  systems  for 
Westinghouse  Air  Arm  Div.  He  will  be 
responsible  for  studies,  design  and  develop- 

ment in  advanced  computer  organiza- 
tion, exploratory  systems  and  computer technology. 

E.  Douglas  Kenna:  Appointed  vice- 
president  and  general  manager  of  Avco 
Corp.'s  Research  and  Advance  Develop- 

ment Div..  Wilmington,  Mass.  Also  ap- 
pointed were  Dr.  Jack  A.  Kyger,  vice  presi- dent and  assistant  general  manager,  and 

Dr.  Mac  C.  Adams,  vice  president  and 
technical  director. 

Everett  A.  Prechel:  Appointed  director 
of  corporate  and  contracting  policies. 
Hughes  Aircraft  Co.  He  had  been  man- 

ager, contracting  policies,  since  joining 
the  company  in  1959. 
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products  and  processes 

New  Product  of  the  Week: 

O.Ol-lb.-Thrust  Microrocket 

THE  MODEL  R-10-2G.  available 
from  Rocket  Research  Corp.,  has  a 
thrust  of  0.01  lb.  and  a  delivered 
vacuum  specific  impulse  of  300  sec. 
The  propellants,  chlorine  trifluoride 
and  monomethylamine,  are  stored  as 
liquids  but  injected  as  gases.  Design 
philosophy  is  intended  to  achieve  a  low- 
weight  system  with  higher  reliability 

Frequency  Multiplier 

Applied  Research  Inc.,  announces 
the  availability  of  a  high-efficiency  va- 
ractor  frequency  multiplier.  An  output 
of  over  250  milliwatts  is  delivered  in 
the  1800  to  1935  mc  band,  with  an  in- 

put of  500  milliwatts  at  600  to  656  mc. 
Circle  No.  226  on  Subscriber  Service  Card 

DC  Power  Supply 

A  high-current  power  supply  with 
adjustable  output  voltage  for  industrial 
and  laboratory  use  has  been  announced 
by  Kidde-Electronics  Laboratories.  Wal- 

ter Kidd  &  Co.  Inc. 
Designed  for  applications  where 

close  regulation  is  not  required,  it  is 

missiles  and  rockets,  April  30,  1962 

than  the  nitrogen  jet  system  by  elimi- 
nating high-pressure  gases  and  pressure 

regulation  devices.  Only  moving  parts 
in  the  Model  R-10-2G  are  the  valves. 
No  propellant  bladders  are  required. 
The  radiation-cooled  thrust  chamber 
and  valves  weigh  less  than  1/5  lb. 
Length,  excluding  valves,  is  2Va  in. 

Circle  No.  225  on  Subscriber  Service  Card 

especially  useful  in  transistor  circuit 
development  work.  Its  low  ripple  and 
wide  range  of  output  voltage  as  well 
as  high  output  current  also  makes  the 
unit  well  suited  for  most  laboratory 
requirements. 

Circle  No.  227  on  Subscriber  Service  Card 

Clip-on  Nut 
A  clip-on  nut  has  been  developed 

by  the  Kaylock  Div.,  Kaynar  Mfg.  Co. 
Major  uses  include  electronic  packaging 
where  close  quarters  preclude  riveting 
and  modular  consoles  where  choice  of 

nut  spacing  is  desired  and  where  re- 
quirements necessitate  changes  in  nut 

spacing. 
Circle  No.  228  on  Subscriber  Service  Card 

Electric  Vaporizer 

An  electric  vaporizer  has  been  de- 
veloped by  Cal-Val  Research  and  Devel- 
opment Corp.  for  the  vaporization  of 

any  liquified  gas. 
Advantages  include  absence  of  mov- 
ing parts,  immediate  generation  of  gas 

at  desired  temperature  (to  500°F),  and 

prevention  of  gas  contamination  that 
may  be  caused  by  heat  transfer  fluid. 

The  vaporizer  can  connect  to  any 
commercial  or  industrial  power  source 
without  the  addition  of  intermediate  or 
switching  equipment,  and  can  be  built 
in  a  variety  of  sizes  from  models  that 
generate  approximately  5000  SCFH  to 
units  that  will  provide  in  excess  of 
200,000  SCFH. 

Circle  No.  229  on  Subscriber  Service  Cord 

Broadband  Crystal  Switch 

AEL,  Inc.  has  developed  a  broad- 
band VHF-UHF  crystal  switch  which 

covers  the  frequency  band  from  20 
Mc  to  1000  Mc  with  an  insertion  loss 
no  higher  than  3.5  db  and  typically 
less  than  2.0  db  over  most  of  the  band. 
The  isolation  varies  from  over  32  db 
at  20  Mc  to  approximately  27  db  at 
1000  Mc. 

Typical  applications  for  this  switch 
include  antenna  lobing,  TR  switching, 
RF  chopping,  modulation,  and  channel switching. 

Circle  No.  230  on  Subscriber  Service  Card 

Precision  Connectors 

U.S.  Components  has  introduced  its 
UMI  series  of  Ultra-Miniature  precision 
connectors  for  an  almost  infinite  variety 
of  applications. 

Available  in  1 1  standard  sizes  with 
5,  7,  9,  11,  14,  20,  26,  29,  34,  44  or 

50  contacts  accommodating  up  to  No. 
22  AWG  wire  they  are  supplied  in 
standard  draw-pull  and  screwlock  units, 
molded  in  glass-filled  Diallyl  Phthalate 
meeting  MIL-M-19833. Circle  No.  231  on  Subscriber  Service  Card 

Magnetic  Amplifiers 
Military  &  Computer  Electronics 

Corp.,  has  designed  a  magnetic  ampli- 
fier with  specifications  wide  enough  to 

accommodate  full  production  toler- 
ances, and  to  conform  to  quality  con- 

trol system   per  MIL-Q-9858.  These 
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amplifiers  provide  up  to  43  db  polarity 
reversible  gain  with  zero  stability  better 
than  1  % .  The  units  have  an  overload 
capacity  of  1000%  and  are  highly  re- 

sistant to  radiation.  Power  requirements 
are  115v.  (±10%)  on  a  60  cps  scource. 
Range  of  operating  temperature  is  from 
-10°F  to  +  180°F  and  storage  tem- 

peratures range  from  —  60°F  to  +180°F. Circle  No.  232  on  Subscriber  Service  Card 

Oscilloscope  Camera 

A  special  high-speed  drum-type 
camera,  Model  364,  has  been  developed 
by  Beckman  &  Whitley  particularly  for 

« 

application  to  the  oscilloscope  recording 
of  high-speed  non-periodic  waveforms. 
The  lens  focusing  range  is  from  10  in. 
to  3  ft.,  accomplished  by  a  reflex- view- 

ing eye  piece.  It  is  driven  by  a  %  hp 
motor  rated  at  120  v,  60  cps;  and  op- 

erating speed  is  controlled  by  a  built- 
in  variable  transformer. 

Circle  No.  233  on  Subscriber  Service  Card 

Resistivity  Probe 

Micro  State  Electronic  Corp.  has 
announced  the  availability  of  a  four- 
point  probe.  The  device  is  designed  to 
measure  bulk  resistivity  and  diffused  and 
epitaxial  layer  sheet  resistance  in  pro- 

duction control,  research  and  develop- 
ment of  semiconductor  devices.  The  de- 

tachable head  containing  the  probe  is 
mounted  on  a  two-directional  micro- 

manipulator for  ease  in  positiong  the 
probes  on  the  wafer  to  be  measured. 
Banana  jack  connections  are  conveni- 

ently located  for  insertion  of  measuring 
equipment. Circle  No.  234  on  Subscriber  Service  Card 

Strain  Gage  Amplifier 
Natel  Engineering  Co.,  Inc.  is  mar- 

keting a  Model  9036  Strain  Gage  Am- 
plifier. The  completely  transistorized 

unit  uses  a  sine  wave  excitation  circuit 

that  makes  it  possible  to  utilize  longer 
lines  in  instrumentation  systems  with- 

out compensating  for  line  capacitance. 
In  addition,  changes  in  frequency  of 
the  excitation  voltage  cause  no  unbal- 

ance in  the  transformer-coupled  ampli- 
;fier.  The  unit  operates  at  ambient 

temperatures  from  — 55 °C  to  71  °C. Circle  No.  235  on  Subscriber  Service  Card 

Thermistors 

Gulton  Industries,  Inc.,  has  avail- 
able thermistors  in  wafer,  disc,  washer, 

rod  and  bead  configurations.  They  are 
supplied  in  resistances  from  1  ohm  to 
1000  megohms  and  in  a  range  of  tem- 

perature coefficients  of  resistance  from 
—  3.4%  per  degree  C.  to  —6.8%  per 
degree  C. Circle  No.  236  on  Subscriber  Service  Card 

An  important  position  is  available  in  our  propulsion  section  for  an  individual  with 
experience  in  compressible  flow  and  advanced  aerodynamics.  Knowledge  of 
boundary  layer  characteristics  is  desirable  but  not  essential.  Work  will  be  in  the 
following  areas  and  will  be  both  analytical  and  experimental  in  nature. 

•  Thrust  vector  control  of  rockets  by  fluid  injection. 
•  Hypersonic  inlets  for  subsonic  and  supersonic  combustion  ramjets. 

Pneumatic  devices  using  aerodynamic  elements,  without  moving  parts. 

Since  this  group  has  been  a  leader  in  the  fluid-injection 
thrust-vector-control  field  since  1950,  it  is  obvious  that  the 
work  will  be  of  a  highly  advanced  nature.  Similarly,  research 
in  the  supersonic  inlet  area  has  been  in  progress  since  1948. 

j  1 1  ̂_ 

Aerodynamic  and  gas  dynamic  facilities  are  excellent  and  cover  a  range  from 
subsonic  through  Mach  25  in  the  hot-shot  tunnel.  Mathematical  analysis  and  com- 

putational services  are  available  from  one  of  the  nation's  largest  analog  and 
digital  centers. 

Projects  are  of  the  long-range  sustained  variety  with  all  that  this  implies  in  personal 
security.  Benefits  are  excellent  and  the  salary  level  will  be  commensurate  with 
experience. 
A  requirement  is  an  M.S.  degree,  or  equivalent  experience. 

#   All  qualified  applicants  will  receive  consideration  for  employment  without  regard  to  race,  creed,  color,  or  national  origin.    #  0 
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contracts 

AIR  FORCE 

$36,536,000 — Thiokol  Chemical  Corp.,  Brtgham  City,  Utah,  for  con- tinued research  and  development  for  the  Stage  I  Minuteman 
motor,  through  flight  test  and  qualification  test  (supplemental 
contract). 

$11,374,000 — Martin  Marietta  Corp.,  Denver,  for  work  on  site  activa- 
tion of  operational  Titan  bases  and  for  Titan  I  ground  operating 

equipment  (two  supplemental  contracts) . 
$10,200,000 — General  Motors  Corp.,  Milwaukee,  for  production  of  ln- ertlal  guidance  systems  for  Titan  II. 
$7,000,000 — North  American  Aviation,  Inc.,  Downey.  Calif.,  for  pro- 

duction of  Minuteman  guidance  and  control  systems  (supple- mental contract) . 
$5,583,966 — North  American  Aviation,  Inc.,  Downey,  Calif.,  for  spare 

parts  for  Minuteman  guidance  and  control  systems  (supple- mental contract) . 
$5.378,000 — Philco  Corp.,  Palo  Alto,  Calif.,  for  work  on  a  satellite control  program. 
$2,000,000 — Lockheed  Aircraft  Corp.,  Sunnyvale,  Calif.,  for  work  on a  classified  project. 
$1,836,866 — United  Aircraft  Corp.,  East  Hartford.  Conn.,  for  a  weather 

observing  and  forecasting  system  (supplemental  contract). 
$1,795,294 — North  American  Aviation,  Inc.,  Canoga  Park,  Calif.,  for 

applied  research  for  liquid  rocket  engine  propellants. 
$1,550,000 — Aerojet-General  Corp.,  Azusa,  Calif.,  for  work  on  space boosters. 
$1,471,500 — McDonnell  Aircraft  Corp.,  St.  Louis,  for  fabrication  and 

testing  of  re-entry  vehicles  (supplemental  contract). 
$1,682,000 — Douglas  Aircraft  Corp.,  Santa  Monica,  Calif.,  for  develop- 

ment of  a  capability  for  production  of  an  air-to-air  rocket  fuze 
(supplemental  contract). 

$1,200,000 — International  Telephone  &  Telegraph  Corp.,  New  York 
City,  for  antennas  and  related  equipment  (letter  contract). 

$1,194,982 — Martin  Marietta  Corp.,  Orlando,  Fla.,  for  production  of GAM  83  missile  trainers  and  related  items. 
$1,178.257 — General  Dynamics  Corp.,  San  Diego,  Calif.,  for  launch and  related  services  for  Atlas  space  boosters  at  Point  Arguello, 

Calif. 

$1,000,000 — Lockheed  Aircraft  Corp.,  Sunnyvale,  Calif.,  for  equipment 
for  Agena  space  vehicles. 

$333,190— United  Technology  Corp.,  Sunnyvale,  Calif.,  for  research 
In  non-destructive  testing  techniques  for  large  solld-propellant rocket  motors. 

NAVY 

$4,296,123 — Sperry  Rand  Corp.,  Ford  Instrument  Div.,  Long  Island 
City,  N.Y.,  for  fire-control-system  computers. 

$1,500.000 — Lockheed  Aircraft  Corp.,  Sunnyvale,  Calif.,  for  Polaris 
A3/FPV  functional  proofing  vehicle  and  Polaris  As/A-M  active- inert  vehicles  (letter  of  Intent). 

$1.136.800 — Ling-Temco-Vought,  Inc.,  Dallas,  for  utilization  of 
KD2U-1  target  drones  and  teams  to  operate  them. 

$225,000— Columbia  University,  New  York  City,  for  research  In  ocean- 
ography and  underwater  accoustlcs  with  emphasis  on  bottom  and 

sub-bottom  characteristics. 

ARMY 

$19,300,000 — Martin  Marietta  Corp.,  Orlando,  Fla.,  for  additional 
power  station  simulators  for  Pershing  and  system  modification 
and  repair  parts  (three  contracts). 

$3,156,171 — Paul  Smith  Construction  Co.,  Orlando,  Fla.,  for  altera- 
tions to  Complex  13,  Cape  Canaveral  Missile  Test  Annex. 

$1,995,000 — Food  Machinery  &  Chemical  Co.,  San  Jose,  Calif.,  for 
75  missile  carriers  for  the  Pershing  missile. 

$1,150,000 — General  Electric  Co.,  Syracuse,  N.Y.,  for  repair  parts  of 
HIPAR  guidance  radar  for  Nike-Hercules. 

$1,000,000 — Lear,  Inc.,  Electro-Mechanical  Div.,  Grand  Rapids,  Mich., for  control  surface  actuators  on  the  Sergeant  missile. 
$424,055— Hayes  International  Corp.,  Birmingham,  Ala.,  for  Pershing 

type  X  warheads  and  the  Pershing  missile  components  (two contracts) . 
$190,000 — Graham  Contracting  Inc.,  Orlando,  Fla.,  for  construction 

of  an  aircraft  and  weapons  building  addition  and  for  radar  tower 
utilities  at  Cape  Canaveral. 

$109,564 — D.  J.  Dermody  Co.,  Inc.,  and  Ralph  Welker,  Inc.,  Lancaster, Calif.,  for  Titan  II  trainer  facility  at  Vandenberg  AFB,  Calif. 

DOD 

$24,970,057 — Boeing  Co.,  Seattle,  for  development  of  the  Minuteman 
weapons  system,  bringing  total  funding  to  $501,082,501. 

$450,000 — Thompson  Ramo  Wooldridge,  Inc.,  Los  Angeles,  for  assist- 
ance In  the  design  of  an  advanced  computer-supported  damage assessment  center. 

NASA 

$12,000.000 — Aerojet-General  Corp.,  Space  Propulsion  Div.,  Azusa, 
Calif.,  for  manufacture  of  the  service  module  propulsion  engine 
for  the  Apollo  spacecraft. 

$1,000,000— EPSCO,  Inc.,  Cambridge,  Mass.,  for  development  of  a 
data  collection  and  analysis  system  for  pre-launch  checkout  of satellites. 

$174.000 — Electronic  Communications,  Inc.,  St.  Petersburg,  Fla.,  for 
follow-on  production  of  flight  control  computers  for  use  in  the Saturn  program. 

Bell  Aerospace  Corp.,  Hydraulic  Research  and  Manufacturing  Co., 
Downey,  Calif.,  for  the  hydraulic  servo  actuator  assembly  for  the 
Advanced  Saturn  second  stage.  Amount  undisclosed. 

AEC 

Martin  Marietta  Corp.,  Nuclear  Div.,  Baltimore,  for  a  nuclear  gene- 
rator to  power  an  experimental  navigational  beacon  at  the  bot- tom of  the  Atlantic  Ocean.  Amount  undisclosed. 

INDUSTRY 

$1,000,000 — Perkin-Elmer  Corp.,  Norwalk,  Conn.,  from  AC  Spark  Plug 
Div.  of  General  Motors  Corp.,  for  the  manufacture  of  azimuth 
alignment  theodolites  for  use  with  the  Titan. 

$500,000 — Ets-Hokin  and  Galvan,  Inc.,  San  Francisco,  from  Boeing 
Co.,  for  maintenance  of  the  communications  cable  network  serv- 

icing the  Montana  Minuteman  wing. 
$250,000— Hughes  Aircraft  Co.,  Newport  Beach,  Calif.,  from  Bendix 

Corp.,  for  production  of  crystal  filters  for  use  in  the  Talos  missile. 
Westinghouse  Electric  Corp.,  Baltimore,  from  McDonnell  Aircraft 

Corp.,  for  radar  for  the  Gemini  spacecraft.  Amount  undisclosed. 

Moderately-Priced 
Remote  Control 

Manipulators 
from 

Ameray 

( 

Safer 
'  handling  for 
explosives  and 
radioactive 
materials 

New  Ameray  Tongs  cost  only  a  few  hundred  dollars,*  but  they  perform 
many  jobs  as  well  as  manipulators  with  price  tags  in  the  thousands. 
Ameray  Tongs  feature  continuous-locking  action  and  parallel-motion 
jaws  for  positive  safety.  ■  Straight-line  mechanical  designs  and  hy- 

draulic articulated  models  are  available.  Mock-up  of  mechanical  model 
shown  above.  ■  Write  or  call  today  for  your  FREE  Tongs  File  Folder. 
•Exacf  price  depends  on  size  and  accessories. 

AMERAY  CORPORATION 
Dept.  M-4     1050  Route  46 
Kenvil,  New  Jersey 
Area  Code  201     FO  6-4100 
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ENGINEERS  &  SCIENTISTS  FOR  APPLIED  RESEARCH  &  ADVANCED  DEVELOPMENT 
AERO  THERM  OD  YNA  MICS  •  APPUED  MECHANICS 
ELECTRONICS  •  MATHEMATICAL  ANALYSIS 
MATERIALS  SCIENCES  •  SPACE  PROPULSION 
SPACE  ENVIRONMENTAL  CONTROLS 

YOUR  OPPORTUNITY 

70  HELP  mm STRUCTURE  A  I 

Join  Expanding  R&D 
Staff  at  Republic  on 

Wide-Ranging  Programs 
for  NASA  and  USAF 

Full  resources  of 
Paul  Moore  Research 

and  Development  Center 
at  your  disposal. . .  the  most 
sophisticated,  complete 
and  integrated  aerospace 
facilities  in  the  East. 

INVESTIGATIONS  RANGE  OVER: 
MEDICAL,  PHYSIOLOGICAL, 
PSYCHOLOGICAL  EFFECTS  OF  HUMAN 
EXPOSURE  TO  OUTER  SPACE  VOYAGES 
GUIDANCE  PROBLEMS  OF 
ORBITAL  RENDEZVOUS 
DEVELOPMENT  OF  MATHEMATICAL 
EXPRESSIONS  BASED  ON  SOLUTION 
OF  TWO  FIXED  CENTER  PROBLEMS 
(of  trajectory  determinations) 
RELIABILITY  OF  HYDRAULIC  & 
PNEUMATIC  SYSTEMS  IN  EXTREME 
TEMPERATURE  ENVIRONMENTS 
OF  EXTENDED  DURATION 
EVALUATION  OF  NEW  SPACE 
PROPULSION  CONCEPTS 
3-DIMENSIONAL  TEMPERATURE 
DISTRIBUTIONS  ON  VARIOUS 
SPACE  VEHICLES 
PROCEDURES  FOR  REALISTIC 
PREDICTION  OF  OPTIMAL  WEIGHT 
PARAMETERS  OF  RE-ENTRY  VEHICLES AND  OTHER  COMPLEX  INTERNAL  & 
EXTERNAL  STRUCTURAL  FEATURES. 

LEADERSHIP  POSITIONS  OPEN: 
STRUCTURAL  RESEARCH  PhD,  MS,  BS.  Advanced  theoretical  structural  analysis  handling 
complex  problems  of  thermal  and  mechanical  stress  in  elastic  and  inelastic  regimes. 
HYPERSONIC  GASDYNAMICS  RESEARCH  PhD,  MS,  BS.  Formulation  of  theoretical  and 
experimental  investigations  related  to  new  re-entry  projects. 
RE-ENTRY  &  SATELLITE  HEAT  TRANSFER  ANALYSIS  PhD,  MS,  BS.  Analysis  and  develop- 

ment of  thermal  design  criteria. 
ESTABLISH  DESIGN  CRITERIA  PhD,  MS,  BS.  For  hypervelocity  space  vehicles,  hypersonic 
re-entry  vehicles. 
PREDICT  RE-ENTRY  THERMAL  PROTECTION  PROBLEMS  PhD,  MS,  BS.  Predict  and  develop 
protective  concepts  for  various  superorbital,  satellite  and  aerospace  vehicles. 
DIRECT  HYPERSONIC  WIND  TUNNEL  TEST  PROGRAM  PhD,  MS,  BS.  Design,  conduct  and 
analyze  experiments  (36"  diameter,  pebble-bed  heated  tunnel). 
ENVIRONMENTAL  CONTROLS  DEVELOPMENT  MS,  BS.  For  orbiting  and  lunar  vehicles; 
space  suits;  advanced  aerospace  craft;  closed  ecological  systems. 
PROPULSION  SYSTEMS  — DESIGN  STUDIES  MS,  BS.  Conduct  theoretical  and  experimental 
cycle  investigations;  develop  advanced  propulsion  concepts  integrated  into  vehicle  design 
of  rockets,  hypersonic  airbreathing  vehicles. 
CRYOGENIC  RESEARCH  MS,  BS.  Study  problems  of  liquid  hydrogen  fuel  tanks  for  hyper- 

velocity space  vehicles. 
ALKALI  METALS  —  CHEMICAL  RESEARCH  MS,  BS.  Investigate  problems  of  compatibility 
at  elevated  temperatures  of  alkali  metals  with  various  materials. 
ANTENNA  DESIGN  MS  in  Physics  or  EE.  Design  and  development  of  antennas  for  re-entry 
vehicles.  Knowledge  of  window  effects  and  general  re-entry  radiation  blackout  problems. 
ELECTRONIC  INSTRUMENTATION  BS,  MS.  Develop  instrumentation  for  space  vehicles. 
Knowledge  of  system  integration  and  telemetry  highly  desirable. 
OTHER  STIMULATING  POSITIONS  OPEN  TO  ENGINEERS  with  BS  or  better.  Space  environ- 
mental  testing  of  vehicles;  aerospace  propulsion  systems;  aerospace  applications  of  statis- 

tics to  vehicle  design;  structural  analysis;  thermal  protection  analysis;  gas  dynamics;  wind 
tunnel  testing;  aerospace  hydraulic  and  pneumatic  systems;  advanced  manned  vehicle 
propulsion  systems;  aerothermodynamic  evaluations  of  re-entry  vehicles. 

Interested  applicants  are  invited  to  write  in  confidence  to 
Mr.  George  R.  Hickman,  Technical  Employment  Manager 

REPUBLIC 
AVIATION  CORPORATION 

FARMINGDALE,  LONG  ISLAND.  NEW  YORK 
An  Equal  Opportunity  Employer 
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Republic  Aviation  Corp   59 
Agency — Deutsch  &  Shea  Adv. 

Rucker  Co.,  The   34 
Agency — The  McCarty  Co. 

Rust-Oleum  Corp   33 
Agency — O 'Grady- Anderson- Gray  Inc. 

Technic,  Inc   6 
Agency — Lanning  Assoc.,  Adv. 

Texas  Instruments  Inc., 
Apparatus  Div   21 
Agency — Don  L.  Baxter,  Inc. 

Thiokol  Chemical  Corp., 
Specialties  Operations    64 
Agency — Hicks  &  Greist  Inc. 

United  Aircraft  Corp., 
Research  Labs    57 
Agency — B.  E.  Burrell  &  Assoc. 

Classified 

Let  Us  Move 

Your  Mobile  Home 
Across  the  street  or  across  the  nation, 

National  Trailer  Convoy  makes  moving  your 
mobile   home  as   easy  as   calling   a  taxi. 
National  Trailer  has  more  than  150  terminals 
in  strategic  cities  across  the  nation  and  the 
industry's  only  central  dispatch  system.  Call 
Central  Dispatch  collect  at  TEmple  5-8441, 
Tulsa,  Okla.,  or  your  nearest  NTC  terminal, 
listed  in  the  Yellow  Pages  under  "Trailer 
Transporting"  or  "Mobile  Homes — Trans- 

porting." SAFE  •  SWIFT  •  SURE 

National  Trailer 

Convoy,  Inc. 
Tulsa,  Okla. 

What  capabilities?  From  which  subsidiary  of 

RCA? 
From  RCA  Communications,  Inc. 
Uncommon  capabilities  for  designing  and 
operating  ground  communications  networks 
of  world-wide  scope  needed  by  contractors, 
sub-contractors,  and  government  agencies 
engaged  in  space  or  missile  projects. 
RCA  Communications  also  provides  facilities 
for  private  communications . . .  data  com- 

munications ...  and  commercial  communi- 
cations of  all  kinds  -  telegraph,  telex,  radio- 

photo,  and  radiotelephone  by  means  of  radio 
and  coaxial  cable  channels.  It  designs  not 
only  completely  new  systems  but  also  sys- 

tems incorporating  the  most  efficient  and 
economical  arrangement  of  established 
facilities. 

How  were  these  capabilities  acquired? 
Through  41  years  experience  in  building  and 
operating  a  world-wide  communications 
system.  Today,  RCA's  integrated  telegraph, 
telex,  and  radiophoto  networks  reach  more 
than  100  countries  and  ships  at  sea. 

In  what  ways  does  RCA  make  its  capabilities 
available? 
As  contractor  or  consultant.  For  more  infor- 

mation, write  RCA  Communications,  Inc., 
Advanced  Projects  Section,  66  Broad  St.,  New 
York  4.  Tel.  Hanover  2-1811,  Area  Code  212. 

The  Most  Trusted  Name  in  Communications 

M/R  BUSINESS  OFFICES 
Washington   5,    D.C. — 1001   Vermont  Avenue, 

NW;  STerling  3-5400 
Craig  L.  Mason,  Director  of  Research 

New    York    17,  N.Y.— 20    East    46  Street; 
YUkan  6-3900 
Paul  B.  Kinney,  Eastern  Advertising 
Manager 
Paul   N.  Anderson 

Beverly  Hills,  California— 892?  Wilshire  Blvd.; OLeander  5-9161 
Ronald  L.  Rose 
Edwin  J.   Denker,  Jr. 

Detroit    2,    Michigan — 412    Fisher  Building; 
TRinlty  5-2555 Michael  Rouff 

Chicago  2,  Illinois — 139  N.  Clark  St.;  Central 6-5804 
R.  Lenn  Franke,  Jr. 

Dallas    24,    Texas — 222    Wynnewaod  Profes- 
sional Building 

John  L.  Hathaway 
Miami,  Florida — P.O.  Box  698,  Coral  Gables  34 

Ray  Caldiero 
London,    W.I..    England — 28    Bruton  Street; Grosvenor  8356 

Nora II  and  Hart 
Geneva,  Switzerland — 10  Rue  Grenus;  Geneva 321044 
Paris,  France — 11  Rue  Condorcet;  TRU  15-39 
Frankfurt/Main,     West     Germany — Friedrich- 
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editorial . . . 

The  Dividends  from  Space 

IAUNCHES  IN  THIS  PAST  WEEK,  both  Soviet 
™  and  American,  have  emphasized  the  quickening 
pace  of  activity  in  the  space  field.  Progress  of 
Ranger  on  its  moonward  flight  was  viewed  with  in- 

terest by  the  industry  teams  at  work  on  the  Apollo 
spacecraft — which  will  follow  Ranger  to  the  moon. 

In  a  busy  factory  at  Downey,  Calif.,  a  number 
of  initial  mockups  of  the  command  and  service  mod- 

ules of  the  Apollo  craft  are  being  rushed  to  comple- 
tion by  North  American  Aviation. 

Yet  the  vast  gap  in  knowledge  which  must  be 
quickly  spanned  within  the  next  few  years  is  em- 

phasized by  the  black  headlines  in  the  news  racks 
just  outside  the  plant  entrances:  "Ranger  Is  Only 
a  Partial  Success."  Important  components  of  the 
spacecraft  have  failed  to  function. 

The  lunar  mission  of  the  three-man  spacecraft 
will  tolerate  no  such  failings.  Perfection  must  be- 

come commonplace. 
But,  primitive  though  it  may  be  in  comparison, 

the  Ranger  spacecraft  is  the  first  American  contact 
with  the  alien  lunar  surface — an  accomplishment 
unthinkable  a  few  years  ago  except  in  the  pages  of 
science  fiction. 

It  raises  once  again  the  perennial  cry  of  anguish 
among  the  timid  of  pocket — "Why  are  we  spending 
such  vast  sums  to  go  to  the  moon?" — and  the  wail 
of  terror  among  the  timid  of  heart — "Why  don't  we stay  at  home  in  front  of  our  television  sets  as  God 
intended?" 

John  Paup,  North  American's  Apollo  program 
manager,  has  one  answer:  Because  it  is  something 
we  must  do.  "We  would  go  if  there  were  no  Rus- 

sians," he  says. 

COR  THE  PRAGMATIST,  however,  this  is  never 
'  sufficient  answer.  Where,  he  demands,  are  the 
benefits? 

As  background  information  for  the  Second  Na- 
tional Conference  on  Peaceful  Uses  of  Space,  to  be 

held  next  week  in  Seattle,  a  survey  of  civilian  divi- 
dends from  space  research  has  been  made  by  Edward 

Gottlieb  &  Associates,  Ltd.,  of  New  York. 
This  comprehensive  report,  based  in  part  on  a 

special  survey  of  companies  engaged  in  space  re- 
search and  development,  is  emphatic  proof  of  the 

benefits  which  our  pragmatist  is  getting  for  his  dollar. 
Let's  take  a  look  at  some  of  this  civilian  fallout: 
•  Pressurized  space  suits  developed  by  B.  F. 

Goodrich  Co.  are  making  it  possible  for  bedridden 
victims  of  strokes  to  walk  and  work. 

•  Space  research  by  General  Data  Corp.  has 
resulted  in  restoration  of  hearing  of  deaf  persons,  by 
means  of  a  surgical  implant  of  a  tiny  electronic 
device. 

•  X-ray  equipment  developed  by  Aerojet-Gen- 
eral Corp.  for  examination  of  Polaris  rocket  motors 

makes  it  possible  to  produce  X-ray  photos  at  only 

1  /  30th  the  previous  radiation  exposure. 
•  Kollsman  Instrument  Corp.  is  carrying  out  re- 

search which  indicates  lasers  may  be  used  for  coagu- 
lation in  brain  surgery,  as  well  as  in  eye  tumor 

removal  and  retinal  welding. 
•  As  a  result  of  space  experimentation  with 

algae,  Boeing  Co.  has  developed  a  process  for  making 
flour  of  high  nutritive  value. 

•  American  Machine  and  Foundry  Co.  believes 
a  better  coffee  is  coming  due  to  development  of  a 
new  Teflon-coated  cloth  filter  designed  for  use  in 
space  research. 

•  IT&T  reports  that  ultraviolet  phototubes  de- 
veloped for  space  probes  may  be  effective  flame 

detectors  in  a  home  alarm  system. 
•  Hoffman  Electronics  Corp.  is  manufacturing  a 

portable  radio  powered  by  solar  cells  originally  de- 
signed for  spacecraft  power. 

•  Sundstrand  Aviation  has  developed  a  photo- 
chromic  material  for  space  use  which  may  lead  to 
adaptable  sunglasses  and  anti-glare  windows. 

•  Packard  Bell  Electronics  has  developed  a 
ceramic  insulation  material  to  withstand  the  extreme 
heat  generated  by  exotic  rocket  fuels.  It  is  being 
used  in  high-temperature  applications  in  the  civilian 
atomic  energy  program. 

•  Daystrom,  Inc.,  developed  a  metal  film  pre- 
cision resistor  for  space  use  which  is  now  being 

employed  commercially  in  analog  computers. 
•  Techniques  and  subcircuits  developed  by 

Collins  Radio  for  space  communications  are  being 
applied  to  new  commercial  FM  transmitters. 

•  Texas  Instruments  semiconductors  developed 
for  space  are  finding  their  way  into  civilian  markets 
in  radios  and  industrial  computers. 

THESE  ARE  but  a  few  examples.  The  ultra-high- 
speed drill  which  makes  your  dentistry  less  pain- 

ful may  depend  upon  tiny  ball  bearings  developed 
for  satellite  equipment.  The  football  helmet  your 
son  wears  may  have  been  improved  by  shock  tests 
based  on  space  telemetry.  The  canned  food  you  eat 
may  be  better  because  of  infrared  techniques  devel- 

oped in  space  research. 
More  accurate  measurement  of  the  time  you 

live  by,  more  accurate  forecasts  of  the  weather  you 
live  in,  more  widespread  knowledge  via  television  of 
the  world  you  inhabit — all  can  be  traced  to  benefits 
from  the  space  program. 

Vice  President  Lyndon  Johnson  pointed  out  at 
the  recent  Goddard  Dinner  in  Washington  that  the 
entire  space  program  is  costing  less  annually  than 
the  $5  billion  the  nation  spends  on  face  powder, 
lipstick  and  nail  polish. 

Which  is  worth  more?  Cosmetics  or  the  cosmos? 
There  can  be  only  one  answer. 

William  J.  Coughlin 
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SCIENTISTS  AND  ENGINEERS: 

Today  the  men  of  Motorola's  aerospace  team 
are  applying  creative  mindpower  to  the  analy- 

sis, design,  construction  and  test  of  advanced 
space  communications  command  and  control 
systems.  Vital  contributions  are  being  made 
to  such  important  current  NASA  programs 
as  the  Goddard  cis-lunar  Range  and  Range 
Rate  Tracking  System... the  JPL  Mariner 
and  Ranger  unmanned  planetary  and  lunar 
probes... and  updating  of  the  Deep  Space 
Instrumentation.  Facilities  to  "S-band"  for 
JPL.  If  you  are  interested  in  shaping  the  future 
with  a  dynamic  aerospace  contractor  on  these 
and  other  programs,  we  can  offer  immediate 
opportunities  to  both  System  and  Equipment 
Design  Engineers.  Write  us  today  describing 
in  detail  your  experience  in  the  following  areas 
of  aerospace  technology: 
System  Design  •  communications,  telemetry, 
command  and  control,  radio  tracking,  data  han- 

dling, and  detection  and  correlation. 

Equipment  Design  •  deep  space  satellite  and 
missile  transmitters  and  receivers,high-sensitivity 
ground  receivers,  data  processing  equipment,  data 
storage  and  display  equipment,  telemetry  systems. 

Familiarity  with  State-of-the-Art  •  multiple 
sensor  data  correlation,  coding  techniques,  high- 
frequency  solid  state  designs,  integrated  circuitry 
applications,  ultra-reliability  design  techniques, 
and  phase-lock  and  correlation  techniques. 
We  are  particularly  interested  in  the  programs  on 
which  your  experience  was  obtained,  and  the  ex- 

tent of  your  technical  responsibility.  Address  this 
information  to  our  Manager  of  Engineering  for 
immediate  and  confidential  attention. 

An  equal 
opportunity 

employer 
MOTOROLA 

Military  Electronics  Division  Headquarters 
8201  East  McDowell  Road  •  Scottsdale,  Arizona 
MILITARY  PLANTS  LOCATED  IN  CHICAGO.  ILLINOIS: 
SCOTTSDALE.  ARIZONA;  RIVERSIDE,  CALIFORNIA. 

Mindpower  and  Manpower. . . 

shaping  the  future  in 

AEROSPACE  SYSTEMS 



PROGRESS  IS  A  HABIT 

Special  Products  for  Special  Projects 

Safe  and  Arm  Device  from  Thiokol's  Bristol  Division  protects  Titan  II  destruct  system,  and  has  proved 
better  than  99.54%  reliable  in  arm-disarm  cycling  tests.  This  electro-mechanical  unit  has  successfully 
completed  flight  certification  tests,  meets  the  safety  requirements  of  the  Atlantic  Missile  Range.  Remotely 

actuated,  the  Bristol  Division  S  &  A  Device  has  a  firing  reliability  of  better  than  0.999975  at  a  95 "/o  con- 
fidence level.  It  prevents  premature  initiation  of  Titan  II  destruct  system,  answers  the  needs  of  the  new 

generation  of  missiles  and  satellites.  Such  special- CHEMICAL  CORPORATION 
BRISTOL,  PENNSYLVANIA ized  products  for  special  projects  are  reflective  of 

Thiokol's  widening  capabilities  and  reliability  in 
the  interest  of  missile  progress.  F I RST  IN  ROCKET  PROPULSION 

SPECIALTIES  OPERATIONS,  BRISTOL,  PENNSYLVANIA  •  ROCKET  OPERATIONS  CENTER,  OGDEN,  UTAH  •  AN  EQUAL  OPPORTUNITY  EMPLOYER 
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